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ABSTRACT

This paper describes a theoretical and experimental investigation into an active vibration isolation system
in which four electromagnetic actuators are installed in parallel with each of four passive mounts placed
between a piece of equipment and a vibrating base structure. Decentralised velocity feedback control is
employed, where each actuator is operated independently by feeding back the absolute equipment velocity
at the same location. Although one end of each actuator acts at the sensor positions on the equipment, the
control system is nor collocated because of the reactive forces acting on the flexible base structure, whose
dynamics are strongly coupled with the mounted equipment. Isolation of low frequency vibration is
considered where the equipment can be modelled as a rigid body and the mounts as lumped parameter
springs and dampers. Control mechanisms are discussed, and some experimental and simulation results are

reported.
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(a) Impedance diagram (b) 2 degrees of freedom system
Figure 1. A single mount vibration isolation system
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Figure 2. Active vibration isolation in a two d.o.f system;

before control but coupled (solid) and uncoupled (dotted),

after control with H=I0c, (dashed) and H=100c,,

(dash-dotted). (dB ref.=10 % my/s)
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Fig. 3 A three-dimensional rigid equipment structure
supported upon four mounts
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Figure 4. Experimental set-up for the active isolation
system on a free-free-clamped-clamped base plate
structure.
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Fig 5. Structure of the active isolator; ® Electromagnetic
Actuator, @ Bolt, @ Support, @ Stinger , ® Equipment
Structure (Al), ® Upper and Lower Adapters (Al), ®
Rubber Mount.
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(b) on the flexible base

Figure 6. Plant responses when only the actuator at Node
1 is active; experiment (solid) and simulation (dashed).
(dB ref =10 m/s)
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Fig. 7 The total kinetic energies of the equipment

structure according to the gain H, without controi(solid)
and with control(dashed). (dB ref.=10"'"J)
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Table 1.C ison of the control performances.
. Gams Oversall reduction{dB)
Absolute gmﬁ:
Value, k Ratio Theory Experiment
110 0215 -7.3 -7.1
320 0.626 -10.9 -9.9
1000 1.955 -15.0 -14.0
3350 6.548 -18.2
10000 19.546 -20.9
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(b) Simulations
Figure 9. Base response according to the gains H;
without control but coupled(solid) and uncoupled(dotted),

and with control(dashed).
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