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An Experimental Study on the Restoring Characteristics of the Friction Damper
with Coned Disc Springs for Base-isolation System
Takashi Nakamura Tetsuo Suzuki
Satoru Inaba

Abstract

This paper reports on a friction damper formed by coned disc springs as a part of laminated rubber bearings
in base-isolation system. The springs deformed by vertical compression push a sliding surface against a horizontally
placed stainless steel plate by making use of the rebound from the deformation. The horizontal motion caused by
earthquakes and wind causes friction between the sliding surface and stainless steel plate, and the frictional
resistance gives rise to the damping mechanism. The spring was designed to have non-linear characteristics to
produce a constant rebound force, without being affected by the height variations of the laminated rubber bearings.
First, the rebound characteristics of non-linear load-deflection curves of the coned disc springs were examined by
both characteristics tests and analysis. Second, dynamic characteristics tests of the friction damper with coned
disc springs were performed to verify that a constant friction resistance was generated. The reliability of the
friction damper with the coned disc springs was thus confirmed in application to base-isolation system. This
paper also summarizes the functions and characteristics of this friction damper as well as the conditions required
for its efficient damping performance in base-isolation system.
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Shape and Dimensions of Coned Disc Spring
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Equation Model of Coned Disc Spring
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Division of Elements of Coned Disc Spring
with Supporting Surface
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Load-deflection Curves (Experiment)
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Relationship between Tangential Stresses
in each Comer and Deflection (Experiment)
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Relationship between Tangential Stresses
in each Corner and Deflection (FEM analysis)
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Tangential Strain Distribution at Upper Surface(Experiment)
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Radial Strain Distribution at Upper Surface(Experiment)
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Friction Damper with Coned Disc Springs
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Fig20 BhiKPIEERER (0.65HZIERLEAT)

Dynamic Experimental Waves (0.65Hz, Sine-wave Input)
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Load-deflection Curves (0.65Hz, Sine-wave input)
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Fig22 E#EAH (0.65HzIEZEAT)
Ffriction Coefficient (0.65Hz, Sine-wave Input)
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Fig23 PEEERE—HEORLR (0.65HZIE5ZEATT)

Relation between Velocity and Friction Coefficient
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Fig.24 PEEARE (0.10HZIERZIEATD)
Ffriction Coefficient (0. 10Hz, Sine-wave Input)
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Fig.25 BEHELR% (033HzIEZHEAT)
Firiction Coefficient (0.33Hz, Sine-wave Input)
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Ffriction Coefficient (0.33Hz, Skinee Input)
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Ffriction Coefficient with Sand
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Ffriction Coefficient with Water
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