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Seismic Control of Tuned Mass Damper System with MDOF Sliding Mode Control
Accounting for the Uncertainties
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Abstract

The control performance in active structural control system can be drastically deteriorated when the modeling errors
and the uncertainties existing in the disturbances are disregarded in the designing stage. It can even throw the control
system into an unstable phase, resulting in out of control against the seismic excitations. The purpose of the study is to
investigate the control effectiveness of a non—linear control system called sliding mode controller (SMC) in cooperation
with a Tuned Mass Damper subjected to the three seismic excitations selected from the FFT analysis. Even though the
transient performance such as settling time and overshoot were deteriorated, the robustness against the system stability
was appeared from SMC when the structural masses and stiffness perturbed within the range of +30%. SMC is a
feasible technique for active structural control in cooperation with TMD against seismic disturbances, exhibiting robustness
in perturbation of system stiffness and mass as well as uncertainties of the disturbances.

Keywords : Sliding mode control, Tuned mass damper, Non—linear control, Uncertainty
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Table 1 Maximum floor displacement of the uncontrolled structure
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Table 2 SMC response for the parameter perturbations(fixed gain)

Story Input .
Drift | Magnitude ﬁ‘;ﬁlgﬁ I;ig;
[cm] [kN]

Original 2.11 35.93 -

M+20% 1.97 37.94 6.6% Decrease / 5.2% Increase

M—-20% 2.08 32.33 1.4% Decrease / 10% Decrease

M+30% 1.90 38.51 9.9% Decrease / 6.6% Increase

M-30% 1.95 31.75 7.5% Decrease / 11.6% Decrease

K+20% 1.81 35.75 14.2% Decrease / 0.5% Increase

K—20% 2.27 35.48 7.5% Increase/1.2% Decrease

K+30% 1.65 34.87 21% Decrease / 3.0% Decrease

K-30% 2.26 36.97 6.6% Increase/2.8% Increase

MK+20%| 1.62 36.38 23.2% Decrease / 1.2% Increase

MK-20%| 2.03 34.21 3.7% Decrease / 4.7% Decrease

MK+30%| 1.38 34.57 34.5% Decrease / 3.7% Decrease

MK-30%| 1.67 31.36 20.8% Decrease / 12.7% Decrease
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Table 3 SMC roof drift control and maximum control inputs
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