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Abstract: In this paper is studied a vibratory conveyor that is placed on an elastic base. Using the Lagrange equation
method it was determined the system that needs to be solved to obtain graphical representation for the generalized
coordinates determining the position of the mechanical system elements. Developing a C program in which is used the
Runge —Kutta and Gauss methods were obtained the numerical results of these coordinates.
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1. INTRODUCTION

The vibratory conveyors machines are used
to transport different types of materials
consuming reduced quantity of energy.

These machines have the following
components: cradle, trough, elastic elements
and the driven mechanism.

The free vibration movement of the
mechanical system corresponding to the
vibratory conveyor with an elastic bar will be
studied.

In figure 1 is presented a vibratory conveyor
actuated inertial that is placed on a base
sustained with elastic elements that in our case
are helical springs.
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I
The trough is linked with the base with
elastic beams.
In figure 2 is presented the mechanical

system corresponding to the studied vibratory
conveyor.

Fig.2

2. THEORETICAL DEVELOPMENT

The study of the vibratory conveyor placed
on an elastic base was performed. As
generalized coordinates the parameters xj, yi, B
and s (figure 2) were considered.

The mass center coordinates x, and y, were
calculated with respect of generalized
coordinates.

To establish the simultaneous differential
equations corresponding to mechanical system
movements the Lagrange equation method will
be used [1] [3] [4] [6] [9]-
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were L is the Lagrange function, L=E. - E,,.
The trough center mass coordinates are:
X, =X, — Lsin(oc + B)—scos(oc + B)
y, =y, + Lcos(a +B)—ssin(o+B) 2)
and it’s derivatives
X, =%, — LBcos(a + B)—s$cos(a +B)

+sfsin(o + p)
v, =Y, —LBsin(a+B)—ésin(a +[3) 3)
—sBcos(a +B)
The kinetic and potential energy of
mechanical system are:
1 S22 | R
E, =— ~]
¢ 2m1(X1+Y1)+2 B+ (4)
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were:
-X,,X,,Y;,Y,— are the center of mass

coordinates related to the trough and to the
cradle;
- B — angle of inclination of the trough;
- s — lamellar spring deformation;
- m, - trough mass;
- J, -moment of inertia of the trough;
- m, - cradle mass;
- J, - moment of inertia of the cradle;
- k - elasticity constant of the lamellar spring;
- k- elasticity constant of the helical spring on
X axis;
- k, - elasticity constant of the helical spring
ony axis;
The Lagrange function has the following
expression:

1 (., . 1., 1 (., .
L=E -E, =§ml(xf +yf)+§Jl[32 +§mz(x§ +y§)
1 22 1 2 1 2 202 1 §
+§J2B _Ekxxl ‘4ky(}ﬁz +X) +ap )_Ek

Introducing the values of x,,X,,y,andy,
in Lagrange function expression, results:

1 2 1.
LZEITII(XI2 +y12)+EJIBZ
+%m2(>‘<12 +LB% +57 +sp* —2%,BL cos(a +B)
—2%,$cos(a +B)+ 2% Bssin(o + ) )
+¥; —2y,BLsin(a+pB)-2y $sin(o+p)-

2y,Bscos(o+B)+ 2['3éL)+%J2['32 —%kxxf

1 1
_Zky(ylz +X12 +aZBZ)—EkSZ

To obtain the final form of the
Lagrange equations the partial derivative with
respect of generalized coordinates and
generalized speeds are calculated followed by
the derivatives with respect of time.
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dt(@i(l}:m' X, +m,[X, —B-L-cos(@+)+

B2 -L-sin(a+p)—§-cos© +P)+5-B-sin(a+p) +

B-§-sin(+P)+p> -s-cos@+p)]

d| OL . T
a(a} =m, -y, +m,[y, —BLsin(a +f) -

B>L cos(a + B) — §sin(a + B) — $Pcos(a + p) —
Bscos(o + B) + B2ssin(a + B)]

d|oL s
a(ﬁ}=mz[LB+sB+sB—x,Lcos(oc+[3)+
XIBLsin(oc+B)+5&1ésin((x+B)+XlsBcos(ochB)
—‘ylLsin(oc+B)—leLcos(oc+B)—'}'/1écos(0L+
+B) +¥,sPsin(a +B) +5L]+ (J, +7,)B

4 a_; =m,[§ — X, cos(o+ B) + X, Bsin(o +
dt\ os

+B)— ¥, sin(a+B) — y,Bos(a + ) + BL]

According to equation (1) the Lagrange
differential equations are:



A ¥ +B -y, +C, -B+D,-§=E,
A, -¥ +B, -y, +C, j)f+Dz §=E, ®)
Ay % +By-y,+Cy-f+Dy-5=E,
A, % +B, -y, +C,-f+D,-§=E,
were:
A, =m, +m,
B, =0
C, =-m, -Lcos(a+B)+m, -Ssin(a + )

D, =—m, -cos(a+ )

E, =-m, -B - Lsin(o + B) —m, -§ - Bsin(a + p)
—m, -B* -scos(a +P)] -k, -x, -k, -,
A, =0

B, =m, +m,
C, =-m, -Lsin(a. +p) —m, -scos(a +3)
D, =-m, sin(a +f3)

E,=m, -Bz -Lcos(a +B) + m, 'é-Bcos(a+B)

52
—-m, -

-ssin(a+B) -k, -y,

A, =—m, -Lcos(a+p)+m, -ssin(a +f3)

B, =—m, -Lsin(a+f)—m, -scos(a +f3)

C,=J,+J,+m, s’ +m, L’
D,=m, L’

E,=
_m2

_m2

—m, - X, -B - Lsin(o + )
%, -s-Bcos(o+P)+m, -y, -B-Lcos(a + )

-y, -s-Psin(a+P) +m, - X, - B> - Lsin(a +B)

+m, - X, -§-Bsin(a+p)+m, - X, -B>scos(a + p)

-m, -y, -p -Lcos(ochB)—m2 -y, -§-Bcos(o + B)
. k

+m, -y, B ossin(a+ Bl -—--a’ B

A, =—m, cos(at+3)

B, =—m, sin(a +f)

C,=m,-L

D, =m,

E,=+m, -s-B’ —k-s

The system (8) composed of four differential
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derivatives of generalized coordinates, with
respect of time
X, =F (XI’YI’B’S’XHYUB’é)
yl =F2(XI’YI’B’S’X1’YI’B’é) )

B=F3(X1,y1,B,S,Xl,yl,[3,$)

§= F4(X1,yl,B,S,X1,y1,B,é)
Starting from differential equation (9) and
notingX, =z,,X, =2,,y, =2;,¥, =2,,p =25,

B=z,,5=z,
simultaneous differential equation each of them
of first order. The obtained system of
differential equation is solved step by step
using the numerical method Runge-Kutta [5]

[6].

and s=z, will result eight

3. NUMERICAL RESULTS

After the numerical solving of first order
system of  differential  equations  the
displacements and speeds corresponding to the
generalized coordinates were determined.

In the following figures 3, 4 and 5 some
results are presented.
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Fig.3 The variation of parameter x; depending on time t
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equations of second order will be solved
determining the expression of second order
derivates xl,yl,B ands using the Gauss
method for linear equation solving. As results
were obtained four differential equations, each
of them containing only one second order

Fig.4 The variation of parameter y, depending on time t.
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Fig.5 The variation of parameter § depending on time t.

4. CONCLUSIONS

Using Lagrange equations method was
established the system of differential equations
modeling the movements of the mechanical
system.

The obtained differential system, after some
transformation was numerically solved with
Runge-Kutta method. The obtained results in
case of free vibration were presented in figure
3,4 and 5.
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CONTRIBUTII LA STUDIUL UNUI VIBROTRANSPORTOR ASEZAT PE O FUNDATIE ELASTICA

Rezumat: In cadrul acestui articol s-a studiat un vibrotransportor situat pe o fundatie elasticd. Folosind metoda
ecuatilor lui Lagrange s-a determinat sistemul ce trebuie rezolvat. In urma realizarii unui program in limbajul C, in
care s-a folosit metoda lui Gauss si Runge-Kutta s-au obtinut rezultatele numerice privind variatia coordonatelor
generalizate.
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