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Precision vibration isolation plays an important role for acquiring desired accuracy in many advanced production and
measurement industries because many mechanical systems that handle micro and nano-scales in Hi-tech manufacturing
processes need to be isolated from surrounding disturbances. Moreover, modern construction vehicles and machineries,
usually passive seat suspended, are subjected to self-dislocation at inclined surface which can be retrieved by active
seat suspension through the concept of active vibration isolation. During the last three decades, dimension accuracy
requirements have progressed from micrometer range to the submicron and even nanometer range in semiconductor
industries, micro assembly, aerospace equipment and so on. With regards to these aspects mentioned above, an active

precision vibration isolation system was the focus of the present research.

Generally, there are two ways to realize vibration isolation: passive manner, and active manner. Passive vibration
isolation systems, consisting mechanical spring and damper, are poor in performance as well as are not suitable for
micro and nano-scale industries. In contrast, active systems, in principle, can do work with good performance but they
need high-performance sensor such as servo-accelerometer (costly) and actuators with good linearity characteristic.
In the present research, an active vibration isolation system was developed which needs solely low-cost displacement
sensors. Moreover, voice coil motors, providing sufficient linearity characteristic, were selected as actuators for the
developed system. In fact, infinite stiffness against direct disturbance and low stiffness suspension against ground
vibration are the two required conditions needed simultaneously to isolate vibration. To obtain these two criteria
simultaneously, the developed system was fabricated based on the series combination of two isolators connected with
two moving stages, i.e., the developed system is a double-stage active vibration isolation system. In addition, two
different control methods: (i) negative stiffness technique and (ii) displacement cancellation technique individually
were applied to the developed system and the respective behaviors of the developed system were investigated. It was

observed from the experimental results, the system with displacement cancellation technique has good characteristics



to isolate direct disturbance whereas the negative stiffness technique could isolate both disturbances sufficiently but the

range of controllability is narrow.

Nevertheless, a limit cycle phenomenon, varying with the variation of the controller parameters, was observed for
negative stiffness technique, which usually occurs in a system due to friction nonlinearity. The describing function
method was applied to identify this limit cycle theoretically and to establish the relation between limit cycle behaviors
and magnitude of controller parameters. The theoretical limit cycle was verified by the experimental limit cycle
measured by the time response to the self-oscillation of the system. It is observed from theoretical and experimental
analysis regarding nonlinearity due to friction in a negative stiffness control system that higher stiffness and higher

damping ratio in design the negative stiffness controller causes the frequency of the induced limit cycle lower.

Furthermore, the transient behaviors often deteriorate the objective function of a vibration isolation system. The
unpleasant transient responses against an impulse or a step-wise disturbance are unacceptable in sophisticated micro
manufacturing processes. In the current research, to overcome such problems, a feedforward control associated with
disturbances was added to the original controller. However, in most cases, disturbances are unpredictable as well as
the using of a feedforward control, improving transient responses, is limited. In this research work, to improve the
dynamic behaviors independently of the disturbances identified in the system, an acceleration feedback was added
with the original controller. MEMS accelerometers were solely used to measure the acceleration; favorably, MEMS
accelerometers are low in cost, small in size, and have multi-axis measurement capability. However, the acceleration
measured by a MEMS accelerometer carries undesirable noise. To avoid the effect of noise on the acceleration feedback,
the acceleration estimated by a kalman filter was used in the previous study instead of direct measured acceleration.
Addition of acceleration feedback with original controller improves the dynamic responses of a system independently
of the disturbances identified on the system. MEMS accelerometer with Kalman filter algorithm is proposed in this

research to deduct the increase of additional cost due to adding of acceleration feedback to the controller.

The zero-power control is one of the means of reducing power consumption by a control system, which behaves like
a negative stiffness control and the control current converse to zero at steady-states. On the other hand, the integral
control is a common approach for realizing zero-compliance but it accompanies power consumption even in steady-
states. Therefore, in a conventional control system, simultaneous zero-power and zero-compliance characteristics are
incompatible with each other. A new mechanism is proposed to overcome this difficulty which consists of a zero-power
control magnetic suspension system connected with a normal spring (positive stiffness) in series, where the stiffness
of the magnetic suspension and the normal spring are equal in absolute magnitude. On the other hand, if an integral
control is applied instead of the zero-power control to obtain the proposed mechanism, in principle, it would cause zero
compliance independently of equal stiffness, but there is power consumption. By analyzing the cost function, it is found
that the optimal control point is an intermediate control between zero-power and integral control for a zero-compliance

system.

A multi-DOF control system, using same number of individual local controlled units is proposed to isolate multi-
directional disturbances simultaneously in this work as well. There are two different mechanisms for realizing multi-
axis-freedom-of-control: suspension mechanism and parallel mechanism. The parallel mechanism is assumed to apply

in the current investigation.
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