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In this paper we propose the novel type of tuned mass damper and investigate its
properties. Characteristic feature of the device is that it contains a special type of inerter
equipped with a continuously variable transmission and gear-ratio control system which
enables stepless and accurate changes of inertance. We examine the damping properties
of the proposed tuned mass damper with respect to one-degree-of-freedom harmonically
forced oscillator. To prove the potential of introduced device we test its four different
embodiments characterized by four different sets of parameters. We generalize our
investigation and show that proposed device has broad spectrum of applications, we
consider three different stiffness characteristics of damped structure ie. linear, softening
and hardening. We use the frequency respanse curves to present how considered devices
influence the dynamics of analyzed systems and demonstrate their capabilities. Moreover,
we check how small perturbations introduced to the system by parametric and additive
noise influence system's dynamics. Numerical results show excellent level of vibration
reduction in an extremely wide range of forcing frequencies.
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In this paper we present the experimental verification of the novel tuned mass damper
which enables changes of inertance. Characteristic feature of the proposed device is the
presence of special type of inerter. This inerter incorporates a continuously variable
transmission that enables stepless changes of inertance. Thus, it enables to adjust the
parameters of the damping device to the current forcing characteristic. In the paper we
present and describe the experimental rig that consists of the massive main oscillator
Torced kinematically and the protatype of the investigated damper. We perform a series of
dedicated experiments to characterize the device and asses its damping efficiency.
Moreover, we perform numerical simulations using the simple mathematical model of
investigated system. Comparing the numerical results and the experimental data we le-
gitimize the model and the ¢ of the tigated tuned mass
damper. Presented results prove that the concept of the novel type of tuned mass damper
can be realized and enable to confirm its main advantages. Investigated prototype device
offers excellent damping efficiency in a wide range of forcing frequencies.
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Design and identification of parameters of tuned mass damper with inerter
which enables changes of inertance

M. Lazarek. P. Brzeski®, P. Perlikowski*

Division of Dynamics, Lodz University of Technology. Slefanowskicgo 1/15, 90-924 Lodz, Poland

Abstract

In this paper we show the design of a novel tuned mass damper with inerter that enables changes of
inertance. We present in detail the experimental rig that is used to test the prototype device and provide
technical documentation of its crucial elements. The mathematical model of the system is derived based on
the Lagrange equations of second type. We identify the system’s parameters (masses. stiffnesses of springs
and damping coeflicients). We pay special attention to identification of the energy dissipation that occurs
via viscous damping and dry friction. We use a two step procedure to find the proper values of damping
coefficients with high precision. To validate the model we compare the numerical and experimental time
traces which prove good matching of results.
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Table 1

Sets of parameters that characterize four considered TMD embodiments and line types used to demonstrate their attributes. CD stands for critical damping.
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No. Parameters Dimensionless parameters Line type

¢r (Ns/m) m (kg) k (N/m) I (kg) Cm mp kp Ip OTMD
I 3098 10 9600 (10,150)  0.02 (5% of CD) 0.1 04 (01,15  (05,V2)
Il 6.197 10 9600 (10,1509 0.004 (1% of CD) 0.1 04 (0.1,1.5) 05,42)  ==memeceseenen-
M 53.66 20 14400 (10,220) 0.03464 (5% of CD) 0.2 0.6 0.1,2.2) 05,2 —=— ===
v 10.73 20 14 400 (10,220  0.006928 (1% of CD) 02 06  (0.1,22) (5.2 ——————-
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