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ABSTRACT

Chimera states occur widely in networks of identical oscillators as it has been shown in the recent extensive theoret-
ical and experimental research. In such a state, different groups of oscillators can exhibit co-existing synchronous
and irregular behaviors despite homogeneous coupling. Combining both coherent and incoherent types of responses,
chimeras arise on the road to better understanding of the variety of phenomena occurring in nature. In our study
we consider a star network, in which N identical peripheral end nodes are connected to the central hub node. The
study is realized in the form of physical double pendula hanged on an oscillating platform, which have been shown
in Fig. 1.

(a) optical

displacement

sensor

tgg pendulum boE\)..f

ower pendulum axis
<«

A
E AL L
v Asin2af1)

Figure 1: In (a) a scheme of the physical double pendulum used in the experimental research is presented. The
experimental rig of three double pendula suspended on an oscillating platform and a zoom on a single double
pendulum node are shown in (b) and (c), respectively.

Each double pendulum shown in Fig. 1(a-b) consists of two elements, i.e., the larger pendulum (upper bob)
which holds the smaller one (lower bob). The upper bob can rotate or oscillate around the axis O1 connected
to the periodically oscillating platform and the lower bob can rotate or oscillate around the axis O2 as shown in
Fig. 1(a) (both axis O1, O2 are perpendicular to the figure’s plane). The upper and lower bobs have respectively
masses ml, m2 [kg] and moments of inertia IC1, IC2 [kgm2| (around the perpendicular axes which crosses bobs
mass centers C1, C2). The oscillations of the platform are described by the harmonic function Asin(2ft), where A
[m] and f [Hz] are respectively amplitude and frequency.

We describe the dynamics of a single unit, uncovering different types of possible behaviors and discuss the
properties of three such oscillators. We find that if a single node exhibits transient chaotic behavior in the whole
network, the pattern of transient chimera-like state, which persists for a significant amount of time, is created. Our
results show, that the phenomenon of transient chimera-like states can arise and its lifetime is not straightforward,
highly depending on possible uncertainties occurring in the system. The numerical study is confirmed by the
experimental research, exhibiting that the described transient solutions can be observed in simple experiments
with mechanical oscillators, which are controlled by elementary dynamical equations. Our finding suggests that
transient chimera-like states have the same properties as the classical weak-chimeras and can be indistinguishable
in real-world networks.
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ABSTRACT

The dynamics of engineering systems, which are generally governed by nonlinear, sometimes also non-
smooth, differential equations, are very complicated. Rotor-to-stator rubbing, which is usually modeled by
multiple degree-of-freedom non-smooth nonlinear systems, is one of such examples and of great practical
interests, i.e., for the safety of operation of turbomachinery. Actually, two instability mechanisms may
appear simultaneously during rotor-to-stator rubbing, namely, dry friction effect and cross-coupling effect,
which might induce a self-excited dry friction backward whirl or a self-excited forward whirling motion of
the rotor system.

In this work, a piecewise smooth nonlinear rotor/stator rubbing system with cross-coupling stiffness is
investigated with the focus on unveiling the characteristics of the two kinds of self-excited oscillations.
Especially, the existence boundaries and the onset conditions of the self-excited oscillations are derived on
basis of the nonlinear modal analysis by employing the methods of Nonlinear Normal Modes (NNMs),
which are global ones and can be well detected in a wide range of rubbing responses. Furthermore, the
characteristics of stick-slip oscillations exhibited in the self-excited dry friction backward whirl is also
explored from a point of view of non-smooth sliding bifurcations based on the Filippov’s convex method.
On the other hand, the methodology of spectral-submanifold (SSM)-based reduction is adopted to construct
a reduced-order model and predict the response of the self-excited forward whirling motion of the
rotor/stator rubbing system. Especially, a modified method for constructing the periodic SSM is proposed
in order to release the insuperable difficulty in solving the time-periodic coefficients for the manifold
formulation of the periodic SSM. The methodology employed and the results obtained may provide deeper
insight into the dynamical characteristics of piecewise rotor/stator rubbing systems and the potential
guidance for the designggf rotor systems.
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Figure 1: The dry friction backward whirls with stick-slip oscillations. (left) Rotor orbit in pure rolling (green
curve) and in slipping (blue curve) where the stator clearance is represented by the red dashed cycle; (right)
Time histories of relative velocity and normal components of vector fields.
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ABSTRACT

Semi-active fluid-based absorbers, such as hydraulic and pneumatic dampers, are commonly used for impact and
vibration protection. In these devices mitigation of the dynamic response is obtained with the use of
electromechanical or piezoelectric valves, which control flow of the fluid between two chambers located on the
opposite sides of the piston. In the case of impact protection the control of the fluid flow allows to maximize
energy dissipation and to obtain optimal force-displacement characteristics providing minimal value of impacting
object deceleration. In turn, in the case of vibration protection the flow control enables obtaining minimal value
of reaction force through synchronization of the piston motion with external harmonic force. Mentioned above
problems require different mathematical formulations depending on the assumed objective functions, limitations
of valves operation, available information about external excitation as well as required capabilities of disturbances
compensation.

The contribution summarizes recent achievements of the authors in development of the original mathematical
formulations of dynamic response mitigation problems and elaboration of the corresponding solution methods.
The starting point is presentation of the classical formulation of impact mitigation problem which assumes full
knowledge about actual dynamic excitation and lack of valve operation constraints resulting in the possibility of
entire impact energy dissipation [1]. The critical analysis of the above approach is the motivation for
development of several variational formulations of dynamic response mitigation problems including: i) force-based
and kinematics-based optimal control problem taking into account valve constraints, ii) state-dependent path-
tracking problem allowing for the compensation of system disturbances and / or changes in system parameters,
iii) the multi-objective optimization problem involving maximization of energy dissipation and minimization of
generated reaction force. For each mathematical formulation the corresponding solution methods are proposed
and briefly described. They include gradient-based methods of variational calculus and direct discretization
methods in the first case, dedicated versions of predictive and adaptive control methods (Hybrid Prediction
Control [2] and Identification-based Predictive Control [3]) in the second case as well as various versions of
Pareto optimization methods in the third case.
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ABSTRACT

During design and manufacturing of structures and systems engineers focus on meeting the functional, mechanical
and legal requirements. For majority of systems appropriately conducted design process ensures stable and robust
operation, but for selected applications more attention has to be paid to excitation conditions and dynamical
characteristics of the system. In particular, selected systems have to be equipped with additional devices for
protection against shock and vibration. The most common protective devices are fluid-based absorbers, which
include hydraulic and pneumatic dampers. Nevertheless, other types of excitation mitigation systems are developed
and they include also frictional and inertial systems.

As an increasing attention is currently paid to adaptive capabilities of protective systems [1, 2], the contribution
addresses the problem of adaptive dynamic response mitigation. Discussed numerical study concerns predictive and
adaptive methods introduced by the authors for both the impact absorption and vibration mitigation problems. In
particular, the fluid-based absorbers are considered and solutions of different problem formulations are analyzed in
detail. The influence of objective functions as well as implications of the constrained operation of the working
elements are studied. According to conducted analyses, an efficient reduction of different types of the process
disturbances is ensured with the use of predictive approach. Additional introduction of adaptation schemes ensures
compensation of the changes in system parameters. For performance assessment the proposed methods are
compared with the Adaptive Impact Absorption (ATA) techniques [3] as well as classical control methods.
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