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ABSTRACT

The idea of adaptable systems has been used on several applications, where the ability of a system to exchange
between different attractors and configurations can bring a lot of versatility and expand its functionality. However,
the control methods required to explore the different behaviours and configurations of these adaptable systems
have not been fully investigated and just a few studies have focused on this matter [1]. Existent controllers also
require the full knowledge of the attractors, the system model and the phase between response and excitation in
non-autonomous systems, which bring several difficulties on real applications.

The time-delayed feedback control (TDF) [2] is the target of several studies and was designed to stabilize unstable
periodic orbits (UPOs) inside chaotic attractors. Originally, it requires the knowledge of the system‘s model to
calculate its gains and stabilize UPOs, however, when targeting stable orbits this calculation is not required and
only a low amount of information, mainly the period of the target orbit, is needed. Recently, a new direct mass
excited impact oscillator with high excitation accuracy [3] has been reported to present multi stability and the
ability to be a platform for implementing and testing control methods.

This work introduces a new modification of the time-delayed feedback control to perform exchange between co-
existing attractors and applies it numerically and experimentally to an impact oscillator to test its capabilities in
various scenarios. Initially an analysis of the system dynamics is performed and four different scenarios are selected
to test the control strategy. The TDF control is applied to each different scenario and successfully exchange the
system response between each coexistent attractor in the first three cases. In the last case the TDF alone can not
perform the exchange and the modification proposed is introduced by utilizing a fraction of the targets orbit period
as the delay. The proposed controller is able to successfully perform the exchange which can be verified on Fig. 1.
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Figure 1: Experimental exchange control of coexisting attractors. Poincaré time series of position (a) for the TDF
control and (b) for the new controller. Control signal for (¢) the TDF control and (d) the proposed control. Dashed
magenta lines indicate boundaries where the controller targets a period-1 or a period-2 orbit.
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ABSTRACT

Non-invasive methods able to detecting loss of tightening in bolts are a topic of ongoing research since several built-
up structures are assembled with bolted joint connections [1]. One of the main issues regarding the development of
indices that capture variations in the tightening preload lies in the difficulty of distinguishing what appears from
nonlinear behavior and what is preload changes, especially in the early stages where there is superposition between
these effects. So, the present paper proposes a new approach to detect loss of tightening torque on bolts based on
the indirect correlation of reduced-order metamodels with the tightening torque using Gaussian Process Regression
(GPR). The experimental setup is the Orion beam benchmark, which consists of two assembly aluminum beams
with contact patches at each bolt connection, as seen in Figure 1. The identification of metamodels is performed in
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Figure 1: Experimental setup of a structure assembled by bolted joints.

a Bayesian paradigm through the tracking of experimental backbone curves. During the training phase, the GPR
are updated assuming different excitation amplitudes and tightening torque conditions, as illustrated in Figure 2.
Then, the GPR are identified with this dataset to observe the trend in the metamodel curves and to calibrate
the healthy state (safe torque). To test the effectivity and reliability of the method for detecting loss of torque,

(a) Low excitation amplitude (b) High excitation amplitude
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Figure 2: Representative hysteresis loop. . represents the 99% model response confidence bands, and e are
experimental realizations.

some damage indices are computed and tested considering a new set of experimental measurements of three similar
Orion beams. The previous results have demonstrated an adequate correlation to help us to detect a threshold for
monitoring the safety of bolted joints with a confidence interval to accommodate incertitudes.
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