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Abstract: The dynamical study of oscillatory motion in the
horizontal plane of a conical sieve with vertical axis,
suspended in three points, is presented in this paper. The
sieve is suspended with three elastic cables, in three
points, at the top and at the bottom. The differential
equations of the sieve motion in polar coordinates have
been determined with Lagrange’s equations. The
trajectory of the sieve joint point to the acting mechanism
was graphically drawn. Analyzing the trajectory of a point
on the sieve, some qualitative assessments on material
motion on the sieve, in separation process, can be done.
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equations, numerical integration, oscillatory motion,
conical sieve

INTRODUCTION

A sieve with outer conical separating surface was used
to clean rape seeds of large foreign bodies. The sieve is
suspended with flexible elastic wires, in three equidistant
points, at the top and at the bottom [8].

The steel cables diameter is ¢ 1.5 mm. The acting
mechanism provides mostly an alternating circular
motion of which amplitude can be measured to the
edge of the sieve on both sides of the equilibrium
position of oscillation. At this point an arm of length d is
connected to the acting mechanism (horizontal
oscillating circular saw).

The acting mechanism consists of an alternating
current electric engine with a power of 710W and a worm-
wheel drive with oscillating crank lever acting system. This
one has the control button eccentrically disposed on the
worm wheel of the transmission mechanism.

The oscillating crank lever stroke of the acting system
is of 16mm. The slider arm is joined by a spherical joint on
the arm stiffened with the sieve and it is laid on radial
direction to the base circle of the cone.

The experimental equipment is provided with the
possibility to set the oscillating motion parameters namely the
oscillation frequency F, and the oscillation amplitude A.

Oscillation frequency can be changed from the electric
motor by varying the electric current parameters. The
oscillation amplitude can be modified by changing the
position of acting mechanism in relation to the radial arm
of the sieve, joined one to the other by a spherical joint.

By the eccentric tangential positioning of the arm joint
of acting mechanism to the conical sieve, it develops
almost circular oscillations towards the vertical axis of the
cone. This motion is assumed to be oscillatory, because
the vertical axis of the sieve (its center) was not
constrained to move in the direction of the arm joined with
the sieve (placed radially at the base circle of the cone).

The equipment designed and experimentally
developed was used both to determine the vibratory
motions of the separation surface (as an agricultural
products processing element) and to estimate the material
movement on the sieve and the separation and seed
crops sorting process efficiency. The schematic
representation of the conical suspended sieve is
presented in fig.1 [7, 8].
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Rezumat: Tn lucrare se prezintd studiul dinamic al unei
site conice cu ax vertical, cu miscare oscilantd in plan
orizontal, suspendata in trei puncte, la partea de sus si
la partea de jos, prin trei cabluri elastice. Pe baza
ecuatiilor lui Lagrange au fost determinate ecuatfiile
diferentiale ale migcdrii sitei in coordonate polare. A
fost trasatd grafic traiectoria punctului de articulatie a
sitei la mecanismul de acfionare. Pe baza traiectoriei
punctului de pe sitd se pot face aprecieri calitative cu
privire la migcarea materialului pe sitd Tn procesul de
separare.

Cuvinte cheie: coordonate generalizate, ecuafiile lui
Lagrange, integrare numericd, miscare oscilantd, sitd
conicé

INTRODUCERE

O sitd cu suprafatd de separare conica exterioara,
suspendata in trei puncte echidistante, atat la partea de sus,
cat si la partea de jos, cu fire elastice flexibile, a fost utilizata
la curatirea semintelor de rapita de corpuri straine mari.

Diametrul cablurilor de otel este @L,5 mm.
Mecanismul de actionare al sitei a fost astfel conceput
Tncat sa asigure in principal o miscare circulara alternativa
cu o anumita amplitudine, masurata la marginea sitei
conice, de o parte gi de cealalta a pozitiei neutre de
oscilatie Tn care este fixat un brat de legatura de lungime
d, la mecanismul de actionare (de tip ferastrau pendular).

Mecanismul de actionare este compus dintr-un motor
electric de curent alternativ cu puterea de 710 W si un
sistem de actionare de tip melc roatd melcata cu culisa
oscilanta, cu butonul de actionare dispus excentric pe
roata melcata a transmisiei mecanismului.

Cursa culisei oscilante a sistemului de actionare este
de 16 mm, bratul culisei fiind articulat printr-o articulatie
sferica la braftul rigidizat cu sita dispus pe directie radiala
la cercul de baza al conului.

Standul experimental este prevazut cu posibilitatea
reglarii parametrilor miscarii oscilante si anume a
frecventei de oscilatie, F si a amplitudinii oscilatiei, Ai.

Frecventa de oscilatie se poate modifica de la motorul
electric prin variatia parametrilor curentului electric, iar
amplitudinea oscilatiei se poate modifica prin schimbarea
pozitiei de dispunere a mecanismului de actionare in raport cu
bratul radial al sitei, articulate intre ele printr-o articulatie sferica.

Prin dispunerea excentrica, tangentiala a articulatiei
bratului mecanismului de actionare la sita conica, aceasta
realizeaza oscilati aproximativ circulare fatd de axa
verticala a conului, miscarea fiind Tnsa o miscare presupus
oscilanta deoarece axa verticala a sitei (centrul acesteia)
nu a fost constréansa sa se deplaseze pe directia bratului
solidar cu sita (dispus radial la cercul de baza al conului).

Utilajul conceput si realizat experimental a fost utilizat
atat In cadrul unor determinari ale miscarilor vibratorii ale
suprafetei de separare (ca organ de prelucrare a
produselor agricole), dar si pentru estimarea miscarii
materialului pe sita, precum si a eficientei procesului de
separare si sortare a semintelor unor culturi agricole.
Reprezentarea schematica a sitei conice suspendate este
prezentata in fig.1 [7, 8].
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Fig. 1 — System schematic representation of suspended conical sieve/ Reprezentarea schematica a sitei conice suspendate

MATERIAL AND METHOD

Considering the coordinate system presented in the
figure above, first the coordinates of the suspending
cables clamping-in points of the static position of the sieve
(D1 E1, D2 E2, D3 E3) and then the position vectors relative
to the fixed reference system Oixiy1z: (fig.1), as well as
their moduli, have been written.

Thereby, these vectors have the following expressions

@=(L—R)F;@=(L+g)i‘m

where L is the distance, in the O1x1y1 plane, between the
acting point and the mass center C; and R is the clamping
radius of suspension cables in relation to the sieve.

There are considered as known: the length of the
suspension cables at the top and bottom, |; respectively I,
the radius of the sieve generator R; the length, I; and the
mass, my, of the arm connected to the acting mechanism the
sieve cone height h and the sieve mass mj.

The moduli of the position vectors represented in fig.1
have the following expressions:

OB|=L-R:|0B,|=VR +1*+RL: [OB=VR* + "+ RL.

Knowing the masses and dimensions of the sieve
components one can determine the mass center
coordinates of the whole equipment, C (&, 7, {).

Any current position of the working system can be
graphically represented as in fig.2.

If one neglects the vertical displacement, the sieve
plane parallel movement in generalized coordinates is
defined by A and @ parameters, given by the relations (3):

A=0,0, 6=4(0x; Oxq ).
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MATERIAL S| METODA

Pentru sistemul de coordonate prezentat in figura au
fost scrise mai Intai coordonatele punctelor de prindere a
cablurilor de suspendare ale sitei in pozitie statica (D: Eq,
D, Ez, D3 Es3), si apoi vectorii de pozitie in raport cu
sistemul de referinta fix O1x1y1z:1 (fig.1) precum si modulul
acestor vectori.
Astfel expresiile acestor vectori sunt:

V35 By = (L+ Ry -rY3
2 2 2
in care L este distanta de la punctul de actionare la centrul
de greutate al sitei C; In planul Oix1y1, iar R este raza de

prindere a cablurilor de suspendare 1n raport cu sita.

Se considera cunoscute; lungimea cablurilor de suspendare
la partea de sus si la partea de jos |1 respectiv l; raza cercului
generator al sitei R,; lungimea brafului de legatura cu mecanismul
de actionare [; inaltimea conului sitei h; masa sitei my si masa
bratului de legatura cu mecanismul de actionare ms.

Pentru schema reprezentatda, modulele vectorilor de
pozitie sunt:

i

@

Cunoscand masele si dimensiunile elementelor
componente ale sitei se pot determina coordonatele
centrului de masa ale intregii instalatii, C (&, 7, {).

O pozitie curenta, oarecare a sistemului de lucru
poate fi reprezentata grafic prin schemele din fig.2.

Neglijand deplasarea pe verticala, miscarea plan
paralela a sitei in coordonate generalizate este definita de
parametrii A si 6, dati de relatiile (3):

®
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Fig. 2 — System representation in current position / Reprezentarea schematicd a sitei conice suspendate n pozifie curentd
Applying the Lagrange's equations, the differential Determinarea ecuatiilor diferentiale ale miscarii sitei
equations of the motion of the conical suspended sieve conice suspendate a fost realizata aplicAnd ecuatiile lui
were determined (see rel. 4): Lagrange, relatiile (4):
d( oE oE
—| — ——:QkC+Q|? ,k=1,2,....,n (4)
dt\ 0dx ) 9ok
where: E is the kinetic energy of the system composed of n care: E — reprezinta energia cinetica a sistemului format
the conical sieve and the connecting arm, gk — the din sita conica si bratului de legatura; gk - coordonatele
generalized coordinates, Oy - the generalized velocities, generalizate; G - vitezele generalizate; QkC - fortele
ch are the conservative generalized forces and Q,' are generalizate conservative; Qp - fortele generalizate
the non conservative generalized forces. neconservative.
To apply the Lagrange’s equations one calculates the Pentru aplicarea ecuatiilor lui Lagrange au fost

current position of the mass center (5), the moments of  calculate: pozitia curenta a centrului de masa (5), tensorul
inertia tensor of the working body, the kinetic energy of the  momentelor de inertie ale organului de lucru, energia

system, the function of force. cinetica a sistemului, functia de forta.
C[écod;(A - ¢sind); {1 ®)
The inertia moments tensor of the working body is Tensorul momentelor de inertie ale organului de lucru se

obtained by summing the moments of inertia tensor of the obtine prin Thsumarea tensorului momentelor de inertie ale
conical sieve with the moments of inertia tensor of the sitei conice cu tensorul momentelor de inertie ale bratului de

connecting arm to the acting mechanism, respectively: legatura cu mecanismul de actionare, respective:
—rql 2
[9.]=1381+[381- ®)
The moments of inertia tensor of the conical sieve with Tensorul momentelor de inertie ale sitei conice in raport cu
respect to its mass center, written in matrix form, is: centrul sau de greutate, scris sub forma matriceala, este:

13
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The moments of inertia tensor of the connecting arm to
the acting mechanism with respect to its mass center, is
given by relation (8)

o

|92 |=

The kinetic energy of the working system (sieve-
connecting arm), considering that the sieve vertical
displacement is neglected, is given by relation (9)

E:1

in which, m is the mass of the system consisting of conical
sieve and connecting arm, vc — mass center velocity, Jc — the
moment of inertia, w — the angular velocity of the system.
Deriving the mass center current position coordinates,
the mass center velocity is determined. Then, the kinetic
energy of the system is determined with relation (10)

WZ

Following the mathematical model known for applying
Lagrange's equations, the kinetic energy derivatives with

respect to the coordinates A and 8, the velocities A, 8 and
the time t, were determined (11):

a—E- a—E—m/} mé@cosd ;
04 04
a—E—mE)lean
04
d (0E
Je +m
dt(aﬁj (C ‘r)g

For the acting mechanism that generates an harmonic

motion, the vibration generating force is defined by
function:

F =

The non-conservative generalized forces were

determined, as follows, with relations (13). Using the
expression (14) of the force function, the conservative
generalized forces were determined too, by noting:

2mv§+;;lca)2,

2(J +m5)6' -mélfcoss.

% - (JC +m52)6?—m£)l sing;

Tensorul momentelor de inertie ale bratului de legatura
cu mecanismul de actionare Tn raport cu centrul sau de
greutate, este dat de relatia (8)

0 0 ©
2
m2€ 2 0
12 ,
0 m2€ 2
12 |

Energia cinetica a sistemului de lucru (sita — brat de
legaturd) in conditiile n care se neglijeaza deplasarea sitei
pe verticala este data n relatia (9)

©

n care m este masa sistemului format din sita conica si
bratul de actionare; vc — viteza centrului de masa; Jc —
moment de inertie; w - viteza unghiulara a sistemului.

Dupé derivarea coordonatelor centrului de masé in pozitia
curentd se determina viteza centrului de masa al sistemului,
dupa care se determina energia cinetica a sistemului.

(10)
Urmarind modelul matematic cunoscut pentru aplicarea

ecuatiilor lui Lagrange, au fost determinate derivatele
energiei cinetice in raport cu coordonatele A si 6, vitezele

A, @ sicu timpul t, care sunt date de relatiile (11).

E(GEJ mi - mf@cos@+mf6?25|n6?
dt\ 04

(11)

méA sind — méi @ coss.

Pentru mecanismul de actionare care imprima o
migcare oscilatorie armonica, forta generatoare de vibratii
este definita de functia:

F,sinQt . (12)
Au fost determinate 1Tn continuare fortele
generalizate neconservative date de relatiile (13)

precum si cele conservative utilizand expresia functiei
de forta (14)

Qr=Q= i_j = FOS";IH D _ FosinQt; Q¢ =Q, =0 (13)
U= —%kl[(M 8oy e, 2+ o Bgos)z} _%kZ[(MBlEl)Z'*(MBZEZ)Z"‘(MB3E3)2]v (14)

14
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AY/ BD, is the suspending cables elongation on the top
|
of the sieve, A/ B E; is the suspending cables elongation

on the bottom of the sieve and ki and k, are the
suspending cables stiffness on the top and on the bottom
of the sieve. Using the expressions of the vectors
corresponding to the length of the undistorted wires, the
expressions of vectors corresponding to a distorted
position, at the top and at the bottom of the sieve, resulted,
so that the suspending cables elongations were calculated.
It resulted the following expression of the force function:

INMATEH — Agricubtusal Engineering

unde: Ay BD, este alungirea cablurilor de suspendare a sitei
I
la partea supericara, A¢ BE, este alungirea cablurilor de

suspendare a sitei la partea inferioara iar ki $i kz sunt rigiditatile
cablurilor de suspendare ale sitei la partea supericara si
respective la partea inferioara. In continuare au fost calculate
alungirile cablurilor de suspendare folosind expresiile vectorilor
atagati lungimii firelor din pozitia nedeformatd din care au
rezultat vectorii corespunzatori firelor In pozitia deformata, atét
la partea de sus cét si la partea de jos a sitei. Expresia functiei
de forta a sistemului de lucru este urmatoarea:

U= —%kl[all +A% - ajp Cosd —ajzAsing + '12 - 2f1\/a11 + A2 —aqpc0sf — ajzA sin 9} -

—%kl[ﬁz +02 + ay, — ay, coda — 6) - ayzsin(a - 8) - Aay, — Aagssin(a - 6) -

—20,Jag; —agycoda - 6) - apzsin(a — ) - Aazy — axsA sin(a - 6)] -

—%kl[)l2 + E% +agq — agy cos(@ + a )+ aggsin(a + 8) - dagg - Aagg sin(a +6)-

- 2¢\Jag] —agp coda + 6) - agzsin(a + ) - Aagg —agsAsin(a + 6)] -

—% kolbyg + A2 ~bypc0s8 +bygAsing + (5 — 2/ 2ybry + A2 =by 080+ bygAsing] (1)

‘%kzlﬂz + 05 +byy ~byp coda ~6) ~bpssin(a ~6) ~ Aoy, ~ Abyssin(a - 6) -

=2/ 5\/by1 ~bypcoda - 8) - byzsin(a - 6) - Abyy ~bpsAsin(a - 8)] -

‘%kz[/‘z +05 +b31 ~ b3y co{6+a) + bgsin(ar +6) ~ Aoz ~ Abgssin(a +6) -

~20[bg1 g coda +6) + bygsin(a + 6) ~ Aoz ~bgsA sin(a +6)]
in care s-au facut notatiile:

ap=2(L-R)? a3=2(L-R)

where one noted:

aj1=2(L-R)? +/2
R)? 2 V3 ? 2 R J3 V3
321=(L+EJ +20B5 +(R7J +/01; asp= 2(L+Ej082; ar3 =2[R23]OBZ§ Aoy = ZR?;

2 2 R
3.25:2082:2 L2+R2+LR;a31:(L+F22) +OB§+[—R\/2§] +(%;a32=2(L+2jOBg;

3
ags = z(_ R\f]ogg; 834 = 2R~ 835 = 20B;; by, =2(L - R)* +¢2;

b, =2(L-R)*; b, =2(L - R); (16)
2 2
b,, = L+R +20B? + Rﬁ +£§:b22:2[L+Rjosz:b23:z R@ OBz;b24:2R@;
2 2 2 2 2
bys =20B, =2VL* +R® + LR b, :(L+R)2+OB§+[—R‘@J2+@
2 2

V3

by, :2(L+§)053; [ :2[— R\/éjOB3; Q4:2R7; By = 20B;-

2

15
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RESULTS REZULTATE
Using the force function given by relation (17), the Cu ajutorul functiei de forta data de relatia (17) au fost
conservative generalized forces [3,4] were calculated, calculate fortele generalizate conservative [3,4],
szaiu,Qg:aiu. 17
04 00
By replacing in Lagrange's equations, a system of two Tnlocuind n ecuatiile lui Lagrange s-au obtinut

differential equations of second order in A and 6 was sistemul de ecuatii diferentiale de ordinul al doilea Tn A
obtained. These equations represent the motion equations si O care exprima miscarea sistemului oscilant cu sita
system of the oscillating system with conical sieve. conica.

2(1(2/1 - ay3sin 6)

]_

mA — méd cosd + méG? sin6 = F,sinQt - 1 ki[24 - a;3sind -
2 2\/a11 + A2 —-a12c0sf —aj3Asind
1 : 2041|—agg —asgsinla - 6
2 k{24 = a4 = ags sinfa = 6) - 2\/ap1 +agy coda - 61’5 - a22‘; sin(zj - 6() - /lai]4 — ags sin(a - 0)} )
201[~ag4 ~ ags sin(a + )] _
2\/agy +agp coda + 0) - agzsin(a + 8) - Aagg - agsAsin(a + 6) (18)
205(21 +by3sind)
2\/by1 + A2 ~by 056 + by3A sind
_ 20 5[4 — bps sin(a - )]
2,/bo1 + by coda - 8) - bpzsin(a - 8) - Abog —bosA sin(a - 6)
_ 20 5[-134 — bzs sin(a + )]
2,/ba1 + b3 coda + 8) - baasin(a + 6) - Abgy - basAsin(a +6)

- % ki{2/ - ag3 — aggsin(a + 6) -

—%kz[z/l +by3sing - 1= L k{24 ~ by ~bys sina - 6) -

} - % ko{21 —bgg — bggsin(a + ) -

(JC + m{z)é —méA sind - mélfcosd - méAdsing =

2/21(a125in6? -3l cosH)
21+ 2 —a19c0sd - 3Asind

—%kl a12sind - 34 cosd -

1 . 201]aposin(a - 6) + apzcoda — 6) + ass) coda - 6)]
~Liy - )+ )+ -9)- -
2] 228in(ar =)+ 230040 = 6]+ 25/ codr ) 2\/ap1 +appcoda - 8) - apzsin(a — 8) - Aapy — apsAsin(a - 6)
201[azpsin(a + 6) - agzcoda + 6) - agsA coda + 6)]

- Zkq| agpsin(6 +a)+ agzcoda +6) - agsA coda +6) - PN e e v gt Sin(a+€)}_

Ko| by 2Siné + by 31 cosd - 205[b1 258 + by 3/ cosd]
L 2 b11+/12 —by 9c0sd + oy 34 sing

1 __ bposin(a - 8) + bpgcoda - 6)+ Abpscoda - 6) - 2/22[b225in(a - 6)+bpyzcoda - 6) + by Asin(a —6?)] }_

2\/b21+ b22cos(a - 9) - b235in(a - 6?)—Ab24 —bpsA sin(a' - 9)

1 I . : : 2(2[—b325in(a+9)—b33005(a+6)—m5/15in(a+9)]
2k2 b32$|n(6+a)+b33cos(a+6) /l%5cos(a+9) 2\/b3,1+bg,zcos(a+9)—b3,3$in(a+9)—/1b3,4—b35/lsin(a+9)

For an experimental equipment with conical sieve with Pentru o instalatie experimentald cu sitd conica cu
circular holes, with known constructive parameters, orificii circulare, cu parametrii constructivi cunoscuti,
respectively, respectiv,

I =0,24 m; 1, =0,18; d = 0,0015 m; R, = 0,215 m; | = 0,205 m;
L=0,420m; R=0,2 m; h=0,015m; m; = 0,8 kg; m, = 0,4 kg

the stiffness coefficients, ki and k> [1], of the suspending au fost calculate mai Tntai constantele de rigiditate ale
cables on the top and on the bottom of the sieve, were first cablurilor de legatura la partea de sus, respectiv la partea

16
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calculated as follows:

In relations (19), E represents the elastic modulus and
A is the area of cables section.

Using numerical integration of differential equations
Runge Kutta fourth order, with Turbo Pascal programming
language [5,6], the numerical integration of the system (18)
has been done.

With the obtained values, the trajectory of the sieve
joint point to the acting mechanism arm was graphically
drawn (fig.3).

bty

INMATEH — Agricubtusal Engineering

de jos ki si ko [1]:

(19)

Tn care: E reprezinta modulul de elasticitate, iar A este
aria sectiunii transversale a cablurilor.

Utilizdnd metoda de integrare numerica a ecuatiilor
diferentiale Runge Kutta de ordinul IV, cu ajutorul limbajului
de programare Turbo Pascal [5,6], s-a facut integrarea
numerica a sistemului (18).

Cu valorile obtinute a fost trasata grafic traiectoria
punctului de legatura a sitei cu bratul mecanismului de
actionare, (fig.3).

0.02
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Fig. 3 - The trajectory of the sieve joint point to the acting mechanism arm /
Traiectoria punctului de legéturd a sitei cu braful mecanismului de acfionare

CONCLUSIONS

Suspended oscillating conical sieves are used to separate
foreign bodies in mixed grain.

The dynamic analysis of the oscillating system with
conical sieve is quite difficult, and the motion differential
equations system of a point on the sieve is very
complex.

This system can not be solved mathematically. Therefore,
if the constructive parameters of the mechanical system are
known, the numerical integration is necessary.

However, our numerical calculations and our
observations have shown that the system has a harmonic
motion that was graphically drawn in fig.3.

The mathematical model presented can be the basis for
the design and construction of grain cleaning systems that
have integrated such a sieve.
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CONcCLuzIl

Sitele conice oscilante suspendate sunt utilizate pentru
separarea corpurilor straine din amestecurile de cereale.

Analiza dinamica a sistemului oscilant cu sita conica
este destul de dificila, iar sistemul de ecuatii diferentiale
ale miscarii unui punct de pe sita este deosebit de
complex.

El nu poate fi rezolvat matematic si de aceea este
necesara integrarea numerica cunoscand parametrii
constructivi ai sistemului mecanic.

Din calculele si observatiile noastre rezultd totusi o
migcare oscilatorie armonica a sistemului reprezentata
grafic prin figura 3.

Modelul matematic prezentat poate sta la baza
proiectarii si constructiei sistemelor de curatire a cerealelor
care au integrate o astfel de sita.
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