Considerations Regarding the Influence of the Mechanical Vibrations
Upon a Dynamic System Used in Tobacco Industry
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Abstract: - The paper analyses, from the point of view of the mechanical vibrations, the apparatus of
transporting and drying of tobacco leaves. The technical literature studies a reduced number of types of
such apparatuses, which are an important component of the technological process of cigarette production.

In the present paper, fundamental knowledge applied to a model of the driving gear and to a model of the
transport system, respectively, of such an apparatus, allows it to obtain some graphical representations,

useful to determine its vibratory behavior.
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1. INTRODUCTION

The apparatus of transporting and drying of
tobacco leaves is an important component of the
technological process of cigarette production. A
version of this apparatus, in agreement with the
literature [6]-[12], is presented in Figure 1.

Figure 1. Apparatus for transporting and drying of
tobacco leaves

2. STUDY MODELS
2.1. THE DRIVING GEAR

In order to study the vibration of the driving gear,
the model in Figure 2 is used, where the engine
(with the mechanical moment of inertia J, ) is acting
upon the driving gear of the apparatus (with the
mechanical moment of inertia J,) by means of a

coupling and of a reduction transmission, whose

moment of inertia is considered included in the
installation one.

Coupling
== Ik

rZJ_,_T_,,_.Pr_iVi_ng_g_eaz _____

| _Engine _

Gear H

- Mg(e) O
Figure 2. Mechanical model
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Figure 3. Forces and couples of inertia

The analysis is made under the assumption that
the moment in the coupling has a linear
characteristic, so that for a rotation of the shaft of the
engine 0,, —0,, the resultant coupling moment is

M:d'(elo_éo)"'c'(elo_eo)a (1
where d represents the damping constant of the

coupling, while c¢ is its elasticity constant, including
the elasticity constant of the shaft.
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By separating the elements of the dynamic
system considered in Figure 2 and by introducing,
according to d’Alemberts principle [1], [2] the
forces and couples of inertia (Fig. 3), the following
equations are obtained,

JO,-M =M,
Jzél"'FG'rz:ME(t) (2)
M+F,-1n=0,

.. .. .
where i=-2 is the transmission ratio of the gear,

7y

while M , is the moment developed by the engine.
Taking into account the engaging conditions

0, = __291 =-i0,, (3)
the rotation angle of the shaft of the engine

¢0=0,+i0,, 4)

as well as a new form of the moment in the shaft of
the engine,

M =—d-(i®,+0,)-c-(i0, +0,), (5)
motion equations (2) can be written in the form
.. M
b~y
J, J, ©)
. M (¢
i, ——M =i ()
JZ JZ

or, by adding these two equations and using relations

(41-5):

1 i’ M, i
O+ —+— | (dp+cp)=—>+—
¢ [Jl JJ( b+co) J, o J,

The following law of variation was considered,
M, (t)=M,, + M, cos(Q), (8)

where M . 1s the amplitude of the harmonic

component of the moment of the driving belt.
Taking into account the static equilibrium
relation for the hole system, M ,, =iM ,, and using

the notations

2 9)
m, = S + L M,, @i, =—M
A Jl J2 A E Jz E >
equation (7) becomes
H+20p+0 Q=m, +i, cos(Q). (10)

In order to solve the differential equation (10),
the method of equivalent linearization is applied,
which allows it to write this equation as

p+o’o=¢ f(0,0.1), (11)

where
s-f((p,('p,t)zmA +m, cos(Qt)—2oc('p. (12)

According to the theory [3], equation (11) is
equivalent with

P+20p+Q0=0Q°C,, (13)
whose periodical solution is of the form
@©=C, + Acos(Qr + D), (14)

for a=0.
The equivalent coefficients are [3]

2n
26 = ﬁ ! fsin(Qr +®)d(Qr)=0

Q= —51 feos(Qt+@)d(Qr)  (15)

27

Cy = [ fdlex),

2t

€

which, taking into account expression (14), lead to
the relations

m, sin® + 2004 =0
m )
Q2=w2_% (16)
m
C, =—=.
0 (1)2

The amplitude A4can be determined from the
first two relations (16),
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A= i , (17)
0)2\/(1—112)2 +4D°n’

where the following notations have been used:

ng nzg.

2

(V) (O]

By replacing the third relation (16), solution (14)
becomes

o= m;‘ + Acos(Qt + D),
Q)

(18)

where A is given by (17), while @ is determined
from the first two relations (16).
Thus, the moment in the shaft is obtained:

M :—(d('p+ccp):—c(i('p+(pj:
‘ (19)

= —c{m—; + A[cos(Qt + CD)— 2Dm sin(Qt + CD)]}
)

Considering the condition of extreme for the
..o dM

moment M , which is d—= 0, for the parameters
t

of the system and for constant values of 4 and n, it
follows:

sin(Qt + (D)+ 2Dn cos(Qt + CD) =0. (20)
For the calculation of the maximum moment
the maximum amplitude 4, is determined

Mmax 4 X
from expression (17), for a certain value of the

ratio 1.

2.2. THE TRANSPORT SYSTEM

A tobacco leaf, placed on the driving system, can
be considered a material point of mass m .
Assuming that the driving gear has a constant

speed M and that the friction force between the

material point and the transport belt ‘ﬂ is constant,

the motion of the tobacco leaf can be studied by
means of the model in Figure 4, where a travel
limiter is mounted, with the elasticity constant &
[4]-[6].

The positions of mass m and of the limiter, with
respect to the fixed point O, are determined by
coordinates x and u, respectively. By means of
these parameters, the motion equation of the
material point are written:

xX>v

-T if x<u,
~T—k(x—u) if x>u, i>v
0 if x<u+T/k,
T if x<u,

T—k(x—u) if x>u, x<v.

mx = xX=v (21)

x<v

Figure 4. Model for the motion of the tobacco leaf

The general solution of this differential equation
is

x= (22)
—%fl2+1(lt+K2 if x<u, xX>v
. T . )
KSSln((ot)+K4cos((ot)+u—; if x>u, x>v
=svt+ K, if x<u+T/k, x=v
%Tr2+Klt+K2 if x<u, X<v
. T . .
K3s1n(wt)+K4cos(cot)+u+; if x>u, x<v,
where
~ T
T'=—, (23)
m
[k
0=—, (24)
m

while K, (i =1,2.....,9) are integration constants.

At the same time, the results corresponding to the
fixed limiter can be determined by establishing the
limit conditions for the solutions obtained for the
elastic limiter.

The study in the phase plane is made by
introducing a new variable, y =x. The following

trajectories are obtained:
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yZ:—ZTx+KIZ+21N"K2 if x<u, y>v
2
T ’ .
{—(u—ﬂ +y—2=K32+Kf if x>u, y>v
k ®
, (25)
yv=v if xsu+T/k, y=v
)}2:2T)C+K82—2TK7 if x<u, y<v
2
T ’ ,
{ - u+ﬂ -I—y—2=K82+K92 if x>u, y<v.
k ®
For the initial conditions x=x,<u and

y =y, >V, the representative point moves first on a
parabola, determined by x <u and y > v, resulting
the following possibilities:

1). The parabola (x<u,y>v) intersects the
straight line y =v for x <u,

-on the straight line

T
u+—,v|;
( k ]

- next, on the ellipse (x>u, y<v) till the

y=v till the point

2
intersection point (u, — vz—k—) with the
m

2
straight line x =u (for & >T—2 );
my

- next, on the parabola (x<u,y<v), till the
2

oint (u, /v’ ——);
point ( km)

- next, on the same ellipse (x >u, y <v), till the
. . . T
intersection point (u + ; , V),

- next, the motion reproduces periodically.

2

Remark: If the condition &> is not

2
my

fulfilled, the point moves on the same ellipse, which,
however, does not intersect the straight line x =u .

2). The parabola (x<u,y>v) intersects the
straight line x =u for y > v,
-on the straight line x=wu, till the point
(u, v, > v);
- next, on the ellipse (x>u, y>v), for which

. . v T
the integration constants K, =—, K, = ; are
®

determined  with  the initial conditions
x(O): u, y(O): v,; if the trajectory intersects the

. . T .
straight line y=v for x<u+ e the point

moves on a straight line, till the intersection

. T D ..
point (u +;,Vj , after which it moves similar

to the first case;
- next, on the ellipse (x>u, y<v), for which

the integration constants K,=—,

K, =x - [u +%) are determined with the

initial conditions x(0)=x,,1(0)=v; if the
trajectory intersects the straight line y =v in the

point of abscissa

T? +mlv} —v* T
— >+, the
k k
representative point moves on an ellipse
(x>u, y<v), till the intersection point

X, =u——+
k

2 2 1
(l/l, = =— Z—L-F 7+2—2—25L2)'
Y=y Vst lC iy )M]
3). On the parabola (x<wu,y<v), till the
intersection point with the straight line y = v,
- next, on this straight line till the point of abscissa

T
u+—,v|;
oe)

- next, the motion reproduces like in the first case.

For the initial conditions x=x, <u,y=y, <v

the representative point moves on the parabola
(x<u,y<v) and the study of the motion is

identical with the first case.

Figure 5. Phase plane - qualitative representation

The motion on the ellipse (x > u, y <v) lasts
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. (26)
0, I
v, +—
km
while on the ellipse (x >u, y<v),
=" (27)
P VK
—T(x, —u —£j+v km\/(x1 —u —ij —(ij + m’
k k k k
-arccos 5
k|:x, - [a + Zﬂ +mv?
k
The results presented above are illustrated

qualitatively in Figure 5.

3. NUMERICAL STUDY AND
INTERPRETATION OF THE RESULTS

The numerical data necessary for the analysis are
considered according to the literature [2], [6]-[12]:

M,=320N-m, M, =40N-m, i=2,
J,=0.75kg-m*, J, =2kg-m?,
d=1N-m-s, c=5-10° N-m.

The following values have been obtained:

a=1.6667, ©®=129.0994, m, =1066.6667,
m, =80, n=0.01291,

A =0.1859, for n=0.99992, =1251N-m

Mmax
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Figure 6. Variation of @ function
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Figure 7. Variation of M function
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Figure 8. Phase plane - numerical representation

The results are illustrated in Figures 6-8.

4. CONCLUSIONS

The analysis of an apparatus of tobacco leaves
transporting and drying has been developed by
means of two study models that allow it to highlight
the characteristic vibratory phenomena, from the
perspective of the mechanical vibration theory.

The present study shows an analysis model of the
influence of the mechanical vibrations upon the
adopted dynamic system, without exhausting the
various and complex problems raised by the
research.

By applying the methods available in the
literature to the considered analysis models,
variation diagrams of some relevant parameters, as
well as a phase plane diagram have been obtained.

The results lead to important remarks regarding
the various vibratory domains, during the time
evolution.

The present research allows it, both for the design
stage and for the activity one, to identify the
domains non-suited for the running and to choose
the conditions favorable to the reliability of the
apparatus, to the fulfillment of the technical and
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economical parameters, as well as to the compliance
with the environmental norms, as they are stated by
the law in force.
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