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ABSTRACT

This research studied the behaviour and design of a passive vibration isolation mechanism.
First, a negative stiffness device was proposed to be used in the mechanism by fitting in parallel
with supporting springs in order to improve the isolation band. The negative stiffness mechanism
incorporated a cantilever beam which was first assumed to be a rigid structure for design purposes.
The beam is horizontally attached to preload by pin joints and with an external force at both ends
that provides axial loading. Simple construction and assembly were a main concern for the design
of the zero stiffness mechanism. Subsequently the system was designed with clamped instead of
pinned both ends of the beam. To investigate the performance, the 1-DOF vibration isolation
prototype was tested with the mechanism incorporated in the structure. The vibration isolation
band was improved by inclusion of the negative stiffness device. The design of the mechanism
was modified in order to incorporate it in a 3-DOF passive vibration isolation prototype. The
length of the cantilever beam was reduced and the structure made more compact. Based on the
experimental results, the system did not perform as expected in terms of characteristics. This was
because the beam end conditions did not match exactly with those considered for the initial

design model. To improve the model, Timoshenko beam theory was used to find the



mathematical model of the beam that accounted for axial compression forces. Boundary
conditions were clamped for both ends. Based on this model, it was found that the system natural
frequency is reduced when the axial compression force is increased. Furthermore, the system
natural frequency was decrease rapidly when the compress force reaches a critical value. This

critical value is a maximum force that will make the natural frequency of system zero.



