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ABSTRACT

The paper proposes an approach of a 3DOF (3 Degree Of Freedom)
dynamic model for the vibrating screens, with the purpose of determining
some impartial criteria for the appreciation of dynamic characteristics of
the equipment. The level of specific performances of the screens is based
on technological parameters of the inertial vibrating screen (frequency,
disturbing force, amplitude of the screen vibration) and on the degree of
uniformity of the transmission of vibration across the screen surfaces. The
quality of the screening operation is much better if the vibrations are
transmitted uniformly over the entire screen surface. This is why the
translation vibrations must be predominant rotation vibrations, in the case
of rotating inertial force. These technological requirements can be
achieved after the dynamic analysis of the equipment sets up the

corresponding correlation of the structural and functional parameters.
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1. INTRODUCTION
The inertial vibrating screens are the most
used type of technological equipment for the
sorting out of the construction materials
(gravel, sand, limestone,
a.s.o.).

crushed aggregate,

7

+— 1136 —=

— 1412 —=
2 t— 1812 —
3150

Fig. 1. Constructive scheme for the inertial
vibrating screen with 5m? sieves

The dynamic study and the experimental
determinations have been carried out for two
types of inertial vibrating screens, having the
screen area of 5m? respectively 12m?, and the
two different bearing systems: one of them with
helicoidal steel springs and the other one with
neoprene supports. The constructive solution of
the two screens is shown in fig. 1 and fig. 2,
where all overall and mounting dimensions are
in mm.

Figure 1 shows the vibrating screen with
four metallic sieves of 5m? The main parts of
the equipment are:

1- mainframe (welded structure);

2- sieves (cutted steel plates or knitted
steel wires);

3- inertial vibrator (with two unbalanced
masses);

4- belt drive;

5- electric motor;

6- helicoidal steel springs;

7- baseframe (welded structure).

Figure 2 shows the vibrating screen with
four metallic sieves of 12m? where the
notations are as follows:
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1- mainframe (welded structure);

2- neoprene supports;

3- baseframe (welded structure);

C- the center of gravity of the mobile
part of the screen;

O- the center of the rotational inertial
force.
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Fig. 2. Constructive scheme for the inertial
vibrating screen with 12m? sieves

2. PHYSICAL MODEL

The simplified calculus model of the
inertial vibrating screen is shown in fig. 3. The
main hypotheses of this simplified model are as
follows:

- the mobile part of the vibrating screen is
considered as a solid body with two planes of
symmetry (vertical planes XCZ and YC2Z);

- the bearings of the screen are identical
and the elastic characteristics are done by the

stiffness coefficients ky, ky and kj;

-the perturbation rotational force is acting
in the vertical plane YCZ; its amplitude is Fy
and the action center is O, defined by the
coordinates (yo,zo);
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Fig. 3. Constructive scheme for the inertial
vibrating screen with 12m? sieves

3. MATHEMATICAL MODEL
If we consider the 6DOF model of solid
body, the generalized coordinates are the

natural displacements (X,y,z,(px,(py,(pz),
where:

X - side slip motion

y - advance motion

z - lift up motion

@y - pitching rotation

Py- rolling rotation

¢y - swing rotation

The corresponding generalized forces are
as follows:

Qy = Fycos ot
Qy =0
Q; =Ry sinwt
Q‘Px =0 @
Qp, = Fo(zg cos ot — yg sin wt)
Q(Pz =0

In order to establish the mathematical
model of the solid body with elastic bearings,
we consider as known:

- the dimensional and inertial characteristics
(mass, central and principal inertia);

- the stiffness coefficients of the bearings;

- the disturbing force characteristics.

Considering only the elastic characteristics
of the bearings, the non disturbing moving
equations of the mechanical system are 2nd
order differential linear equations decoupled
into four subsystems as follows:

a) side slip motion and rolling rotation

mX +4ky X +4azkxpy =0
{qusy +4a,kyx+4laZk, + agkx)@y o @
b) advance motion and pitching rotation
{ my +4ky y —4azky@y =0 )
Ixiox —4agkyy +4lazky +agk, boy =0
¢) the lift up motion
mZ +4k,;z=0 (4)
d) the swing rotation
3,6, +4(a§kx +a§ky)¢z -0 (5)
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The pulsations of the uncoupled motions The coupling coefficients from the
for each “direction” are: relations (7)+(10) can be calculated with the
next math formulas:
Kx
Px =2,/—- (6a) 4
*“Vm oy = ——agky (13)
m
_o %y 6b) 4
Py = ( (XZ:_Eazky (14)
k
=2 [=2Z 6¢c 4
Pz m (6c) Bl:_aazkx (15)
2 2
agk, +azk 4
Pp, =2 % (6d) Bzz_iaZkX (16)
X

As the motion equations are decoupled and

(6e)  the generalized forces are acting on three
"directions™ only, the differential motion
equations of the forced vibration can be written

(6%) as follows:
my +4kyy —4azkyey = Fg cos wt
The natural pulsations of the coupled Iy —4arkyy +4lak,, + a2k =
motions of the four uncoupled subsystems are XPx zyY ) LY YRRy
done by the following calculus relations: = Ryl sm(wt—cx)
a) side slip motion and rolling rotation mz +4k,z=Fy sin(o)t—(x)

where we used the notations:

2
1l 2 2 ( 2 2 )
= |=| px +p5 - - +4 (7)
PL= 5] P pq’y \/ Px p"’y PPz I :,lyg +22 - the distance between the

= = gravity center G and the perturbation center O;

2
po = 1 pZ + p2 +\/(p)%— p2 ) +4pBy | (8) a=arctan’Q - the phase shift of the
2 Py Py Yo
- N perturbation force F.
b) advance motion and pitching rotation 4 AMPLITUDES OF THE FORCED
> VIBRATION
_ i 2, 2 ( 2 2) (9) The  particular  solution of  the
P2 —J2[Py+ Poy \/ Py = Py, +4ala2} inhomogeneous system (17) describes the

forced vibration of the solid body. The

1 2 P 2 amplitudes of the forced vibration are as
Pg=_|5] Py +P X+ (Py—P(pX) +4a09 (10) follows:

2 ¢
Fo VP
¢) the lift up motion y Zﬁ? (18)
z
K Fo JQ
—p,=2|L 11 = (19)
P5 = P; m (11) A(Px 4k,py R
F
d) the swing rotation A = 0 , (20)

2
> > 4k, 1—(“’)
’a ky +axky Pz
P6 = Py, =2 % (12)

where we used the following notations:

37



FASCICLE XIV

(V)

2
2 2 2
sl e
kz px\Px Px Px Pz kz Px Px
4 2 2 2 2
M e e
Pz kz kg \ px Px Pz kz \Px
2 2
o= kx(az_Zo}Zo(w]Z X [ky o
kz\px pPx) Px\Pz Px | kz pzz

J . . . . .
X _ the inertial radius on direction CX.
m

Px

Figure 4 and fig. 5 show the amplitude
characteristics for the screen with 5m? sieves.
Figure 6 and fig. 7 show the amplitude
characteristics for the screen with 12m? sieves.
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Fig. 4. The variation of the amplitude of the
forced vibration on direction Y
(inertial vibrating screen with 5m? sieves)
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Fig. 5. The variation of the amplitude of the
pitching rotation forced vibration ¢y
(inertial vibrating screen with 5m? sieves)
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Fig. 6. The variation of the amplitude of the
forced vibration on direction Y
(inertial vibrating screen with 12m? sieves)
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Fig. 7. The variation of the amplitude of the

pitching rotation forced vibration ¢y
(inertial vibrating screen with 12m? sieves)

5. CONCLUSIONS
The dynamic analysis of the linear models
of the vibrating screens and the plotted
diagrams of the forced vibration amplitudes
lead to the following conclusions:
a) the optimal technological operating condition
is the post resonance vibrating regime for

»=(3+6)p, where p= max(px,p(py ,pz));

b) the translation vibration becomes more
important than the rotational vibration when the
center of mass C coincides with the center of
perturbation force O.
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