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ABSTRACT

In the paper a method for achieving the total static balancing of a linkage with two
independent loops is presented. There are also analyzed two solutions for partial static
balancing of the studied linkage. Finally, a series of results of the simulations performed
in the studied balancing cases are given.
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INTRODUCTION

The dynamic analysis of the mechanisms used in various applications, many of them
even in the oil field, is a subject of study that is always up to date [1-7]. The problems
that need to be solved in this case are generally of great complexity and have as aim
finding of optimal solutions for the functioning of the mechanisms [8-14]. An important
aspect related to the dynamics of the mechanisms is that of their balancing. This paper
analyzes the static balancing of a linkage with two independent loops (Figure 1). First, a
total static balancing solution of the linkage is presented and then two partial static
balancing solutions are analyzed.

777 | - - 777

Figure 1. Linkage with two independent loops
THEORETICAL CONSIDERATIONS AND SIMULATION RESULTS

The graph associated [15] to the analyzed linkage is represented in figure 2 and it
highlights the two independent loops: 0-7-2-3-0 and 0-3-4-5-0.
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Figure 2. The graph associated to the analyzed linkage
By projecting the vector equations: OA+AB+BC+CO=0 and CD+DE+EC=0

(Figure 1) corresponding to the component loops: 0-7/-2-3-0 and 0-3-4-5-0 on the x and
y axes, the following systems of equations are obtained:

l,-cosp, +1,-cose, +1;-cosp,—1, =0

[ s . . (1)
-sing, + 1, -sing, +1; -singp; =0

Ly, -cos@y, +1,-cosp, —s; =0 )
L, -sing, +1,-sinp, =0

where: [, =04, l,=4B, ,=BC, ,=CO, ,,=CD, I, =DE and ¢,, =, — 7.
By solving these systems of equations, the angles ¢,, @,, ¢, and the displacement s
may be calculated with the next relations:
4, -cos@, + B, -singp, = C, ()
where:
A, =2-1-1,-cosp,—2-1,-1,
B, =2-1-1,-sing, 4
C,=0-1'-0~1+21,-1 -cos ¢,

0, = ATANZ[_IL(II -sing, +1, -sin (pz),—ll(l1 -cos@, +1,-cose, —lo)j (5)

3 3
where ATAN2(y,x) calculates arctan(y/x) by taking into account the signs of x and y.
L,
sing, = —%-sin @, (6)
I
sy ==, cosg; +1,-cosg, (7)

The angular speeds ,;,j=23,4 and the angular acceleration &,;j=23,4 are
calculated with the relations:

_ do, do .dqoj

;=234 )
de,

&3
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do, N dz(pj

do, d(”lz

£ =0 =¢- ‘@ j =234 9)

J J

where @, is the angular speed of the crank / and & is its angular acceleration.

Once the angles ¢,,p, and ¢, established, the coordinates of any point on the linkage

can be determined. The projections on the x and y axes of the speed and of the
acceleration of any point P belonging to the component elements of the linkage may be
calculated by deriving in relation to time its coordinates:

(VP)X:)'CP:%.%:@.% (10)
dep, dt de,
(vp)y:jzpzcb}—”-%:a)l-cb}—” (11)
de, dt de,
2
(aP)x:xP:gl'jx_P"'(:lxg'a)lz (12)
2 2
.. d d?
(aP)y =Vp =& 'dy_(:"‘ d;)/; -0} (13)
1 1

The static balancing of the mechanisms aims to reduce the value of the resultant of all
inertia forces acting on the component elements. This leads to the reduction of the level
of vibrations and shocks during operation and to the reduction of the wear of the
connecting joints between the elements. On the other hand, static balancing is achieved
by mounting balancing masses in the extension of the elements of the mechanisms,
which leads to an increase in their gauge. Therefore, the solutions of partial static
balancing of the mechanisms that lead to the significant reduction of the values of the
inertia forces in the conditions of an insignificant increase of the gauge are indicated.

A solution for total static balancing of the linkage is presented in Figure 3, when the
resultant of all the inertia forces acting on the component elements is cancelled. A
model with concentrated masses [16] was used in which:

Mo =My
m,=m, +nm,,

Mg =M,y + My

(14)

where: m, 1is the mass of the piston 5 and by considering that the mass centres
C Iy =1,2,3,4, are at the middle of the corresponding elements it results that the

concentrated masses m,, and m,, are equal to half of the mass m, of element /, m,,
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and m,, are equal to half of the mass m, of element 2, m,, and m,. are equal to half
of the mass m, of element 3 and m,, and m,, are equal to half of the mass m, of
element 4.

For the total static balancing of the linkage, the balancing mass m,, was first added in
the extension of the element 4 so that:

My Vg =My -1, (15)
From equation (15) the balancing mass m,, and the length of its arm 7,, are calculated
by imposing the value of one of the two unknowns.

By neglecting the mass of the arm of length r,,, it results that in point D a mass equal to

M, =m, +m,+m, is now concentrated.

Figure 3. Solution for total static balancing of the analyzed linkage

Then, the balancing mass m,, is added in the extension of the rocker arm 3 so that:
mEz'rEzsz'l3+MD'l3p (16)

The balancing mass m,, and the length of its arm r,, are calculated in the same way,
by imposing the value of one of them. Neglecting the mass of the arm of length 7., , it
results that in point C is now concentrated a mass equal to M. =m ., + M , +m,.

Finally, the balancing mass m,, in the extension of the crank 7 is added, so that:
MpyTgy =M, -1, (17)

After setting the values for m,, and r,, by imposing the value of one of them in
equation (17), it results (by neglecting the mass of the arm of length 7,,) that in point O

1s concentrated a mass equal to M, =m,, +m,+m,.

A computer program that simulates the functioning of the linkage has been realized
using Maple programming environment. It was considered that the elements of the
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linkage are made of bars of aluminium having the following radii: 0.02 m for the crank
1, 0.025 m for the elements 2 and 3 and 0.03 m for the element 4. The mass of the

piston 5 is of 3.5 kg. The angular speed of the crank @, is equal to 20 rad/s.

The following dimensions of the component elements of the linkage has been
considered: /, =0.2m; [, =0.5m; [; =0.55m, [, =0.6m, /;,, =0.2m and /, =0.8m.

In the case of the total static balancing of the analyzed linkage, the lengths of the arms
of the balancing masses has been imposed in the following way: r, =0.4-1/,,

r,, =0.4-1, and r,, =0.8-/. The balancing masses have resulted with the following
values: m,, =16.384 kg, m,, =30.586 kg and m,, =2.08 kg .

Due to the increase of the mechanism gauge, especially by adding the balancing mass
m,, and due to the high values of the balancing masses m,, and m,,, partial balancing
solutions were sought.

Figure 4 shows a first partial balancing solution in which the balancing mass m,, was
abandoned, keeping the balancing masses m,, and m,,. In this case, by keeping the
lengths of the arms of these balancing masses r,, =04-/; and r, =0.8-/,
my, =9.734kg has been obtained.

Figure 4. First solution for partial static balancing of the analyzed linkage
In Figure 5 it is presented a second partial balancing solution in which the balancing
mass m,, is supplemented with the mass m,, whose expression is: m, =my-l;, /1,,

so that the horizontal component of the inertia force developed by it balances the first
harmonic of the inertia force developed by the mass m, [16].

Figure 5. Second solution for partial static balancing of the analyzed linkage
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In Figure 6 it is presented the variation on a cinematic cycle of the total inertia force F,, , in the

itot

case when the linkage is unbalanced (curve /) and when it is partial balanced (curve 2 for the
first solution of partial balancing and curve 3 when is added the mass m,, ). The total inertia

force F;,, has been calculated by considering its projections on the x and y axes with the

S - 2 2 .
relation: F,, = ./ F,,. + F,,, , where:

ltotx - Zm (aC/

(18)
Figy = Zm (ag),

when the linkage is unbalanced, and:

Fiow = Zm (aCj)x _(mEZ Qg T My 'aE3x)

(19)
ltoty zm (aC/)y_(mEZ .aE2y+mE3 .aE3y)
ttotx - Zm (aC/)x _((mE2 +mEs).aE2x+mE3 .aE3x)

(20)
Fiop = Zm (aCj)y_((mEz"'mEs)'aEzy+m53 'aEsy)

for the two cases of partial balancing. In relations (18), (19) and (20), a, represents the

acceleration of the mass centre C, of the element j and a,, and a,, represent the

accelerations of the points where the corresponding balancing masses are concentrated.
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Figure 6. The variation on a cinematic cycle of the total inertia force F,,

in the case when the linkage is unbalanced (curve 1) and when it is
partially balanced (curves 2 and 3)
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CONCLUSIONS

In the paper a method for achieving the total static balancing of a linkage with two
independent loops has been presented. There has also been presented two solutions for
partial static balancing of the analysed linkage. The results of the simulations showed a
significant decrease in the value of the resultant of the inertia forces in the two cases of
partial static balancing, especially in the case when the balancing mass m,, has been

supplemented with the mass m, (Figure 5). Taking into account the important

reduction of the mechanism gauge in the two cases of partial balancing compared to the
case of total static balancing, it results that from a practical point of view it is more
indicated to use the two analysed partial balancing configurations.
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