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Abstract: In this work, we explored numerically the fractional dynamics of model with the Riemann-Liouville
operator fractional derivative applied to Bouc-Wen's Damping where this damping is related to the hysteresis that
constitutes the beam that is coupled to the piezoceramic materials patches. This beam is subject to two magnetic
field of the poles in the base and under the action of the external force of a non-ideal motor (RNIS), the external
force has two parameters a0 and b0, for a0=0 it is sinusoidal kind force. In this way, we analyzed the behavior of
the output power for the fractional system considering parameters of the external force of the non-ideal motor
(RNIS)and the parameter of the fractional derivative operator of Riemann-Liouville. Therefore establishing the
range in which fractional dynamics is chaotic and periodic and also the behavior of parameter space a0 x q4 and b0 x
q4 establishing the behavior of the system's output power.
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1. Introduction
In the Design of structures, it is necessary to investigate the relevant dynamics to predict the structural response
due to the excitations. But in reality, the excitation sources are non-ideal, they have always limited power, limited
inertia and their frequencies varies according to the instantaneous state of oscillating system. Here, we extended
earlier works, which constitutes a bar coupled to an electrical system with piezoceramic material inserts when
deformed generating electric current. In this paper considering the force applied to the system usable in this work
is a non-ideal motor (RNIS) [2], considering the mutual interactions between them. This Mathematical Modeling
is considered the Bouc-Wen damping that represents the hysteresis of bar where the piezoceramic material patches
are applied. Fig (1) represents the system considered (RNIS) where F(t)  f0 cos( t  a 0 sin(b 0  t) , f0 is amplitude
force, ω is natural frequency, a0 and b0 is force parameters. If a0 and b0 equal to zero we will obtain (the Ideal
Excitation) [2], that is no mutual interaction, as considered in [1], using Jacobi-Anger expansion.

Fig 1: (A) Energy Harvesting model with non-ideal excitation and magnetic poles and (B) is the piezoceramic
patches material on beam. Elaborated by the authors.
Therefore, the Riemann-Lioville fractional derivative operator (RL) defined by [2] is used in this paper. Thus,
we will obtain the fractional differential equation:
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where x is the displacement, ν is the dimensionless voltage in load resistor, η is damping coeficient, χ is the
coupling term of the piezoelectric, κ is the reciprocal temporal constant in electrical circuit, λ ≈ 1/RC is the
reciprocal of the dimensionless time constant of electrical circuit, R is load resistance, C capacitance.

2. Numerical Results and Discussion
We analyzed the behavior of the nonlinear dynamics of the model described by equations (1). In fig. (2) (a) is
a0  [0,1]  q4  [0.85,1] and fig. (2) (b) is b0  [0,1]  q4  [0.85,1] showed the behavior of power output, in fig.(2) (c) is

the Bifurcation Diagram, taken the initial condition x0 = [0.1, 0, 0, 0], and the parameters η = 0.01, k1 = 0.25, α =
1.1, n = 4, a = 0.25, λ = 0.01, κ = 0.5, A = 1.0, β = 0.55, γ = 0.45, f0 = 0.2 and χ = 0.01 and fig.(2) (d) is 0-1 Test
(Kx1) Test 0-1 is observed that values close to 0 the system is periodic and for values close to 1 it has chaotic
behavior [3].

Fig. 2. (a) Average Power ( Pavg  

v 2 ) with b0  0.5 ,(b) Power Average output ( Pavg   v 2 ) with a0  0.2 , (c)

Bifurcation Diagram with a0  0.2 , b0  0.5 and q4  [0.85,1] (d) 0-1 Test (Kx1) with a0  0.2 , b0  0.5 and q4  [0.85,1] .

3. Concluding Remarks
It was possible to analyze the behavior of the average output power with RL and the non-ideal motor force parameters, we establish within the range of values of q4 close to 0.85 the system has minimum power, because the
system has a periodic behavior, for values close to q4 → 1 the system was chaotic. The Bifurcation diagram and
Test 0-1 [3] determined the ranges for periodic behavior for q4. So, these analyzes corroborate to understand the
behavior of damping with memory effect. Future works, including multiscale entropy analysis.
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