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Theperformanceof passive vibrationcontrol treatments,e.g.,tunedpassive vibrationcontrollers,in-
cludingHelmholtzresonators,arehighly systemdependent.They areunableto adaptor re–tuneto chang-
ing disturbanceor structuralcharacteristics,over time. This alongwith the technologicaladvancements
suchastheavailability of high–power/low–costcomputing,smartmaterials,andadvancedcontrol tech-
niqueshave led to theuseof activevibrationcontrol.Moreover, activevibrationcontroltreatmentsdonot
penalizetheweightsensitivestructuressuchastheonesusedin aerospaceby addingexcessiveweightto
them.

Theimplicationof activecontrolis thatdesirableperformancecharacteristicscanbeachievedthrough
active control,wherebyactuatorsexcite thestructurebasedon thestructure’s responsemeasuredby sen-
sor(s). Control of structuresinvolves a numberof disciplines,including structuraldynamics,control
theory, andmaterialsengineering.

If the disturbance,or someattributesof it, could be measured,then feedforward controllerscould
be usedvery effectively, knowing the modelof the process.When the processmodelhassometime-
varyingparametersor it is notknown to begin with, thenadaptivefeedforwardtechniquesaremostsuitable
(assumingreal–timecomputationalcapabilitiesexist). Otherwise,whenno attributeof thedisturbanceis
measurable,feedbacktechniquesaremostsuitablefor loweringtheeffectsof processnoiseontheclosed–
loopsystem.

Thecommonsenseapproachto vibrationcontrolof structuressubjectto broad–banddisturbancesis
increasingthedamping(passively or actively). Dependingon thesensingmechanismandtheproximity
of sensorsandactuatorsin activestructuresa few successfulactivedampingschemesareproposedby re-
searchers.They areall basedon theadditionof around+90degreephaseshift to theopen–loopsystemat
thenaturalfrequenciesof themodesdesignatedto bedamped.For examplehaving strainor displacement
asthemeasuredoutput,with collocatedor nearlycollocatedarrangementsandfeedingbacktherate(pro-
videdby adifferentiatoraccompaniedby a low–passfilter) hasprovento beveryeffective in addinglocal
dampingto thestructure.This controllerhasbeenemployedeffectively in controlof flexible structures.
Anotheractivedampingmechanismis basedonpositivefeedbackof theintegralof displacementor strain
(known asthepositive positionfeedback,PPF).This techniquemimics theattributesof a passive tuned
massdamper. At low frequenciesthiscontrolleraddsflexibility andathigh frequenciesit addsstiffnessto
thestructure.Moreover it alsotendsto split themodes.

Activedampingwouldonly lowerthemagnitudeof theamplituderatioatnaturalfrequency(ies)of the
structure.This phenomenonalthoughvery effective for broad–bandand/orshockdisturbancerejection,
mayor maynot work whenthedisturbanceis at certainfrequency(ies), i.e., periodicdisturbances.This
is becausethosefrequenciesarenot necessarilycloseto the naturalfrequenciesof the dampedmodes.
The mattersbecomemorecomplicatedwhenthe dynamicsof the systemand/orthe frequenciesof the
disturbancesaretime varying,e.g. in helicopterrotor bladeswherethenaturalfrequencies,aswell asthe
disturbancefrequencies,of thebladechangeswith therotationalspeedof therotor.
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Positive positionfeedbackcontrollerscouldbe tunedsuchthat thenaturalfrequency of thecompen-
sator(filter) correspondto theexcitationfrequencies,ratherthannaturalfrequenciesof thestructure,and
thusprovide effective vibrationcancellation.Anothertechniquesuitablefor cancelingthesingleor mul-
tiple frequency vibrationis basedon adaptivefiltering schemes.In theseschemesfeedforwardcontrollers
with feedbackadaptationareused. The adaptationspeedin theseschemesarevery fastwhenthe sam-
pling frequency of the measuredoutput is 4 times or higher even-integer multiples of the disturbance
frequency(ies); this samplingtechniqueis calledsynchronoussampling. The premiseof this schemeis
identifying thedynamicsof thestructureonly at thefrequency(ies)whereexcitation(s)aredisturbingthe
system.Usingsynchronoussamplingtheplantcouldberepresentedby a low (aslow as2nd)orderfinite
impulseresponse(FIR) filter, which makesthe adaptationfast. Although the feedforward natureof the
controlleris attractiveconsideringthestabilityconcerns,but theadaptationis basedon feedbackschemes
whichmakesthesystemvulnerable,likeany otherfeedbacksystem,to stability issues.
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