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ABSTRACT

At present, vibration is unavoidable in daily life and can disturb sensitive
machines and equipment. An air mount is a low cost solution for vibration isolation
that can achieve reasonable vibration reduction of a payload in high frequency range.
However, it suffers from low damping and cannot achieve the performance of more
expensive active systems. Hence, the idea of this research is to study the feasibility of
using a combination of a pneumatic isolator and a switching valve with Pulse Width
Modulation technique to improve the isolation characteristics of the pneumatic
isolator through active control techniques. A solenoid operated switching valve is a
mass-produced low-cost item used in industrial applications to direct flow of air to a
desired path. The proposed vibration isolation technique is not complicated, in terms
of hardware set-up, and is inexpensive.

A three degree-of-freedom vibration isolation prototype is designed and built
to test the proposed technique. Experimental results confirmed that the vibration
ripple of the payload due to valve switching can be kept at low levels (a few microns),
suggesting that the method could work well if an appropriate feedback controller can

be designed. First, a controller is designed based on a continuous-time model. A

controller K(s)=k(s* +bs+c) is obtained by the poled placement approach with a
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simple target of reducing the natural frequency and increasing the damping of the
system. However, the actual system behavior does not match well with this theory. It
is shown that the PWM process involves a signal sampling effect that should also be
accounted for, and means that the continuous-time model must be converted to
discrete time. This transformed model gives predicted characteristics that are worse
than the previous continuous model. This effect is largely due to the natural frequency
of the system being too close to the operating frequency of the switching valve. To
overcome this problem a discrete time controller is designed. A controller with form
K(z)=k(A + A,z + 4,z) is implemented and tuned by experimental testing. With
this controller, the natural frequency can only be slightly changed but the measured
isolation performance is improved for frequencies close to the natural frequency.

In order to get better results and further develop this approach the switching
valve design has to be improved in terms of power, linearity and working frequency.
The active control of pneumatic vibration isolator with switching control will be
possible according to the theoretical analysis and may be an attractive option for low

cost vibration isolation applications.



