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Abstract. This contribution presents the optimal design of a vibrating blade dynamic vibra-
tion absorber by using a heuristics named Ant Colony Optimization (ACO). Dynamic vibra-
tion absorbers (DVAs) are systems constituted by mass, spring and damping elements, which 
are coupled to a mechanical system to provide vibration attenuation. The main idea behind 
the DVAs is the generation of a force, which has the same intensity of the excitation force but 
in the opposite phase. Based on the anti-resonance phenomenon, the tuning of the DVA is the 
procedure that sets the anti-resonance frequency to a given value by adjusting the DVA pa-
rameters. Consequently, the optimal tuning of the DVA results from an optimization problem. 
This is described as the minimization of the objective function that relates the difference be-
tween the resonance frequencies of the primary system and the DVA. 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. This paper is devoted to an engineering application involving design 
variables that belong to a continuous domain. Numerical results are reported, illustrating the 
success of using the methodology presented. 
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1 INTRODUCTION 
According to [1], dynamic vibration absorbers (DVAs) are mechanical appendages com-

prising 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 connection 
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 device used to re-
duce wind-induced vibrations in power transmission lines. 

Due to their technological relevance both in the academic and industrial domains, DVAs 
represent a subject of permanent interest. Several authors have investigated different ap-
proaches for the optimization of DVA parameters by using either time or frequency domain-
based performance indexes [2]. Den Hartog [3] presents the design curves for a single-degree-
of-freedom (sdof) undamped primary system. The effect of damping in the primary system on 
the optimum absorber parameters is investigated by Warburton and Ayorinde in [4]. More 
recently, a set of smart materials dynamic neutralizers were developed and associated to dif-
ferent optimization techniques for the optimal design over a given frequency band. This is the 
case of viscoelastic [5] and shunted piezoelectric [6] approaches. 

The present contribution deals with the optimal design of a special configuration of DVAs, 
named vibrating blade dynamic vibration absorber (VBDVA). The optimization problem is 
described as the minimization of an objective function that relates the difference between the 
resonance frequencies of the primary system and those of the VBDVA.  To achieve this aim, 
the natural optimization technique named Ant Colony Optimization (ACO) is applied to the 
finite element model of the system. This population-based technique is inspired in the behav-
ior of real ants and their communication scheme by using pheromone trail [7]. ACO has at-
tracted much attention from the research community mainly due its efficiency in solving 
combinatorial optimization problems. Nevertheless, the expansion for continuous variables is 
still under development. From the optimization point of view, this paper presents an engineer-
ing application of a continuous domain problem of ACO. 

In the remainder, an overview for the formulation of DVAs is presented and the ACO for 
continuous variables is discussed. Numerical results are reported, illustrating the success of 
using the methodology presented, as applied to mechanical systems. 
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2 DYNAMIC VIBRATION ABSORBER – AN OVERVIEW 
The dynamic vibration absorbers (DVAs) are systems constituted by mass, spring and 

damping elements (secondary structure), which are coupled with a mechanical system (pri-
mary structure) in order to attenuate the vibrations of this primary structure in a given fre-
quency band [1], [3] and [8]. The main idea behind the DVA is the generation of a force, 
which has the same intensity of the excitation force but in the opposite phase. This phenome-
non is known as anti-resonance. The tuning of the DVA is the procedure that sets the anti-
resonance frequency to a given value by changing the DVA parameters (mass, spring and 
damping values). Now, consider the vibrating system characterized by a two degree of free-
dom (D.O.F) structure, composed by an undamped primary structure (  and ) and a un-
damped secondary structure, which is the DVA, (  and ), as illustrated in Figure 1.  
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Figure 1 : Undamped primary structure and DVA. 

The equations of motion for the system are given by: 
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From Eq. (1) it is possible to obtain the non-dimensional equation for the vibration ampli-
tude of mass : 1m
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where: 
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 ω  is the frequency of the force excitation F , 
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mω =  is the natural frequency of the DVA, and 
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m
mµ =  is the relation between the mass of the DVA and the mass of the system. 

 
According to Eq. (2), the vibration amplitude for the primary structure is zero when the 

numerator 21 g−  is equal to zero, which happens when the frequency of the excitation force 
equals the natural frequency of the DVA. 

Figure 2 illustrates the vibration amplitudes for the single degree-of-freedom primary 
structure with and without a DVA. For the system with DVA, µ  was taken as 0. . Figure 2 
also shows how the frequency response function (FRF) of the system is changed due the at-
tachment of the DVA. It is worth mentioning that as a two degree-of-freedom system, the pri-
mary system + DVA has two natural frequencies. This way, as can be seen in Figure 2, the 
designer should be interested in the frequency band between the points P and Q. 
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Figure 2: Vibration amplitudes for the primary system with and without DVA. 

3 FINITE ELEMENT ANALYSIS OF THE SYSTEM 
Figure 3 shows the mechanical system studied in this work. Figure 3 illustrates the primary 

structure and the VBDVA. Figures 3-(b) and (c) give details about the primary structure and 
the shape of the VBDVA. 

 

a)

b) c)

 
Figure 3: Mechanical system: a) primary structure + VBDVA, b) primary structure overview, and c) VBDVA 

geometry 
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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 primary behaves like a 
single degree-of-freedom system, vibrating preferentially along the z direction. This behavior 
provides guidelines for the design of the VBDVA in terms of its shape and geometry. Finally, 
once the VBDVA has been conceived as in Figure 3-(c), the optimal design of the VBDVA 
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consists of determining the value of the mass (M) and its position (p), together with the initial 
tension (T) applied to the blade. 

3.1 Finite Element Model of the Primary Structure 
Figure 4 shows the primary structure: Figure 4-(a) illustrates the general mechanical ar-

rangement and Figure 4-(b) depicts its finite element model. 
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Figure 4: Primary structure  

 
Table 1 gives the properties of the finite element model of the primary structure. 
 

Property Blade elements Table elements 
Dimensions [x 10-3 m] 24 x 65.08 x 0,8 250 x 250 x 6 
Density [Kg/m3] 7850 12442.7 
Young Modulus [Pa] 2.06 x 1011 2.06 x 1011

Poisson Coefficient 0.3 0.3 
Table 1: Properties for the Primary Structure. 

By performing the proper modal and harmonic analysis of the primary structure, it is pos-
sible to obtain the natural frequency 14.492  [Hz]nf =  and the FRF of the system. Figure 5 
shows the FRF of the primary structure. 
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Figure 5: FRF of the primary structure. 
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3.2 Finite Element Model of the VBDVA 
Figure 6 illustrates the finite element model and Table 2 gives the material properties of 

the VBDVA. 
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Figure 6: VBDVA model. 

Table 2: Material Properties for the VBDVA. 
 

Property Blade elements Lumped mass elements 
Thickness [x 10-3 m] 0.7 2.7183 
Density [Kg/m3] 7850 11340 
Young Modulus [Pa] 2.06 x 1011 2.06 x 1011

 

3.3 Finite Element Model of the System 
Once both the primary structure and the VBDVA have been modeled, the connection be-

tween them is to be designed. This support was modeled with cross section area , 
moment of inertia , thickness along the cross section 0. , and Young 
modulus  and Poisson coefficient . 

20.0009 [m ]
8 46.75 10  [m ]−× 03 [m]

112.06 10  [Pa]× 0.3
Figure 7 shows the FE model of the system obtained from ANSYS® (element type Shell63). 
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Figure 7: FE model of the mechanical system 
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4 OPTIMAL DESIGN METHODOLOGY 
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 for 
the primary system with the VBDVA equal to the resonance frequency of the primary system 
without the VBDVA. In addition, according to the theory of DVA presented above, the ar-
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rangement constituted by the primary structure and the VBDVA behaves as a 2 D.O.F system. 
This imposes an extra requirement about the natural frequencies of the new mechanical sys-
tem, 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 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 Figure 3-(c). As explained in [10], the multi-objective optimization problem is for-
mulated according to the weighted global criterion method, which leads to the minimization 
of the objective function given by: 
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where: 
 ( )1 , , primary

anti resonance resonanceF M p T f f−= −  is the difference between the anti-resonance frequency 
of the entire system and the resonance frequency of the primary structure. 
 ( )2 1, , primary

st resonance resonanceF M p T f f−= −  is the difference between the first resonance frequency 
of the entire system and the resonance frequency of the primary structure. 
 ( )3 , , primary

resonance nd resonanceF M p T f f −= − 2  is the difference between the second resonance fre-
quency of the entire system and the resonance frequency of the primary structure. 

 7

5 ANT COLONY OPTIMIZATION  
ACO is inspired in the behavior of real ants and their communication scheme by using 

pheromone trail [7]. 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 feed-
back where the more the ants following a trail, the more attractive that trail becomes for being 
followed. 

When searching for food, real ants start moving randomly, and upon finding food they re-
turn to their colony while laying down pheromone trails [10]. This means that if other ants 
find such a path, they return and reinforce it. However, over time the pheromone trail starts to 
evaporate, 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 density re-
mains 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 feedback eventually encourages all the ants in following the 
same single path. 

The idea behind ACO is to mimic this behavior by using artificial ants. The outline of a ba-
sic ACO algorithm is as follows: 
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Define the ACO parameters (colony size, initial
pheromone trail, dissolving rate)

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

Perform a complete tour (which mimics path
between the nest and the food source)

Update the pheromone trail

No Yes

Results

Stop criterion

 
Figure 8: ACO basic algorithm. 

This way, the first point that has to be taken into account is how to model the pheromone 
communication scheme. According to [12], for continuous model implementation, this is done 
by using a normal probability distribution function (PDF) as follows: 

 
( )2

min
22( )pheromone e

−
=

x-x
σx  (5) 

where  is the best point found by the optimization task within the design space and σ  is 
an index of the ants aggregation around the current minimum. 

minx

“To perform a complete tour,” means to update the values of each design variable for all 
ants of the colony. Or more precisely, it is the process in which, for a given iteration, each ant 
sets the values for the trial solution based on the probability distribution specified by Eq. (5). 
Computationally, 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. (5), it is easy to notice that each variable uses a dif-
ferent random number generator and its respective PDF. 

Finally, pheromone distribution over the design space is updated by collecting the informa-
tion acquired throughout the optimization steps. Since the pheromone is modeled by Eq. (5), 
it is necessary only to update  and  by: minx σ

 ( )Std Colony=σ  (6) 

where ( )Std Colony  makes use of the colony of ants (candidate solutions) to return a vector 
containing the standard deviation for each design variable. 

About the pheromone scheme, it is possible to see that the accumulation of pheromone in-
creases in the area of the candidate to the optimum. This approach (also called as positive up-
date) reinforces the probability of the choices that lead to good solutions. However, for 
avoiding premature convergence, negative update procedures are not discarded, as can de-
scribed in [13]. 

 8

In this work, a simple method to perform negative update is used: dissolving of the phero-
mone. 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: 
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  (7) new oldγ=σ σ

where 1γ >  is the dissolving rate.  
 
To initialize the algorithm: 

  is randomly chosen within the design space using a uniform PDF; minx
  is taken 3 times greater than the length of the search interval. σ

Differently from what occurs with the Genetic Algorithms (GA) and Particle Swarm Opti-
mization (PSO), which have a set of parameters to be defined by the user, ACO has one single 
special parameter to be chosen, namely the dissolving rate γ . 

A comparison between what happens in nature and what is similar in the ACO algorithm 
can be viewed in the following table: 

Table 3: 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 
 
All tests in this work repeat an iterative optimization task until at least one stop criterion is 

achieved. The stop criteria implemented are shown in Table II. 
Table 4: Stop Criteria. 

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 simula-
tion will abort. 

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

 

6 RESULTS  
Table 5 shows the setup for the ACO used for both design approaches. 

Table 5: Parameter Setup for ACO. 

Number of ants Maximum number of iterations Evaporation rate 
20 20 1.25 
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Figure 9 shows the FRFs obtained for the uncontrolled and controlled cases, according to 
the first formulation. Figure 9-(a) presents the regions of the frequency spectrum for which 
vibration amplitudes are to be minimized. Figures 9-(b) to (e) illustrate the evolution of ACO 
during the optimization process. Figure 9-(b) shows how the best ant, the mean and the stan-
dard deviation of the colony evolve during the optimization procedure. Figure 9-(c) gives the 
histogram of the objective function values for the colony at the end of the optimization run. 
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Figure 9-(d) illustrates how the colony is dispersed along the iterations.  Finally, Figure 9-(e) 
indicates the criterion achieved to stop the optimization process. 

 

a) b)

c)

d)

e)

 
Figure 9: Simulation results. 

7 CONCLUSIONS 
ACO was used in the present contribution to obtain the optimal design of a MMDVA. In 

the case of the multi-mode damper, no closed-form solution is available. Consequently, the 
optimal tuning parameters have to be obtained through optimization techniques. It is worth 
mentioning that the multimode technique is very useful in a number of real life applications, 
in which the modes are close together in the frequency spectrum. The presented methodology 
was able to handle six continuous variables simultaneously. This means that the methodology 
can be extended to a number of complex mechanical engineering problems. Finally, the re-
sults obtained encourage the authors in pursuing their effort in the sense of using nature-
inspired optimization techniques in complex engineering problems.  
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