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ABSTRACT

As a new structural vibration mitigation device, the inerter system has the
advantages of small burden to the primary structure, better tuning effect, and increased
efficiency of damping. Among all kinds of inerter devices, the inerter using screw has
a higher amplification efficiency. Thus, it is most common and has corresponding
engineering applications. However, this conventional screw-type inerter has a
complicated connection to primary structure due to an unbalanced torque at the end of
the screw. We propose to divide the flywheel into two same flywheels, and adjust the
thread direction of the screw to make the two flywheels rotate in opposite directions to
achieve the same tuning effect of a conventional inerter. At the same time, it makes the
unbalanced torque at the end of the screw canceled, so that the screw achieves self-
balancing. The connection of the self-balanced inerter system to primary structure will
be simplified, and a prestressed cable connection with self-resetting capability can be
used. Nevertheless, the friction of the self-balancing inerter will also seriously affect
the tuning effect and energy dissipation capacity of the inerter system. In this paper, a
more detailed friction model is established to simulate the self-balancing inerter in the
real motion process, and a correction formula and design measures for the friction are
proposed. The research in this paper mainly includes the following:

(1) Introduce the mechanism of vibration reduction using inertial force of
additional mass. The limitations of the traditional screw-type inerter are elaborated in
detail, and the self-balanced inerte is derived. At the same time, the mechanism of self-
balance of the screw-typeinerter is explained. The motion equation of a single-degree-
of-freedom system with an ideal inertia system is established, and the optimal design
parameters of the ideal inertia system are obtained according to the fixed-point theory.

(2) A more detailed friction model is proposed, which classifies the friction force
into load-independent friction and load-dependent friction. The motion equations of the
single-degree-of-freedom system with inerter system including the detialed friction
model are established. According to the relative magnitude of the friction force, large
friction and small friction are distinguished, and the equivalent linearization range of
load-independent friction is applicable, and the effect of small friction (both kinds of
friction) on the displacement response of the system is studied. The results show that
small friction will increase the nominal apparent mass and damping ratio, so the
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connection stiffness needs to be increased appropriately.

(3) Aiming at the occasional non-self-balanced of the self-balanced inerter, the
motion equation of the whole system under non-self-balanced conditions is established,
and the calculation formula of equivalent apparent mass under non-self-balanced is
obtained. The effects of non-self-balanced on the tuning effect and damping energy
dissipation capactity of the inerter system were explored. The results show that non-
self-balance will destroy the tuning effect to a certain extent and reduce the efficiency
of damping energy consumption. But at the same time, sensitivity analysis shows that
strict control of the apparent quality deviation within 0.5% and lead deviation within
0.2% can achieve the desired control effect.

(4) Aiming at large friction, mainly the large load-independent friction, a
Simulink simulation model is established in MATLAB. The friction model takes into
account the phenomenon of stick of inerter caused by large friction. When the inerter is
stuck, the speed and acceleration of the ineter are forced to be zero at the certain time.
The simulation results show that the excessive friction not only does not have the
beneficial effect of so-called friction energy dissipation but also hinders the normal
tuning effect and energy dissipation capacity of the inerter system, and the vibration
reduction effect is greatly weaked. Meanwhile, it has been proved that this large friction
effect will be moderately weakened for large amplitude excitations or excitations with
frequencies close to the resonance frequency of the system. Eventually, it is suggested
that the stiffness ratio should be appropriately increased when controlling the middle or
largevibration; while the friction should be reduced as much as possible for the small
vibration, instead of modifying the design parameters.

(5) Design the component experiments to verify the accuracy of the friction model.
The critical friction causing the stick of inerter is deduced, and the phenomenon of stick
is observed in the recognition result of apparent mass. The experimental data shows
that there are load-independent friction and load-dependent friction in the inerter. The
magnitude of the load-independent friction is proportional to the apparent mass of the
inerter. The load-dependent friction will change greatly with the distribution of the
lubricant. When the inerter is stuck, both the load-independent friction and load-
dependent friction increase. For an inerter that is sufficiently lubricated and does not
become stuck, load-independent friction and load-dependent friction are relatively
stable. Non-self-balancing has an effect on the hysteresis curve of the inerter system.

(6) Design a shaking table test to verify the accuracy of the theoretical model.

v
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Through experimental data, it was found that the lateral stiffness of the identified main
structure was greatly reduced, and the analysis believed that this was due to friction,
connecting angle steel, cable, phase delay and other factors. The displacement reduction
rate of the main structure is analyzed, and the feasibility and effectiveness of the self-

balanced inerter system are verified.

Keywords: self-balancing, passive control, inerter system, numerical simulation,

friction effect, parameter analysis
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