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ATVA's while minimizing a costbaseduponthe radiatedsoundpower or soundenergy
obtainedfrom an arrayof microphones.
The performanceof the ATVA's was investigatedtheoretically and experimentally.
Simulations of the ATVA's with the local feedback laws and global detuning
demonstratedits potential.Five setsof experimentswerecarriedout. In the first, the use
of both types of ATVA's and the local feedback tuning laws were studied and
demonstratedon a SDOF large shaker base. In the second, multiple solid state
piezoelectricand Motran basedATVA's were appliedto large steelplate locatedin the
VAL-VPI anechoicchamber.The experimentsdemonstratedthatglobaldetuningleadsto
improved sound reductionover local perfect tuning. The Motran basedATVA's were
thenappliedto the compositefuselagetestrig at NASA LaRC anddemonstratedthat the
tuning laws can work on a real structure.The Motran ATVA's werethe applied to the
VAL-VPI Cessnafuselagetestrig andnewglobal detuningcontrol lawsweredeveloped
and successfullydemonstrated.Finally the Motran ATVA's wereappliedto a flight test
of a Beechpropeller aircraft. The flight test demonstratedsound reduction when the
ATVA's weretunedto the propellerfundamentalfrequency.Howeverdueto a software
modification error it was not possibleto demonstratethe global detuningtechniquein
flight. The experimentalresultshavedemonstrated
the largepotentialof tunableATVA's
for reducinginterior noisewith a low weight, low powersystem.The proposedresearch
will build upon this work for further developmentand demonstrationof the ATVA
techniques.
The secondactive-passivetechniqueutilizes the smartfoam systemto control broadband
interior noise due to boundarylayer excitation. The smart foam elementsconsist of
standardacousticblown polyurethanefoam (the passivecomponent)with embedded
curvedPVDF elements(theactivecomponent). Much work wascarriedout studyingthe
mosteffectivesmartfoam configurationandmanufacturingtechniquein orderto increase
the control output. Threemain testswerecarriedout to demonstratethe useof the smart
foam. In the first testanexperimentalrig wasconstructedon a smallwind tunnel at VPI.
An aluminumpanel, surroundedby ananechoicbox, waspositionedflush in the sideof
thetunnel.Six smartfoam elementswereusedto coverthe exteriorsideof the panel.The
smartfoam elementswere glued directly to the plate. A feedforwardcontrol approach
was usedto minimize the radiatedsoundat an array of microphonespositioned in the
anechoicbox. Four accelerometers
locatedon the panelwereusedto provide reference
signals.The LMS filtered -x controllerresidenton a C40DSPsystemwasthus 4 by 6 by
6. The systemdemonstratedgood control of boundarylayer noise from 300 to 800Hz
with a flow rate of M=0.15. The smartfoam systemwas then applied to a real aircraft
panel locatedin a low speedwind tunnel at NASA LaRC. Again high attenuationsof
boundarylayer noise in the 300 to 1000Hzbandwere demonstratedfor flow speedsof
M=0.1. Finally the smart foam systemwas applied to an advancedaircraft Titanium
panellocatedin thehigh speedwind tunnelat AEDC, Tennessee.
Test wereperformedat
M=0.8 and 1.5.Both testsgavegood attenuationof boundarylayerradiatedsoundwith
the M=0.8 providing excellentcontrol. A surprisingresultof all of the abovetestswas
the amount of passive structural damping achieved with the smart foam at low

frequencies.The aboveseriesof testshavedemonstrateda numberof key aspectsof the
smartfoam. Firstly the smartfoam hasenoughcontroloutput to be usedon real aircraft
panelsat realflow speeds.Secondly,the feedforwardcontrol approachcanbe utilized in
real applicationswith structuralreferencesensors.Thirdly the smartfoam providesboth
high passivestructuraland acousticdampingand good active reduction giving avcry
lightweight, effective noise reductiontreatment.Further work is planned in order to
investigate and develop more effective smart foam elementsand associatedcontrol
approachesasdiscussedbelow.
The third active-passiveapproachwas focussedon developingactive trim panels for
reducing cabin noise.The focus applicationis interior noise due to a localized flow
excitationdueto vortex separationover thecrown of the aircraft.This part of the project
completedwork initiated in the previous year. The speakerexcitation sourceon the
exterior of the Cessnafuselagewas modified to include multiple uncorrelatednoise
sourceswhich is morerepresentative
of the realapplication.Testswereperformedusing
two uncorrelatednoisesourcesandtwo different typesof referencesensors;an array of
fuselagemountedaccelerometers
andanarrayof exteriorpressuresensorsmountedflush
with the fuselage.The controller was a MIMO Filtered-x residenton a TMS C40 DSP
system. The tests showed large improvementsin control performance (amount of
attenuation,global natureof the control field reductionandcontrol bandwidth)when the
pressuresensorswereusedasreferencesensorsdueto decreasingthe latencythroughtile
control path. This suggeststhat a realisticcontrol systemfor reducingflow noise dueto
vortex separationwould consistof an array of exterior flush mountedpressuresensors
whoseoutputsaredirectly summedto provide a single referencesignal.The work also
demonstratedthatthe active trim panelwill alsowork for realisticdisturbancelevelsand
form.

