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1 . Introduction

Almost all man-made structures are exposed to vibration. Regardless of whether these are large structures
such as bridges or skyscrapers, machines with rotating parts such as engine shafts, frame structures or vehicle
suspensions, excessive vibrations can be very harmful. From the perspective of their effects they can be seen as
very spectacular (e.g., a collapse of a bridge) or not worth much attention (e.g., a failure of a motor shaft), but
in each of these cases, the effect is the destruction of the structure and a negative impact on the users of these
devices.

Several approaches can be used by the designers to overcome this phenomenon. The most basic, but often
sufficient, method is to introduce changes in the mechanical parameters of the system affecting the severity of
vibration in operational conditions, i.e., its mass or stiffness. If such design changes cannot be realized, or if
vibration problems are detected after the system is manufactured, or if a vibration suppression system must be
used for other reasons, one of the three basic types of such systems can be used [1].

The primary choice is usually a passive vibration damping system. These are relatively simple systems whose
mode of operation is the passive dissipation of the energy of structural vibrations. Their design and simple
functionality ensures that they are highly reliable, but their simplicity is reflected, unfortunately, in their limited
efficiency. Their flexibility may be also considered as insufficient: once configured, even a small change in the
specific operating conditions can result in a drastic loss of performance. This indicates a rather narrow spectrum
(frequency range) of correct system operation.

Active systems constitute a much more effective damping approach. In this case, vibration attenuation is
achieved not by means of dampers, but by actuators integrated into the structure. This approach allows to
achieve very good results of vibration mitigation over a wide range of excitation frequencies. High efficiency,
however, is burdened with a much higher degree of complexity of such a system as compared to the passive
systems. In order to develop such a system, it is necessary to design the controller and install actuators that
implement the control algorithm. During the vibration suppression, the actuators themselves require a large
energy supply, which can be troublesome in some cases.

The compromise between these damping systems are semi-active systems, where the actuators are used to affect
structural properties instead of exerting large external forces. In terms of reliability, semi-active systems can
be compared with passive systems, while in terms of the efficiency of damping with active ones. They also
do not require large amounts of electric energy to implement the control algorithm. Despite being a relatively
new research area with less established design and development procedures, their advantages seem to be large
enough to attract a growing number of scientists and engineers.

This contribution presents a strategy for semi-active reduction of forced vibrations in frame structures. Anal-
ogous damping technique proved to be effective in damping of free vibrations [2, 5]. The control strategy is
based on the Prestress Accumulation–Release (PAR) concept and uses specially designed semi-active rota-
tional nodes [4]. Successive decentralization of the damping system demonstrates that apart from the global
mechanism of the energy dissipation based on the PAR, it is also possible to disperse it locally to individual
beams that are separate elements of the damping system.
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2 . Control method

The equation of motion of the structure in which the proposed semi-active vibration damping system has been
applied is as follows:

(1) Mẍ(t) +
(
C+

∑
i
γi(t)Ci

)
ẋ(t) +Kx(t) = f(t)

where M, C and K refer to the mass, damping and stiffness matrices, and γi(t) ≥ 0 is the control function.
The matrix Ci couples overlapping rotational degrees of freedom (Dofs) belonging to the ith node. It is used to
effectively block the relative rotations of the involved rotational Dofs, which amounts to imposing a structural
constraint in the form of θ̇1 = θ̇2. The vector f represents the excitation force, which is harmonic here.

Utilization of the Pontryagin minimum principle [3] with the control objective function formulated in the form
of an integral of the global structural energy

(2) J =
1

2

∫ Tf

Ts

(
ẋTMẋ+ xTKx

)
dt

results in the optimal control strategy of a bang-bang type: the control function switches between γi = 0 and
γi = γmax

i . The proposed decentralized control algorithm incorporates this approach, and the switching points
are selected quasi-heuristically to correspond to the maxima of the local energy.

3 . Numerical example

The investigated structure is a 2D frame with the dimensions shown in Figure 1. Two semi-active nodes are
used to implement the control strategy.
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Figure 1: Considered 2D frame model equipped
with two semi-active nodes
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Figure 2: Comparison of the total energy of the struc-
ture: controlled and uncontrolled case

Figure 2 shows the comparison of the total structural energy of the considered frame for the excitation applied in
point R with the frequency of the first and the second eigenfrequencies of the structure. The results confirm the
excellent efficiency of the proposed control algorithm in dissipating the structural energy. The energy reduction
in the first vibration mode is more than ten times, while in the second mode it is almost threefold.
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