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Abstract

The present contribution deals with the optimal tuning of two different types of dynamic vibration absorbers (DVA) by using ant
colony optimization, namely the vibrating blade DVA and the multi-mode DVA. Dynamic vibration absorbers are mechanical append-
ages constituted by mass, spring and damping elements, which are coupled to a mechanical system to provide vibration attenuation. The
tuning of the dynamic vibration absorber is the procedure that sets the anti-resonance frequency to a given value by adjusting the param-
eters of the dynamic vibration absorber. Based on this methodology, the optimization problem is defined as the minimization of the
objective function that describes the vibration amplitude of the primary structure. To solve the optimization problem, ant colony opti-
mization was used. In the early nineties, when the Ant Colony algorithm was first proposed, it was used as an alternative approach for
the solution of combinatorial optimization problems, such as the traveling salesman problem. However, the extension for operating with
continuous variables is recent and this feature is still under development. In the present formulation, the optimization technique was
extended to handle continuous design variables. Numerical results are reported, aiming at illustrating the success of using the proposed
methodology, as applied to mechanical system design.
� 2007 Elsevier Ltd. All rights reserved.

Keywords: Dynamic vibration absorbers; Design optimization; Nature-inspired algorithms; Ant colony optimization; Finite element modeling; Opti-
mization Toolbox
1. Introduction

Noise and vibration suppression techniques allow the
construction of more accurate medical instruments, safer
buildings, more pleasant environments and more robust
products. Physically, the first effect of damping in a struc-
ture is the reduction of vibration amplitudes, particularly
in the neighborhood of resonance. In this context, passive,
active or hybrid vibration control approaches can be used
to obtain damping and vibration control. Actuators, power
supplies and control systems characterize the active tech-
niques. In passive techniques, however, power supplies
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and control systems are suppressed and the energy conver-
sion mechanisms are explored for vibration reduction
purposes.

According to [1], dynamic vibration absorbers (DVAs)
are mechanical appendages comprising inertia, stiffness
and damping elements, which, once connected to a given
structure or machine (primary structure), are capable of
absorbing the vibratory energy at the connecting point.
Consequently, the primary structure can be protected from
high vibration levels. As an example of application, the so-
called Stockbridge damper can be cited as a device used to
reduce wind-induced vibrations in power transmission
lines.

Due to their technological relevance both in the aca-
demic and industrial domains, DVAs represent a subject
of permanent interest. Several authors have investigated
different approaches for the tuning of DVA parameters
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Table 1
Nature versus ACO

Nature ACO

Possible paths between
the nest and food

Set of possible solution (vector of design
variables)

Shortest path Optimal solution
Pheromone communication

in action
Optimization procedure
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by using either time or frequency domain-based perfor-
mance indexes [2]. Den Hartog [3] presents the response
curves for a single degree-of-freedom undamped primary
structure. The effect of damping included in the primary
structure and its influence on the optimum absorber
parameters are investigated by Warburton and Ayorinde
in [4]. More recently, a set of smart material-based vibra-
tion dampers have been used in a number of applications
for vibration attenuation. The design of such vibration
reduction devices uses different optimization techniques
for obtaining the optimal system configuration over a given
frequency band. This is the case for viscoelastic [5,6] and
shunted piezoelectric [7,8] approaches.

The present work presents two main contributions. The
first one is concerned with the optimal design of two special
configurations of DVAs, namely the vibrating blade
dynamic vibration absorber (VBDVA) and the multi-mode
dynamic vibration absorber (MMDVA). For both cases,
the optimal design cannot be obtained directly by using
closed-form solutions, as in the case of the single mass-
spring-damper system [9,10]. Thus, the most effective strat-
egy should treat the design as an optimization problem, as
presented in [1,2]. The second contribution is the use of the
extended continuous version of the optimization technique
named ant colony optimization (ACO) in the design of a
mechanical system. ACO was introduced by Marco Dorigo
in his doctoral thesis in 1992 [11] as a probabilistic tech-
nique for solving computational problems, which can be
reduced to find good paths through graphs. This popula-
tion-based technique is inspired in the behavior of real ants
and their communication scheme by using pheromone trail.
ACO has attracted much attention from the research com-
munity mainly due its efficiency in solving combinatorial
optimization problems, such as the traveling salesman
problem [12] and the routing problem in a computer net-
work [13,14]. Nevertheless, the expansion to continuous
variables is recent [15,16] and it is seen as a new develop-
ment in the history of ACO.

In summary, the design strategy embraces the use of nat-
ure-inspired optimization and the finite element modeling
of the system. The choice of the optimization strategy used
in the present contribution has to do with two major
aspects: first, the authors aimed at testing ACO in real
world applications, and second it was desirable to take
advantage of the robustness found in heuristic optimiza-
tion techniques to handle the two design cases addressed.

In the remainder, an overview regarding the formulation
of DVAs is presented and the ACO algorithm for continu-
ous variables is discussed. Numerical results are reported,
illustrating the success of using the methodology presented,
as applied to the design of two different configurations of
dynamic vibration absorbers [17,18].

2. Ant colony optimization

Even though most of general-purpose optimization soft-
ware used in industrial applications makes use of gradient-
based algorithms [19], nowadays nature-inspired probabi-
listic search have attracted attention from the research
community. In spite of the heavy computational effort,
when compared to gradient-based techniques, these meth-
ods have several advantages, such as the easiness to code,
the efficiency in making use of parallel computing architec-
tures, the ability to overcome numerical convergence diffi-
culties and the capability of dealing with discrete and
continuous variables simultaneously.

ACO is inspired in the behavior of real ants and their
communication scheme by using pheromone trail [11]. A
moving ant lays some pheromone on the ground, thus
marking the path. The collective behavior that emerges
from the participating agents is a form of positive feedback
where the more the ants following a trail, the more attrac-
tive that trail becomes for being followed.

When searching for food, real ants start moving ran-
domly, and upon finding food they return to their colony
while laying down pheromone trails [15]. This means that
if other ants find such a path, they return and reinforce
it. However, over time the pheromone trail starts to evap-
orate, thus reducing its attractive strength. When a short
and a long path are compared, it is easy to see that a short
path gets marched over faster and thus the pheromone den-
sity remains high. Thus, if one ant finds a short path (from
the optimization point of view, it means a good solution)
when marching from the colony to a food source, other
ants are more likely to follow that path, and positive feed-
back eventually encourages all the ants in following the
same single path. ACO follows some basic concepts, as pre-
sented below [15]:

• A search performed by a population of ants, i.e., by sim-
ple independent agents.

• Incremental construction of solutions.
• Probabilistic choice of solution components based on

stigmergic information of pheromone. A stigmergic pro-
cess is the process through which the results of a worker
insect’s activity act as a stimulus to further activities.

• No direct communication between ants.

A comparison between what happens in nature and what is
similar in the ACO algorithm can be viewed in Table 1.

The inspiration behind ACO is to mimic this behavior
by using artificial ants. The outline of a basic ACO algo-
rithm is presented in Fig. 1.



Create an initial colony, randomly distributed 
throughout the design space (other distributions 

can be performed)

Evaluate the objective function and take it as a 
path length measure of each ant

Update the value of the design variables for the 
whole colony (which mimics path between the 

nest and the food source)

Update the pheromone trail

No YesStop criterion

Results

Define the ACO parameters (colony size, initial 
pheromone trail, dissolving rate)

Fig. 1. ACO basic algorithm.
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The question that arises is how ACO (first used to solve
combinatorial problems) can deal with continuous vari-
ables. A possible answer to this question would be the con-
version of the continuous optimization problem into a
discrete one as proposed in the past by Monmarché et al.
[20]. Instead, the present continuous version extends
ACO in order to work directly with continuous variables.

This way, the first point that has to be taken into
account is how the colony is represented. Following the
idea of directly using continuous variables, a colony of m

ants can be expressed as a m · n matrix C¼
½ x1 x2 . . . xm �T, where x¼ ½ x1 x2 . . . xn �T is a vec-
tor of n design variables that corresponds to a single ant.

The second point is how to model the pheromone com-
munication scheme. The continuous version of ACO mod-
els the pheromone trail as an amount of pheromone laid on
the path. As suggested by Socha in [15] and Pourtakdoust
and Nobahari in [16], for the continuous model implemen-
tation this can be achieved by using a normal probability
distribution function (PDF). In this formulation, for the
dimension i of the design space, the pheromone trail, si,
can be described as follows:

siðxÞ ¼ e
�
ðx�x�

i
Þ2

2r2
i ð1Þ

where x�i is the ith coordinate of the best point found by the
optimization task within the design space until the current
iteration and ri is an index related to the ants aggregation
around the current minimum for the ith coordinate of the
design space.

To close the definition of pheromone, s, the aggregation
index, ri, must be defined. Thus, by taking y as the ith col-
umn of the colony matrix C, the aggregation index for the
ith dimension, ri, is given by

ri ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

m� 1

Xm

j¼1

ðyj � �yÞ

vuut ð2Þ

where �y is the mean value of the vector y.
It is worth making some observations about the updat-

ing process of the values of each design variable for all ants
of the colony. This is the process in which, for a given iter-
ation, each ant sets the values for the trial solution based
on the probability distribution given by Eq. (1). Computa-
tionally, this can be achieved through a random number
generator based on a normal PDF that plays the role of
a variable transition (update) rule to choose the next design
variable value associated with each ant. From Eq. (1), it
can be noticed that each variable uses a different random
number generator together with its respective PDF.

About the pheromone scheme, it is possible to see that
the concentration of pheromone increases in the area of
the candidate to the optimum. This approach (also called
as positive update) reinforces the probability of the choices
that lead to good solutions. However, for avoiding prema-
ture convergence, negative update procedures are not dis-
carded, as described in [15]. In this work, a simple
method to perform negative update is used: dissolving of
the pheromone. The idea of this scheme is to spread the
amount of pheromone by changing the current standard
deviation (for each variable) according to the following
equation:

rnew ¼ crold ð3Þ
where c > 1 is the dissolving rate.

Finally, to initialize the algorithm:

• xmin is randomly chosen within the design space using a
uniform PDF;

• r is taken as being three times greater than the length of
the search interval.

An important aspect to point out is that parameters
such as the number of ants and the maximum number of
iterations can really improve the quality of the final results
achieved by ACO, but can also increase the computational
effort of the optimization task. This is not true for the evap-
oration rate, which affects the rate of convergence of the
algorithm and thus is more related to the exploration capa-
bility of the ACO.

3. Dynamic vibration absorber – an overview

DVAs are systems constituted by mass, spring and
damping elements (secondary structure), which are coupled
with a mechanical system (primary structure) in order to
attenuate the vibrations of the primary structure in a given
frequency band [1,3,9]. The main idea behind the DVA is
the generation of a force, which has the same intensity of



Fig. 3. Vibration amplitudes for the primary structure with and without
DVA.
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Fig. 4. Undamped primary structure and damped DVA.
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the excitation force but in the opposite phase. This phe-
nomenon is known as anti-resonance. The tuning of the
DVA is the procedure that sets the anti-resonance fre-
quency to a given value by changing the DVA parameters
(mass, spring and damping values).

As introduction to the study of the DVA, consider the
vibrating system characterized by a two degree-of-freedom
(d.o.f.) structure, composed by an undamped primary
structure (m1 and k1) and a undamped secondary structure,
which is the DVA, (m2 and k2), as illustrated in Fig. 2.

The equations of motion for the system are given by

m1€x1ðtÞ þ k1 _x1ðtÞ þ k2ðx1ðtÞ � x2ðtÞÞ ¼ P 0 sinðxtÞ
m2€x2ðtÞ þ k2ðx2ðtÞ � x1ðtÞÞ ¼ 0

ð4Þ

From Eq. (4) it is possible to obtain the non-dimensional
equation for the frequency response function (FRF) that
relates the vibration amplitude, H, of mass m1 [1,3]:

HðgÞ ¼ 1� g2

ð1� g2Þð1� g2 þ lÞ � l
ð5Þ

where

• g = x/x2 is the non-dimensional frequency,
• x is the frequency of the force excitation F,
• x2 ¼

ffiffiffiffiffiffiffiffiffiffiffiffi
k2=m2

p
is the natural frequency of the DVA, and

• l = m2/m1 is the relation between the mass of the DVA
and the mass of the system.

According to Eq. (5), the vibration amplitude for the
primary structure is zero when the numerator 1 � g2 is
equal to zero, which happens when the frequency of the
excitation force equals the natural frequency of the DVA.

Fig. 3 illustrates the vibration amplitudes for the pri-
mary structure with and without a DVA. For the system
with DVA, l was taken as 0.1. Fig. 3 also shows how
FRF of the system is changed due the attachment of the
DVA, see Eq. (5). It is worth mentioning that as a non-
damped two d.o.f. system, the primary structure + DVA
has two natural frequencies. Consequently, as can be seen
in Fig. 3, when aiming at the attenuation of the vibration
level of the primary structure, the designer should consider
the frequency band between the points P and Q.

Now, the vibrating system characterized by a two d.o.f.
structure, composed by an undamped primary structure
(m1,k1) and a damped secondary structure (the DVA),
(m2, k2 and c2) is considered, as illustrated in Fig. 4.
m2

m1

k2

x2

x

1

DVA

Primary
structure

F
k1

Fig. 2. Undamped primary structure and DVA.
The equations of motion for the system above are given
by

m1€x1ðtÞ þ k1 _x1ðtÞ þ k2ðx1ðtÞ � x2ðtÞÞ þ c2ð _x1ðtÞ � _x2ðtÞÞ
¼ P 0 sinðxtÞ

m2€x2ðtÞ þ k2ðx2ðtÞ � x1ðtÞÞ þ c2ð _x2ðtÞ � _x1ðtÞÞ ¼ 0

ð6Þ

From (6) it is possible to obtain the non-dimensional equa-
tion for the vibration amplitude of mass m1:

HðgÞ ¼ ðd2 � g2Þ þ jd2ng

ð1� g2Þðd2 � g2 þ jd2ngÞ þ lðjd2ng3 � d2g2Þ
ð7Þ

where l = m2/m1, x2
n ¼ k1=m1, x2

2 ¼ k2=m2, d = x2/xn,
n = c2/2m2x2 and j ¼

ffiffiffiffiffiffiffi
�1
p

.
Ref. [3] defines the optimal set of the DVA parameters

as the one that results in a DVA that causes the FRF to
have the same response for both the points P and Q (called
invariant points). This can be achieved by handling the
relation between the natural frequencies, d, and the damp-
ing factor n. Fig. 5 shows the graphics of the vibration
amplitudes, adopting l = 0.05 and d ¼ dOPTM ¼ 1

1þl, for
different values of n.

Differently from the single mass-spring-damper cases
discussed in this section, the optimal tuning of both
VBDVA and MMDVA cannot be obtained directly by
using closed-form solutions. The set of optimal parameters
is obtained by using a formulation that treats the DVA
tuning as an optimization problem, which aims at reducing



Fig. 5. Vibration amplitude of the primary mass with a damped DVA.
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the vibration level of the primary structure in a given fre-
quency band.
4. Case studies: numerical optimization of dynamic
vibration absorbers

4.1. Case study 1 – vibrating blade dynamic vibration

absorber

Fig. 6 shows the mechanical system used in the first case
study. Fig. 6(a) illustrates the primary structure and the
VBDVA. Fig. 6(b) and (c) give details about the primary
structure and the shape of the VBDVA.

Some comments about the primary structure and the
VBDVA must be addressed. First of all, it is important
to point out that, due its geometric characteristics, the pri-
mary structure (the table) can be considered for this case
study as a single degree-of-freedom system, i.e., it vibrates
preferentially along the z-direction. This behavior provides
guidelines for the design of the VBDVA in terms of its
Fig. 6. Case study 1: (a) primary structure + VBDVA, (b) primary
structure overview, and (c) VBDVA geometry.
shape and geometry. Finally, once the VBDVA has been
conceived as in Fig. 6(c), the optimal design of the VBDVA
consists of determining the value of the mass (M) and its
position (p), together with the initial tension (T) applied
to the blade.

Fig. 7 shows the finite element (FE) model of the system
obtained by using the commercial software ANSYS�

(http://www.ansys.com/).
Table 2 gives the properties of the finite element model

of the primary structure and the VBDVA. Regarding the
geometry of the lumped mass, it depends on the amount
of mass to be added to the structure as obtained from
the optimization step.

By performing the proper modal and harmonic analysis
of the primary structure, it is possible to obtain the natural
frequency (fn = 14.492 [Hz]) and the FRF of the primary
structure as shown in Fig. 8.

Once both the primary structure and the VBDVA have
been modeled, the connection between them is to be
designed. This support was modeled considering the fol-
lowing data: cross section area �0.0009 [m2], moment of
inertia �6.75 · 10�8 [m4], thickness along the cross section
�0.03 [m], Young’s modulus �2.06 · 1011 [Pa], and Pois-
son’s coefficient �0.3.

For an undamped primary structure and an undamped
VBDVA, as considered above, the most effective strategy
for vibration attenuation should make the anti-resonance
frequency of the primary structure containing the VBDVA
(complete system) equal to the resonance frequency of the
primary structure (without the VBDVA). In addition,
according to the theory of DVA presented above, the
arrangement constituted by the primary structure and the
VBDVA has the same frequency behavior of a two d.o.f.
system. This imposes an extra requirement about the natu-
ral frequencies of the resultant mechanical system, i.e., how
distant in the spectrum these frequencies are with respect to
the anti-resonance. Thus, the design is defined as a multi-
objective optimization problem.

Under this circumstance, the optimal design of the
VBDVA consists of determining the value of the mass
(M) and its position (p) together with the initial tension
(T) applied to the blade, as shown in Fig. 6(c). As explained
in [19], the multi-objective optimization problem is formu-
lated according to the weighted global criterion method.
Fig. 7. Case study 1: FE model of the mechanical system (element type
Shell63).

http://www.ansys.com/


Table 2
Case study 1: properties of the primary structure and the VBDVA

Property Blade elements Table
elements

Lumped mass
elements

Dimensions
[·10�3 m]

24 · 65.08 · 0.8 250 · 250 · 6 –

Density [kg/m3] 7850 12442.7 11340
Young’s modulus

[Pa]
2.06 · 1011 2.06 · 1011 2.06 · 1011

Poisson’s
coefficient

0.3 0.3 0.3

Fig. 8. Case study 1: FRF of the primary structure.

Fig. 9. Case study 2: mechanical system.
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The corresponding optimization problem consists in find-
ing the set of design variables x� ¼ ½M p T �T that min-
imizes the objective function given by

JðxÞ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
X3

i¼1

wiðF iðxÞÞ2
vuut

w1 ¼ 5; w2 ¼ w3 ¼ 1

ð8Þ

subject to:

0:0190 6 M 6 0:0315 ½m�
0:030 6 p 6 0:135 ½m�
0 6 T 6 68:85 ½N�

ð9Þ

where

• wi, i = 1,2,3 are the weight coefficients for each of the
objectives, respectively.

• F 1ðxÞ ¼ fanti-resonance � f primary
resonance is the difference between

the anti-resonance frequency of the entire system and
the resonance frequency of the primary structure.

• F 2ðxÞ ¼ f1st-resonance � f primary
resonance is the difference between

the first resonance frequency of the entire system and
the resonance frequency of the primary structure.

• F 3ðxÞ ¼ f primary
resonance � f2nd-resonance is the difference between

the second resonance frequency of the entire system
and the resonance frequency of the primary structure.
4.2. Case study 2 – multi-mode dynamic vibration absorber

Fig. 9 depicts the type of mechanical system studied in
this case. Fig. 9(a) illustrates the primary structure (a
clamped–clamped beam) and the MMDVA. Fig. 9(b) and
(c) give details about the primary structure and the shape
of the MMDVA.

Some remarks about the configuration of MMDVA pre-
sented in this case study should be taken into account.
Each double blade (five in this case) behaves like a single
DVA. The influence of each DVA on the system response
characterizes the dynamic behavior of the structure as a
whole. This way, each DVA can be tuned through the cor-
rect choice of its geometry, according to a proper optimiza-
tion process. In practical terms, in order to increase the
amount of damping in the MMDVA, the whole structure
should be immerged in a fluid or, alternatively, some visco-
elastic material could be bonded to the surface of each
blade [21]. In this paper, for the sake of simplicity, the
damping coefficient was introduced as a property of the
blade material in the finite element modeling of the system.

Fig. 10 shows the primary structure. Fig. 10(a) repre-
sents the mechanical arrangement. Fig. 10(b) and (c) give
details regarding the finite element model. As the frequency
band ranges from 2.0 to 5.0 kHz, it was necessary to build a
fine mesh in the structure, involving a large number of ele-
ments (BEAM4 in the present case). In the most sophisti-
cated case, six degrees-of-freedom per node were taken
into account.

Table 3 gives the material properties of the finite element
model of the primary structure and the MMDVA.

By performing the modal and harmonic analysis of the
primary structure, it is possible to obtain the natural



Table 4
Case study 2: natural frequencies of the primary structure

Modes Natural frequencies [Hz]

1st 2095.5
2nd 2684.1
3rd 3352.4
4th 4094.8
5th 4911.2

Fig. 12. Case study 2: FE model of the MMDVA.

Fig. 10. Case study 2: FE model for the primary structure.

Table 3
Case study 2: properties for both the primary structure and the MMDVA

Young’s modulus (GPa) 2.06 · 103 2.06 · 103

Poisson’s ratio 0.3 0.3
Density (kg/m3) 7850 7850
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frequencies and the frequency response function (FRF) of
the system. Fig. 11 shows the FRF of the primary struc-
ture. Table 4 gives the values of the natural frequencies
of the primary structure within the frequency range from
2.0 to 5.00 Hz. All analyses were performed by using the
commercial software ANSYS�.

Fig. 12 illustrates the finite element model of the
MMDVA.

As previously discussed, for design purposes the most
effective strategy should consider the influence of each
mode and the frequency range of interest. The FRF is to
be minimized over predefined frequency bands as chosen
by the user. For example, in the case illustrated by
Fig. 11, five modes were taken as target modes for vibra-
tion attenuation. Consequently, in the most general case,
the system may have a set of DVAs, each one tuned up
to a particular mode. Under these circumstances, the opti-
mal design of MMDVA consists in determining the value
of each one of the blade lengths and their corresponding
damping factors. Obviously, other configurations for this
Fig. 11. Case study 2: FRF of the primary structure.
type of DVA could also be considered (by using various
blade geometries, for example).

Then, two formulations for the optimization problems
were tested. The first one considers the neighborhood of
each target mode. The corresponding optimization prob-
lem consists in finding the set of design variables
x� ¼ ½ x1 x2 . . . x6 �T that minimizes the objective func-
tion given by

JðxÞ ¼
X5

i¼1

max
f lower

i 6f6f upper
i

fjHðf Þjg ð10Þ

subject to:

x1 > x2 > x3 > x4 > x5

5� 10�3
6 xi 6 15� 10�3; i ¼ 1; 2; 3; 4; 5

0:005 6 x6 6 0:025

ð11Þ

where

• x1 to x5 are the lengths of the blades of the MMDVA
(given in meters).

• x6 is the non-dimensional damping factor of each blade
of the MMDVA (damping is considered the same for all
the blades).

As the design requires x1 > x2 > x3 > x4 > x5, this gives
rise to a pine-shaped MMDVA. This procedure also
reduces the redundancies of the optimal design.

Table 5 gives the values of the bounds used in the opti-
mal tuning of the MMDVA for the present formulation.



Table 5
Case study 2: bounds for the optimal tuning of the MMDVA

Modes Lower bound [Hz] Upper bound [Hz]

1st 2000 2198
2nd 2582 2786
3rd 3248 3458
4th 3992 4196
5th 4808 5000

Table 6
Stop criteria for the SimpleToolBox

Criterion Description

Iterations Fixed number of generations reached
TimeLimit The total time (in seconds) allowed for the optimization

task
StallIterLimit If after this number of iterations there is no

improvement, the simulation will abort
StallTimeLimit If after this period of time (in seconds) there is no

improvement, the simulation will abort

Table 7
Parameter setup for ACO

Number of ants Maximum number of iterations Evaporation rate

20 20 1.25
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In the second formulation, which considers the whole
frequency band, the corresponding optimization problem
consists in finding the set of design variables x� ¼
½ x1 x2 . . . x6 �T that minimizes the objective function
given by

JðxÞ ¼ max
20006f65000

fjHðf Þjg ð12Þ

subject to the same set of constraints as shown in Eq. (11).

5. Numerical implementation

There are two main software facilities used in this
research work. The first one is related to the numerical
finite element modeling. As previously mentioned, in this
work the commercial software ANSYS� was used. The sec-
ond deals with the optimization problem itself, for which
the SIMPLE Optimization ToolBox (SimpleToolBox)
was used. The SimpleToolBox [22] is an optimization code
developed at the Federal University of Uberlandia as an
Fig. 13. Case study 1:
add-on to MATLAB� that provides capabilities for creat-
ing, editing and solving optimization problems.

In terms of the problem implementation, the first step is
to generate the ANSYS� input files for the problem. In the
sequence, the SimpleToolBox makes use of this code to
build the objective function as a MATLAB file. Basically,
the resulting MATLAB file performs three successive oper-
ations: (i) write a new ANSYS code with the current design
variable values; (ii) run the ANSYS analysis from the
MATLAB environment, and (iii) read the results of the
analysis and further calculate the objective function. It is
simulation results.
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worth mentioning that the ANSYS� codes are manipulated
directly by the SimpleToolBox.

All tests in this work repeat an iterative optimization
task until at least one stop criterion is achieved. The stop
criteria available in the SimpleToolBox are shown in
Table 6.

6. Results

Table 7 shows the setup of the ACO algorithm used for
both case studies. However, it should be added that ACO,
as any other nature-inspired optimization method, is
sensitive to the setup values. Thus, depending on the appli-
cation, precision requirements, available calculation
resources, etc., these values should be modified. Finally,
the convergence graphical report, as shown in Fig. 13(b),
can help the user to decide if the algorithm was capable
of performing some local search during the optimization
task. This way, a poor convergence means low level of local
search. Two possible solutions for this case can be
addressed: (i) to increase the number of ants and/or the
maximum number of iterations; and/or (ii) to use a gradi-
ent-based technique as a final optimization run in the end
of the procedure. None of these alternatives were necessary
in any of the case studies.
Fig. 14. Case study 2: simulation r
A good hint about the best choice of the parameter val-
ues should consider a compromise solution involving the
performance of the method and the computation effort.
6.1. Case study 1 – vibrating blade dynamic vibration

absorber

Fig. 13 shows the FRFs obtained for the non-damped
and damped cases. Fig. 13(a) presents the regions of the
frequency spectrum for which vibration amplitudes are to
be minimized. Fig. 13(b)–(e) illustrate the evolution of
ACO during the optimization process. Fig. 13(b) shows
how the best ant, the mean and the standard deviation of
the colony evolve during the optimization procedure.
Fig. 13(c) gives the histogram of the objective function val-
ues for the colony at the end of the optimization run.
Fig. 13(d) illustrates how the colony is dispersed along
the iterations. Finally, Fig. 13(e) indicates the criterion
achieved to stop the optimization process.
6.2. Case study 2 – multi-mode dynamic vibration absorber

As presented above, the first optimization problem for-
mulation considers the neighborhood of each mode to be
esults for the first formulation.
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controlled and the second one is devoted to the whole fre-
quency band studied.

Fig. 14 shows the FRFs obtained for the non-damped
and damped cases, according to the first optimization
problem formulation, as shown by Eqs. (10) and (11).
Fig. 14(a) presents the regions of the frequency spectrum
for which vibration amplitudes are to be minimized.
Fig. 14(b)–(e) illustrate the evolution of ACO during the
optimization process. Fig. 14(b) shows how the best ant,
the mean and the standard deviation of the colony evolve
during the optimization procedure. Fig. 14(c) gives the his-
togram of the objective function values for the colony at
the end of the optimization run. Fig. 14(d) illustrates how
the colony is dispersed along the iterations. Finally,
Fig. 14(e) indicates the criterion achieved to stop the opti-
mization process.

Fig. 15 shows the FRFs obtained for the non-damped
and damped cases, according to the second formulation
proposed for the optimization problem, as described by
Eq. (12). Fig. 15(a) presents the regions of the frequency
spectrum for which vibration amplitudes are to be mini-
mized. Fig. 15(b)–(e) shows the evolution of ACO during
the optimization process.
Fig. 15. Case study 2: simulation res
7. Final remarks, conclusion and perspectives

The purpose of the present research work was to inves-
tigate the potential use of heuristic techniques in the opti-
mal design of mechanical systems, focusing on ant colony
optimization.

Vibrating blade dynamic vibration absorbers represents
a possible solution for attenuating vibrations in civil engi-
neering structures and the design strategy used seems to
be well suited for real applications. It is worth mentioning
that an approach using finite elements was used since the
early stage of the design procedure, based on existing com-
mercial software. The same approach, from the modeling
point of view, was used in the application of the multi-
mode dynamic vibration absorber.

The present configuration of the VBDVA is devoted to
single tuning frequency. Other arrangements can be
exploited, such as changing the force applied to the blade,
for example. An active or semi-active controller would
have to be included in the system in this case. The great
advantage of the MMDVA is that the absorber can be
designed in such a way that vibrations are attenuated along
a previously defined frequency band. Besides, the multi-
ults for the second formulation.
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mode absorber is very useful in a number of real life appli-
cations, in which the modes are close together in the fre-
quency spectrum.

ACO was used in the present contribution to obtain
the optimal design of two different constructions for
DVAs, namely the VBDVA and the MMDVA. In both
cases, no closed-form solution is available. Consequently,
the improved tuning parameters have to be obtained
through optimization techniques. Finally, the authors
are encouraged to pursue their research effort in the
sense of: 1 – comparing the performance of ACO with
other competitive heuristic optimization algorithms (such
as Genetic Algorithms and Particle Swarm Optimiza-
tion), and 2 – trying to solve more complex engineering
problems by using nature-inspired optimization
approaches.
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