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Abstract

Recently, harvesting of energy from vibrating systems tesagl immense popularity. The harvested
power depends on the amount of accessible kinetic energyhendfficiency of the harvester. It has
been shown that under certain conditions, the presencemslimearity in the device may cause an im-
provement of performance as compared to the standard lsystems [1]. In this paper we investigate
an autoparametric system presented in Figure 1. It corgfighee main system (oscillator) and the ab-
sorber (pendulum). Additionally, the ocillator’s suspenss active, made up of the magnetorheological
damper (MR) and the shape memory alloy spring (SMA). Usualigh device is used as the dynamic
vibration absorber [2]. However, it has potential for elyengrvesting [3].
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Figure 1: Scheme and real view of active pendulum system.

The system is described by two ODEs. Coupling between stdyagds nonlinear and ensures that the
excited oscillator can be at rest while the pendulum is ladirig. Such a solution is called a semi-trivial
(ST) solution. When ST solution is unstable, one can expechbn-trivial solutions can be initiated and
both elements start to oscillate. The dimensionless momeewuations describing the system are given
by 1 and 2: _

X + FSMA(X7T) + FMR(va) + W\ ((bsin(p+ (pZCOS(p) = y(T)7 (1)

O+ (a2+B)p+A (X +1)sing =0, )

whereX and ¢ denote the vertical and angular displacement of the osmilend the pendulum, respec-
tively. The functionFsyameans the restoring force of SMA spring, depending on thaatiement of the
oscillator and temperatur@sma(X,T) = (8 — 1)X — B X3+ BoX5). The parameterg;, 3, are material
constantsg is a temperature ratio. THeyr is a magnetorheological damping force, depending on the
velocity and displacement of the pendul@Byr (X, X) = a;X 4+ astanh(3; X + 5,X)). The parametem;

is a viscous damping coefficierndz means dry friction, while), and d, are coefficients which describe
the hysteresis effect. The system is harmonically exciteg b) = qcoqJ 1), whereg andd denote the
amplitude and frequency of excitation, respectively. Thending in the pendulum pivot is marked as
a», while 8 represents the portion, that can be converted to elegtridibte, that the electrical damping
force with a damping coefficier® is equivalent to a total electromagnetic force. The paramsdt and

U characterize construction of the pendulum. The detailetateon equations of motion can be found
in [4]. This paper proposes use the vibration absorber ferggnharvesting. The influence of the SMA



spring and the MR damper on dynamics, bifurcations andlgtatsi studied in detail. In Fig. 2 one can
be see an frequency response curves, where displacemébastaxdillator (Fig. 2a), and angular velocity
of the pendulum (Fig. 2b) are presented.
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Figure 2: Frequency response for the oscillator (a) and ¢inelyplum (b), fora; = 0.1, a, = 0.069,8 =
0.00L, 03 =0.03 A =0.25,u =6,q9=0.35,3; =0.04,3, =0.1,4, = 100 andd, = 1.

It is shown, that with a proper choice of the suspension patars, the angular velocity of the pendu-
lum increases (then increases energy harvesting), sineatesly reducing displacement of the primary
system. Additionally, the smarts elements can be usedrtoreltion or move the unstable regions. How-
ever, an active elements can introduce a new bifurcatioremch point (BP), period doubling (PD) or
Neimark-Sacker (NS).

The main aim of this paper is to propose a method of controVitikation of the host structure and
to harvest energy out of the dynamic vibration absorber kanaously. To control is introduced via the
active suspension. Some results of numerical studies vedidated with experimental measurements.
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