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The performanceof passve vibration controltreatmentse.g.,tunedpassve vibration controllers,in-
cludingHelmholtzresonatorsarehighly systendependentThey areunableto adaptor re—tuneto chang-
ing disturbanceor structuralcharacteristicspver time. This alongwith the technologicaldvancements
suchasthe availability of high—paver/lowv—costcomputing,smartmaterials,andadvancedcontrol tech-
niqueshave ledto theuseof active vibrationcontrol. Moreover, active vibrationcontroltreatmentslo not
penalizethe weightsensitve structuresuchasthe onesusedin aerospacéy addingexcessve weightto
them.

Theimplicationof active controlis thatdesirablgperformanceharacteristicsanbe achiezedthrough
active control, wherebyactuatorsexcite the structurebasedon the structures responseneasuredy sen-
sor(s). Control of structuresinvolves a numberof disciplines,including structuraldynamics,control
theory andmaterialsengineering.

If the disturbancepr someattributesof it, could be measuredthen feedforward controllerscould
be usedvery effectively, knowing the model of the process. Whenthe processmodel hassometime-
varyingparametersr it is notknown to begin with, thenadaptve feedforwardtechniquesremostsuitable
(assumingeal-timecomputationatapabilitiesexist). Otherwise whenno attribute of the disturbancas
measurabldeedbackechniquearemostsuitablefor loweringtheeffectsof processioiseontheclosed—
loop system.

The commonsenseapproacho vibration control of structuressubjectto broad—bandlisturbancess
increasinghe damping(passvely or actively). Dependingon the sensingmechanismandthe proximity
of sensor@ndactuatorsn active structuresa few successfulictive dampingschemesreproposedy re-
searchersThey areall basedon theadditionof around+90 degreephaseshift to the open—loosystemat
the naturalfrequencie®f the modesdesignatedo be damped For examplehaving strainor displacement
asthemeasureautput,with collocatedor nearlycollocatedarrangementandfeedingbacktherate(pro-
vided by adifferentiatoraccompaniedy alow—pasdilter) hasprovento bevery effective in addinglocal
dampingto the structure.This controllerhasbeenemployed effectively in control of flexible structures.
Anotheractive dampingmechanisnis basedn positive feedbaclof theintegral of displacemenobr strain
(known asthe positive positionfeedback PPF).This techniqguemimics the attributesof a passve tuned
massdamper At low frequencieshis controlleraddsflexibility andathigh frequenciest addsstiffnessto
the structure Moreoverit alsotendsto split themodes.

Active dampingwould only lowerthemagnitudeof theamplituderatio at naturalfrequeng(ies)of the
structure. This phenomenoralthoughvery effective for broad—bandnd/orshockdisturbanceejection,
may or may not work whenthe disturbancas at certainfrequeng(ies), i.e., periodicdisturbancesThis
is becausehosefrequenciesare not necessarilycloseto the naturalfrequenciesf the dampedmodes.
The mattersbecomemore complicatedwhenthe dynamicsof the systemand/orthe frequencief the
disturbancesaretime varying,e.g. in helicopterrotor bladeswherethe naturalfrequenciesaswell asthe
disturbancdrequenciesof the bladechangesvith therotationalspeedf therotor.



Positve positionfeedbackcontrollerscould be tunedsuchthatthe naturalfrequeng of the compen-
sator(filter) correspondo the excitation frequenciestatherthannaturalfrequencie®f the structureand
thusprovide effective vibration cancellation.Anothertechniquesuitablefor cancelingthe singleor mul-
tiple frequeng vibrationis basedn adaptve filtering schemesln theseschemegeedforward controllers
with feedbackadaptatiorare used. The adaptatiorspeedn theseschemesre very fastwhenthe sam-
pling frequeny of the measuredutputis 4 timesor higher even-integer multiples of the disturbance
frequeng(ies); this samplingtechniqueis called synchronousampling. The premiseof this schemes
identifying the dynamicsof the structureonly at thefrequeng(ies) whereexcitation(s)aredisturbingthe
system.Using synchronousamplingthe plantcould be representetty a low (aslow as2nd)orderfinite
impulserespons€FIR) filter, which makesthe adaptatiorfast. Although the feedforward natureof the
controlleris attractve consideringhe stability concernsbut the adaptations basedn feedbackschemes
which makesthe systemvulnerablelik e ary otherfeedbacksystemjo stability issues.



