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Development of a semi-active damper applied for weak wooden houses
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Japan is a country where earthquakes frequently occur. Due to a huge
earthquake, many houses have been destroyed in the past. One of these causes




includes the fact that the seismic strengthening construction of buildings based
on the old earthquake proofing standard has not progressed. Generally, the
vibration control device containing oil damper or MR (Magneto-Rheological)
damper has been used in large-scale and reinforced buildings. However, the
seismic strengthening construction does not spread to narrow wooden houses,
because the vibration control devices, such as o1l damper and MR damper, are
large and expensive. A small and low-cost vibration control device is required
for narrow wooden houses.

In this thesis, we develop a seismic control device and build a semi-active
seismic system for narrow wooden houses. Unlike the conventional approach,
the linear-motion electrical generator is employed as an actuator of the
vibration control device in the proposed system. The vibration control device is
constituted to generate damping force when the vibration control device
vibrates and generates the induced electromotive force. When the
conventional damper supplies electric power to the device, it controls damping
force. The proposed device can control the damping force with PWM (Pulse
Width Modulation) signal. The vibration is suppressed by the device when
displacing a resonance frequency of the building. The viscous decrement
coefficient describes a characteristic from the characteristic examination of the
control on vibration devices. In the proposed system, a wooden house is modeled
to build a semi-active seismic system. Furthermore, a control law is designed
using the sliding mode control method.

This thesis consists of 6 chapters. Chapter I describes the introduction of this
study, including social background and reviews. Chapter 2 illustrates the
structure of a damping device. The viscous damping force can be changed by
adjusting the electric current flowing through the coil. Here, varying the
interval of electric current flow by PWM signal is determined in order to vary
the value of viscous damping coefficient. Chapter 3 shows the control system
designing based on a sliding mode control method. In the control system, the
control rule is designed to suppress the vibration of the wooden house. Chapter
4 demonstrates the simulated result of the proposed control system. When the
simulation added earthquake vibration, it shows a result of the displacement.
Chapter 5 described the experimental result of the displacement of the
simulated wall. The device suppressed the vibration of the wall when the wood
frame applied a semi-active seismic system. Chapter 6 summarizes the results
of this research.
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