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Design and application of a novel type of pendulum
isolation device using universal balls
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Abstract; Aiming at the demand of seismic protection of free-standing objects, a pendulum isolation device based
on universal balls was developed. The structural characteristics and operation principle were introduced, and the
design of an isolation device for protecting a pagoda could serve as a case study. Then the finite element software
was used to analyze the bearing capacity between the universal ball and the disc. The accuracy of the damping
mechanism analysis model was verified by tests. The isolation effect of the device under the eight-degree extremely
rare earthquakes was analyzed by time history method, and was compared with the traditional friction pendulum.
The results show that the isolation device not only has simple structure and reliable performance, but also has the
characteristics of low friction coefficient, small acceleration threshold for triggering slip and flexibly adjustable
damping mechanism. The carrying capacity of the node-to-surface contact can meet the design requirement. By
means of viscous damper at one end, the damping mechanism shows obvious velocity correlation, and damping force
increases with the increase of velocity. The device can achieve the isolation target while satisfying the displacement

limit. Compared with the traditional type, when the displacement and acceleration response are limited, the device
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can achieve better comprehensive isolation effect under various seismic conditions by reasonably adjusting
parameters of the damping mechanism.

Key words: pendulum; isolation device; universal ball; damping mechanism; free-standing objects; lead screw
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Table 1  Information of seismic waves
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Kobe Nishi-Akashi NIS090 0.503
Imperial Valley Delta H-DLT352 0.351
Northridge Canyon Country-WLC LOS270 0.482
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Fig.3 Design of universal ball pendulum isolation device Fig.4 Design of damping mechanism
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Table 2  Index of material properties

R E,/GPa 0001/ MPa 0,/ MPa o, o/MPa 200/ % E,,/GPa

S30408 221 197.7 271 335 0.315 13.56
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Fig. 10  Free attenuation curve of the isolation device
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Table 3 Vibration response results of the isolation device under seismic waves
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Kobe 5.89 13.4 0.99 8.8 -34
Imperial Valley 5.88 32.7 1.46 18.1 -1.4
Northridge 5.88 15.5 1.10 7.9 3.1
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