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Design of a rotational type vibration absorber

Disefio de un absorbedor de vibraciones tipo rotacional
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Abstract

Mechanical vibration absorbers are mechanical subsystems
capable of developing an oscillatory movement, which
dynamically compensates for the vibratory motion developed
by a mechanical system of interest, which is affected by an
action that can produce a movement that directly affects it in
a non-desirable way. The system of interest is called the
primary system and the absorber is called the secondary
system. The way in which both systems interact establishes
the conditions in which absorption will take place. Traditional
absorbers are made up of systems coupled by means of an
elastic element, they can also have viscous type coupling and
very complex couplings can be presented by elastic and
viscous type combinations. The objective of the present work
is to design a rotational type vibration absorber, in which the
interaction between both mechanical systems is developed by
contact by rotation without sliding and elastic coupling.
Euler-Lagrange equations are used to obtain the mathematical
model of the system. One of the main characteristics of the
rotary absorber is that the absorber can be designed to achieve
small amplitudes of the displacement of its center of mass,
but large displacements. Results are presented in numerical
simulation.
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Resumen

Los absorbedores de vibraciones mecénicas son subsistemas
mecénicos capaces de desarrollar un movimiento oscilatorio,
gue compensa dinamicamente el movimiento vibratorio que
desarrolla un sistema mecanico de interés, el cual se ve
afectado por una accion que puede producir un movimiento
que incida directamente sobre él de manera no deseada. El
sistema de interés se denomina sistema principal y al
absorbedor se le denomina sistema secundario. La forma en
gue ambos sistemas interactlian establece las condiciones en
las que la absorcién se desarrollard. Los absorbedores
tradicionales se conforman por sistemas acoplados por medio
de un elemento eléstico, también pueden tener acoplamiento
de tipo viscoso y se pueden presentar acoplamientos muy
complejos por combinaciones elasticas y de tipo viscoso. En
el presente trabajo se tiene por objetivo disefiar un absorbedor
de vibraciones tipo rotacional, en el que la interaccion entre
ambos sistemas se desarrolla por contacto por rotacion sin
deslizamiento y acoplamiento elastico. Se utilizan las
ecuaciones de Euler-Lagrange para obtener el modelo
matematico del sistema. Una de las principales caracteristicas
del absorbedor por rotacion, es que el absorbedor puede ser
disefiado para alcanzar pequefias amplitudes del
desplazamiento de su centro de masa, pero grandes
desplazamientos. Se presentan resultados en simulacion
numeérica.
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Introduction

Vibration absorbers are devices designed and
used to reduce the vibratory effects that occur or
act in any system, machine or element thereof,
these vibrations can be harmful due to the
repetitive effect, which can cause failure in
materials or wear in the elements of the
machines.

Carter mentions that the studies on
vibration  absorbers  began  with  the
developments made by Den Hartog, and the
coupling between two masses joined by means
of an elastic device or spring was considered.

One of the later studies was the one
carried out by Roberson, which sought to extend
the bandwidth of the action of the absorber of
this type.

It has also been sought to extend Den
Hartog's results to larger systems, Bulent and
Royston, present the results of their work.

Huang and Lin, present in their study
four types of absorbers in order to improve the
absorption capacity.

Harik and Issa have continued to search
for optimal parameters.

In the present work, an alternative
configuration is proposed that consists of
evaluating the absorption by means of direct
contact by rotation without sliding, which occurs
between two elements of a vibratory system, it
also includes elastic interaction between both
bodies.

The dynamic coupling that exists
between the elements of the vibratory system is
the condition that allows the absorption of
vibrations or the tuned energy exchange, this
means that there is a correlation between the
movement of each body.

For the present case, dynamic coupling
consists of the mutual interaction of
accelerations and displacements, together with
the participation of an element of the system that
allows the dynamic tuning of movements, and
this favors the flow of mechanical energy, which
produces that the actions that are applied directly
to the primary system, indirectly affect the
secondary or absorber system.
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Rotational absorber

Figure 1 shows a diagram that illustrates the
position of each of the elements of the
mechanical system. It is a forced two-degree-of-
freedom system. The excitation is harmonic and
the system has no damping, the primary system
is designated by ms, the absorber is designated
by m.

Fcos ot
m2
K, K,
ml
o) o=

Figure 1 Scheme illustrating the configuration of the
primary system, represented by ml and its absorber,
represented by m;

The movement of the platform or
primary system is of the oscillatory type, there is
an external force that directly affects said
platform, which is of the harmonic type F (t) = F
cos wt, where F represents the magnitude of the
force expressed in Newtons and it is constant.
corresponds to the angular frequency of the
excitation movement, which is expressed in
rad/s. The platform induces an oscillatory
movement to the absorber, which also oscillates,
in this case a rotational oscillation develops. The
objective is to determine the parameters m, and
ko, in such a way that although the force acts
directly on the platform, it moves as little as
possible and the cylinder or disk absorbs all the
movement energy, reducing the movement in the
main system.

Unlike the typical vibration absorber,
defined by two bodies that are joined by means
of a spring, and each body moves with respect to
the same fixed reference, the present system has
the characteristic of establishing couplings
defined by the relative position between them.
bodies, in turn there is also an elastic coupling,
due to the spring ko, which joins both bodies.
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The problem is of particular interest
because because the absorber is of the rotational
type, it is possible to determine many
relationships between m; and ko, but the form of
absorber is very important, because many
rotational absorbers can be established because a
free parameter is the radius r of the cylinder or
absorber. With the above, it is possible to have a
long relative displacement between both bodies,
but a small displacement of the center of mass of
the absorber, the present absorber has the
characteristic of being compact.

Dynamic model of the rotational absorber

In Figure 2, the diagram that identifies the
variables of the movement is presented.

Figure 2 This Figure illustrates the position and velocity
variables of the elements of the mechanical system

The displacement of the cylinder when
rotating is quantified by the relation,

s =10 (1)

On the other hand, the relative movement
between both bodies is quantified with the
relation,

S=Xp—Xq (2)
SO,

6 =222 (3)

r

and drifting in time, it turns out

N Xa—Xy
6 =" (4)

The previous variables are necessary to
determine the kinetic energy T of the system,
that is,

1. 1. 1, (1 (ky—%1)\?
T = Emle + EmZX% +EI (E%) (5)
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Where I represents the moment of inertia
of the disk or cylinder.

The potential energy V of the system is,
_1 2,1 2
V= 5k1X1 + Ekz(xz —Xy) (6)

The Lagrangian L is determined by the
expression, L =T -V, resulting,

L= %mﬂ'(% + %mz)‘(% + %mz(ﬁz — %) — %kle _%kz(xz —xp)? (7)
The Euler-Lagrange equations for this

system, without dissipative terms and with
external excitation are,

iGo) -G =5 ®

) -(E)=0 ©
Where,

T = F(Ox (10)

From this last expression the excitation
term is determined,

ar
Fro F(t) = Fcoswt (11)

By developing the partial and total
derivatives of equations (8) and (9), together
with expression (11), the following dynamic
equations result,

(m1 + %mz) X, — %mzil + (k; + ky)x; — K,%x, = Fcoswt (12)
3 . 1 .
Em2X2 - Emle + kZXZ - k2X1 =0 (13)

4Solution of the system of dynamic equations

In this section the system of dynamic equations
of the primary system and its absorber is solved.

Since the system is excited by a harmonic
function, the following solutions are proposed,

X; = Acoswt (14)
X, = Bcoswt (15)

Where A and B correspond to the
amplitudes of the oscillatory motion of the
primary and secondary system, respectively.
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The second derivatives in time of
equations (14) - (15) are,

%, = —w?Acoswt (16)
%, = —w?Bcoswt (17)

By substituting the equations, from (14)
to (17), in equations (12) - (13), the following
algebraic system of equations results,

((k1 +k,)— (m1 + %mz)mz)A + szmz - kz) B=F (18)
(=2m,w? + kz) B+ (%mzwz - kz)A =0 (19)

The system of equations (18) - (19) can
be written in matrix form, the result is the
following,

1 1
(ky + k) — (m1 + Emz) w? ;mzwz -k,

G-l (20

%mzuoz—k2 —Zm2m2+k2

Although the system of equations is
simple, the solutions are extensive and the
information content is useful in designing the
absorber.

The solution of the system of equations
(20) is as follows,

_ (3m20.)2—2k2)F

A = (1)
B = M (22)
Where

A = (3mym, + my?)w* — (3kym, + 2k,my + 2k,m;)w? + 2k, Kk, (23)
Vibration absorber design

The design of the absorber is carried out from
equation (21), since it is intended that the
amplitude is as low as possible, the dynamic
parameters of the absorber can be chosen for this
purpose. The design in this way is done by
imposing the following condition,

_ (3m2u)2—2k2)F _

A i 0 (24)
Where does it come from,
3m2(1)2 - 2k2 = O (25)
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Since F£0 and o is a known parameter,
which corresponds to the frequency of the
movement that is printed on the primary system.

In this way, we have the following
expression,

T 302

m, (26)

This will reduce the amplitude of the
primary system for the mass m2 previously
determined, and for the excitation frequency
with any arbitrarily proposed value of k2.

Expression (26) defines the tuning
parameters between the primary system and its
absorber.

As mentioned in the introduction of this
work, the tuning parameter corresponds to the
speed of movement of both bodies, so knowing
the value of this parameter, it will be allowed
that before an action on the primary system, the
movement of the absorber compensates said
action with its own movement, reducing the
action on the primary, resulting in a decrease in
the amplitude of its movement.

Equations in state space
The system of dynamic equations (12) - (13) can

be written in the state space according to the
following change of variables,

X1 =YV1,Y1 = Y2,%2 =Y3,Y3 = Ya

0 1 0 0
Y1 3k, + 2Kk, 2k, Y1 3Fcosot
- 0 0
Y2 _ a a Y2 n a
y3 0 0 1 Y3 O
i 2k,m, —k,m, 2k, m, Fcoswt
Ya b 0 - b Oly,

= 2(27)
Where, a = 3mi+mz y b = 3mimz+m?,

This way of expressing the dynamic
system of equations, allows to carry out
numerical simulations to determine the
responses in time, both of the primary system
and its absorber.
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Results in numerical simulations

This section presents the results of the
experiments in numerical simulation of the
vibratory mechanical system. Two cases can be
distinguished. The first corresponds to the
performance of the vibratory system under
general conditions, that is, without determining
the parameters of the absorber or tuning.
Numerical simulations were performed using the
Runge-Kutta-Fehlberg 2/3 method, according to
Véazquez et al.

To illustrate the above, consider the
following numerical values,

mi=1.5kg | my=0.3Kkg | ki =200 N/m
ko = 1000 N/m F=6N| «=210rad/s

Table 1 General parameters of the vibratory mechanical
system

The results are described in the following
figures.

In Figure 3, the development in time of
the primary system is shown, after a certain time,
an approximate permanent amplitude of x1 =
0.3064 m is reached, for the data in Table 1.

X1 (m)
0.6 1
0.3064

N
LT
H U

_0.6 T T T T T 1
0 10 20 30 40 50 60

time (s)

0.4

0.2 ‘

OO _l
-0.2 1

-0.4

Figure 3 Response in time of the primary system for the
data in Table 1, an approximate value of x1 = 0.3064 m is
reached

Figure 4 shows the performance over
time of the secondary system for the parameters
of Table 1, in which the tuning condition is not
considered.
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Figure 4 Absorber time response for the data in Table 1,
an approximate value of x2 = 0.319 m is reached

In this case, it is observed that a sample
of the amplitude reaches a value x2 =0.319 m.

The previous simulations are presented
to observe the performance of the system as a
whole, each subsystem reaches particular values,
however, the tuning condition defines minimum
values of the primary system.

Note the proportion of the displacements
in relation to the magnitude of the applied force.

The evaluation of the amplitudes using
the solutions (21) - (22) for the numerical values
of Table 1, reports the following values: A = -
0.31484 m and B = -0.32473 m, which are
consistent with the results in simulation.

Now the tuning condition defined by
equation (26) is considered, that is, the
calculation of m2 is performed, for the excitation
frequency [J and preserving the value of k2, in
order to preserve the values of the initial
parameters, without However, there is the
possibility to propose some other value
arbitrarily.

The results are shown in the following
Table.

m.= 1.5 kg my= 6.6667 kg | ki =200 N/m
ko =1000N/m | F=6N o =10 rad/s

Table 2 Design parameters of vibration absorber
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Figure 5 shows the performance over
time of the primary system for the values in
Table 2, it is observed that in a period, the
amplitude decreases continuously, an arbitrary
measurement reports a value of x1 = 0.0017 m,
which represents a significant reduction in
relation to the previous general case.

x, (m)

0.015 -
0.010—-
0.005—-
().()()();

0.005 4

0.010A
0.015+

time (s)

Figure 5 Response in time of the primary system for the
data in Table 2, an approximate value of x1 = 0.0017 m is
reached

Figure 6 shows the development in time
of the absorber for the values in Table 2, the
amplitude of its movement is also much smaller
in relation to the general case, however, the
value of the mass is quite high in relation with
the mass in Table 1, but it must be considered
that it was decided to conserve the value of the
spring constant k2. This means that you have the
freedom to also modify the value of said elastic
parameter, which can lead to obtaining smaller
values of the absorber mass.

X, (m)
0.020 4

0.015- o \
M i N "l Il [J | uhf \1
(HIH ,|H|'H“ |

T T T T T T T T T T 1

0 10 20 30 40 50 60
time (s)

Figure 6 Absorber time response for the data in Table 2,
an approximate value of x2 =0.0088 m is reached
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Again, using the expressions that allow
determining the amplitude (21) - (22), the
following results are obtained for the values of
Table 2, A =-6.7500 x 10°%, and B = 0.0089999
m.

The simulation results are also consistent
with the expected values in the case of the
absorber, however, it is important to note that,
from the algebraic point of view, the amplitude
of the primary system should be strictly A =0,
which does not result, as an effect of numerical
calculation.

In each case, the negative sign refers to
the direction of movement, the significant value
being the magnitude.

It is convenient to make a precision
between secondary system and absorber, the
absorber is defined when the secondary system
is determined with the parameters defined by the
tuning condition (26) and presented in Table 2.

The previous results allow us to observe
the decrease in the amplitude of the movement
of the primary system, note that the body does
not stop, it develops an oscillatory movement of
very low amplitude, in turn, the amplitude of the
oscillation of the secondary system is also low in
relation with the overall performance, in this
way it can be confirmed that the rotational
absorber has fulfilled its function.

Note also that the envelope of the graph
of Figure 5 is like the behavior of the damped
movement, considering that the present system
is undamped, in the sense of the way in which
over time, the amplitude of the movement it is
reducing.

Acknowledgments

The authors are grateful for the institutional
support of the Universidad Auténoma
Metropolitana and the Azcapotzalco Unit, in
particular the Division of Basic Sciences and
Engineering and the Department of Energy.

VAZQUEZ-GONZALEZ, Benjamin, JIMENEZ-
RABIELA, Homero and RAMIREZ-CRUZ, José Luis.
Design of a rotational type vibration absorber. Journal of
Mechanical Engineering. 2020



Article

22
Journal of Mechanical Engineering

Conclusions

In this work the parameters of a rotational
vibration absorber have been determined. The
rotational  vibration  absorber has the
characteristic of being compact because the
absorption movement is developed by direct
contact in the main system and its primary
system. Compared to the general performance,
the vibration absorption is significant, a high
value of the absorber mass produces a
considerable reduction in the amplitude of the
primary system, because the mechanical energy
to maintain the movement of the absorber is also
high. From the tuning condition it is possible to
arbitrarily propose parameters that allow the
flow of mechanical energy efficiently. The
rotational vibration absorber still has the
advantage of being able to establish the
dimension of the absorber, because it is possible
to obtain a small body of great mass.
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