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.

OFA FUIJX3CALEAIRPLANEWINGL

By DwightO.Fesrnow

suMMARY

An investigationto determinethestructuraldampingcharacteristics
ofa full-scaleairplanewingwasconductedby theshock-excitationmethod
whereinthewingwasloadedto a predetermineddeflectionandtheload
suddenlyreleased.Thetestspecimenvibratedat itsfundamentalbendimg
frequencyof1.69 cyclespersecond.Onlythefirst2 or3 cyclesshowed
anyindicationofa higherfrequencybeingsuperimposeduponthefunda-
mentalbendingfrequency.Thedampingwasfoundto increasefromabout
0.002ofcriticalatanamplitudeofvibrationoftO.05inchtoapproxi-
mately0.006ofcriticalatan amplitudeof*5 inches.

Thetrendtowardlarger

INTROIXETION

andfasteraircrafthasplacedincreasing
emphasisontheimportance.ofthedynamicresponsepropertiesofair-
planewingstructures.Oneoftheparametersinvolvedinthecomputa-
tionsofthesedynamicresponsecharacteristicsisthestructural
dampingfactor.Althoughsomeexperimentaldataareavailableconcerning
thedampingpropertiesoffull-scaleairplanewingstructuresatrela-
tivelysmallamplitudesofvibration,verylittledataareavailableat
largeamplitudes.Inconnectionwithonephaseofa fatigueprogramon

, full-scaleairplanewingstructures,itbecamenecesssqto determine
thedampingcharacteristicsofthestructurebeingtested.Thispaper
presentstheresultsofthattestandinadditionshowstheeffectof
amplitudeofvibrationonthedampingfactor.

DESCRIH?IONOFAPFAFUTUS

Theinvestigationdescribedhereinwasconductedona modifiedwing
ofa C-k6Dairplanewhichhadbeensubjectedto about600hoursofflight
service.Thedimensionsoftheunmodifiedwingareasgivenintable1.

%upersedesN/sJARM L51A04“InvestigationoftheStructuralDamping
ofa Full-ScaleAirplaneWing,”byDwightO.Fesznow.
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NACATN 2594

Thestructuralelementsofthetestspecimenweretypicalof
modernairplane-wingstructures,beingoftheriveted,stressed-skin,
two-sparconstructionwithconventionalribsandhat-sectimstiffeners.
Thesparsweremadeup ofrelativelyheavyT-shapedetirusionsfor
flangesandsheetmaterialreinforcedby extrudedanglesforshearwebs.

Becausetheprtirypurposeofthistestspecimenwasforusein
a fatigueprogramonfull-scaleairplanewingstructures,certainmodi-
ficationsweremadeto theairplane.Theoriginalwing-fuselageattach-
mentswereleftintactby cuttingthefuselageinfrontofandbehind
thewing. Thesectionofthefuselageincorporatingthewingwas
invertedandsupportedbetweepstructuralsteelbackstops.Theleft
andrightwingouterpanelswerecutoffat thestation4-05inchesfrom
thecenterlineofthewing-fuselagecombination;thusthespanwas
reducedfrom1296inchesto 81oinches.Theshearmaterialofthetwo
sparsinboththeleftandrightwingpanels,fro-mapproximatelysta-
tion305to station405,wassubstafiiallyincreased.Thismodification
wasnecessaryto accommodateconcentratedmasses,orweightboxes,which
wereusedinthefatigueteststo reproducelevel-flightstressesat
station214. Thecentersofthepasseswerelocatedat station414on
boththeleftandrightsemis~n.Variousotherlocalmodifications
alsoweremde at station405to accommodatetheconcentratedmasses.
Itwasthought,however,thatthemotiicationsnecessaryto support
theweightboxeswouldnotmateriallyaffectthedampingcharacteristics
ofthetestspecimen.A generalviewofhalfthetestsetup,whichwas

- symmetricalaboutthecenterlineofthewing-fuselagecombination,is
‘!

showninfigure1. Thefigureshowsthefuselagesupportedbetweenthe
structuralsteel%ackstopsandtheleftwingwithweightboxattached.
A@o maybe seenthereleasemechanismattachedtotheboxanda flexible
cable~ toa hydraulicram. Thisramwastheloadactuatorused
to obtaintherequiredvaluesof initialdeflection.Thereleasemecha-
nismwasa triggeredtogglejointactuatedby rupturinga boltwithan
explosivecharge.Theexplosivecapsinthetworeleasemechanisms
used,oneoneachsemispan,werewiredin seriesandfiredfroma
comnonswitch.Releasesweremadesimultaneouslywithin0.001second.

Theinstrumentationconsistedoffouracceleration-sensitivepickups
anda regordingoscillograph.Threeoftheaccelerometerswerelocated
ontheleftweightboxat station414withoneeachontheleadingedge,
the30-percent-chordposition,andthetrailingedge.Thefourthaccel-
erometerwaslocatedontherightweightboxatthe30-percent-chord
positionof station414. Theoutputfromtheacceleration-sensitive
pickupswasfedthroughthenecessarybalanceboxesintoa recording
oscillograph,andsimultaneousthe historiesofthe.vibrationwere
obtained. .:

.



NACATN 2594

TESTAm PROCEDURE

3

Thetestsconsistedof shock-excitingthewingspecimenandthen
measuringitsdecayfunctionastheresultingamplitude,ofvibration
decreasedto zero.Thewingwasshock-excitedby loadingeachsemi-
spansymmetricallyuntila predetemaineddeflectionwasreachedandthen
simultaneouslyreleasingtheappliedloadsby thequick-releasemecha-
nisms.Theloadswereappliedbythehydraulicramsthroughtheflexible
cableandquick-releasemechanism.Theconcentratedloadsthusapplied
actedthroughthecenterofmassoftheweightboxes.Thiscenterof
masswaslocatedat theestmted centerofpressureoftheairload
outboardof station214,ifan air-loaddistributioncorrespondingto
a positivelowangle-of-attackconditionisassumed.

Testswerenwiewithsixinitialincrementaldeflections(measured
at station414)rangingfrom1.6to5.6 inches.Ineachtestthedeflec-
tionwasincreasedovereachpreviousdeflectionby incrementsof
0.8inch.

Immediatelypriorto releasingtheloadateachvalueof initial
deflection,therecorderwasturnedonanda completerecordofthe
accelerationwasobtainedasthewingvibrationsdecreasedtoverysmall
amplitudes.

.

DISCUSSIONANDRESULTS

A sampletime-historyrecordasmeasuredby fouraccelerometersis
showninfigure2. Thedifferenceinthemagnitudeanddirectionof
thevarioustracesshowninthisfigureisnotnecessarilydueto
differencesinabsoluteaccelerationanddirectionsincethesevalues
dependdirectlyuponthecalibrationofeachaccelerometer.Check
calibrationswhichwereaccomplishedhmediatelyfollow@gthepresent
investigationindicatedthattheaccelerometerusedatthe30-percent-
chordpositionontheleftwingwasslightlyfaulty;thisdefect
accountsfortheirregularshapeofthatparticulartrace.Thesecali-
brationsalsoshowedthatallfouraccelerationswereinphase.The
smoothnessofthetracesshowninfigure2 indicatesthelackof super-
imposedfrequencies.Onlythefirst2 or3 cyclesofvibration,after
thereleasehadbeenmade,showedanyindicationofhigherfrequencies
beingsuperimposeduponthefundamentalwingbendingfrequencyof
L69 cyclespersecond.Thefundamentalbendingfrequencyofthe
unmodifiedwingoftheC-k6Dairplane,as foundduringgroundvibration
surveys,was5.6 cyclespersecond.Thisreductioninfrequencyis
duetotheadditionoftheconcentratedmassesat station405.

—_- _. -- —————--— -———.——— ...— — —.—————.. .-———
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Datareductionforthepresenttestswasaccomplishedbymeasuring
themsxtiumamplitudeforeachcycleontheaccelerationtime-history
records.Calculationsthenpermittedthedeterminationoftheactual
amplitudeofvibrationofthewing. Thesedatawerethenplottedon
semilogpaperasa functionofcyclesofvibration.A compositeofall
thedataisshownby thecurveoffigure3. Thespreadinthedatafrom
whichthiscurvewasdeterminedwasaboutt3percent.Figure3 is
significantinthatthelinefairedthroughthetestpotitsisa curve
ratherthana straightline.Thistidicatesthateitherthedamping
factorisnotconstantorthedampingisnotviscous.I

Ontheassumptionthatviscousdsmpingexisted,computationsfor
thedampingfactorweremadeby utilizingthecurveoffigure3 and
thefollowingequation:

c ‘%L lo% ——=
cc zfl %+N

(1)

where

c viscousdampingcoefficient,pound-secondsperinch

cc criticaldampingcoefficient,pound-secondsperinch

c dampingfactor.
g

N=60

% ratioofamplitudes,60cyclesapart,takenfroinanyline
Xn+N tangenttothedecaycurve

Equation(1)isa modifiedformofthebasiclogarithmic-decrement
equationwhichcanbe foundinreferences1 and2. A largevalueof N
waschosen(N= 60)toreducetheinherenterrorintakingsmalldiffer-
encesofrelativelylargenumberswhenthereadingaccuracyisa fixed
quantity.

Sincein
convenientto

fluttercalculationstheparsmeterg is generally

usethan C/Cc,itmightbewelltopointouthere

Thisrelationshiphasbeenderivedinreference3.

more
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Theresultsofthecomputationsto determinethedampingfactor
areshowninfigure4 whereamplitudeofvibrationisplottedas
functionofthedampingfactor c/cc onrectangularcoordinate
Thisfigureshowsthatthedampingfactorincreasesfromabout
c— = 0.002 foranamplitudeofvibrationofiO.@ inchto about
cc

a
paper.

0.006

atanamplitudeof*5 inches.Novaluesof dampingfactorwereobtained
athigheramplitudesthanthoseshownbecauseofthestrengthlimitations
ofthetestspecimen.Similarly,nolowervaluesof dampingfactorwere ‘
obtainedbecauseof instrumentlimitation.

Figure4 alsoshowsthedampingfactorplottedasa functionof
totalmaximumwingdeflectionandpercentofestimatedultimatewing
deflection.Themeandeflection,thatis,thedeflectionresulting
fromtheconcentratedmasses,is3.2inches.Theamplitudesofvibra-
tionstartaboutthisvalueofmeandeflectionwhichisZL.6percentof
estimatedultimatedeflection.Thus,althoughthemaximumamplitudeof
vibrationmeasuredby theaccelerometersisonlyabout*5 inches
totalmaximumdeflectionatthepointisabout8.2inchesor55.L g-
centoftheultimatedeflection.Theassumptionseemsreasonable,
however,thatthevalueofmeandeflectionwouldnotmateriallyaffect
theresultsshowninfigure4 unlessitwerelargeenoughto causethe
maximumamplitudeofvibrationto exceedtheyieldstrengthofthewing.
Italsoseemsreasonableto assumethatthecurveoffigurek doesnot

approacha valueof ~ = 0.0065asymptoticallyas isindicatedby the
c ,.

curve,butratherthat,astheultimatedeflectionisapproachedand
theyieldstrengthofthemate-rialisexceeded,thecurvewouldhavea
pointof inflectionandthenapproachsomehorizontallineasymptotically.
Moretestswouldbe necessaryto substantiatethisassumption.

Thevaluesofdampingfactorpresentedhereinareassumedtobe
Parametersof stmctmal dampingonly;Thisassumptionissubstantiated
by theresultspresentedinreference4 whichshowthattestson iden-
ticalwingpanelsatpressuresof1 inchofmercuryand30 inchesof
mercuryrevealednoapparentchangeindampingfactor.

The informationin reference4 alsoindicateda sizablefrequency
effectonthedampQg.factor,buttheauthorpointsoutthatthevalues
obtainedcanbe re~ded as onlyofthecorrectorderofmagnitudewith
no claimto accuracy.Thedataofreference4 doindicate,however,
thatthedampingisdoubledwhenthefrequencyisincreasedby a factor
ofabout3.5. (Thefactorof3:5isalsotheapproximateratioofthe
unloadedC-M wingbendingfrequencytothefrequencyofthepresent
testspecimen.)It isinterestingtonotethatwhenthisratioof
frequencyto dampingisappliedto thedatapresentedherein,reasonable

. ——.— .-—— —— —- --— —-——————-



6 NACATN 2594

agreementisrealizedwiththedataofreference4. Untilmorecom-
prehensivetestsaremade,however,thevaluesofdampingfactorpre-
sentedhereinareapplicableonlyat a frequencyof 1.69cyclesper
secondandcautionmustbe exercisedinapplyingthedatato structures
withhigherfrequencies.

CONCLUDINGREMARKS

An investigationto determinethestructuraldampingcharacteristics
ofa full-scaleairplanewingwasconductedbytheshock-excitation
methodwhereinthewingwasloadedtoa predetermineddeflectionandthe
loadsuddenlyreleased.Thetestspecimenvibratedat itsfundamental
bendingfrequencyof1.69cyclespersecond.Onlythefirst2 or
3 cyclesshowedanyindicationofa higherfrequencybeingsuperimposed
uponthefundamentalbendingfrequency.Thedampingwasfoundto
increasefromabout0.002of criticalatanamplitudeofvibrationof
~o.o~~ch to app~~tely 0.006 of criticalatm EU@itUdeof
25tides.

LangleyAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

LangleyField,Vs.,January15,1951
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GEOMEI’RIC

TABLE1

CHARACTERISTICSOFC-k6DWINGS

Airfoilsectionfromcenterlineto
Airfoilsectionfromstation192to
graduallyto . . . . . . . . . .

Wingarea,squarefeet . . . . . ..
Wingspan,feet,.. . . . . . . . .
Tipchord,theoretical,inches. .
Rootchord,inches. . . . . . . .
Taperratio. . . . . . . . . . . .
“Meanaerodynamicchord,inches. .
Incidenceat’wingroot,degrees. .
Mcidenceatwingtip,degrees. .

station192
tipchanges
. . .
..-
. . .
---
. . .
. . .
:..
. . .
. . .

Dihedralat 70percentchord,degrees. .
Sweepback,leading“edge,degrees. . . .
Aspectratio . . . . . . . . . i . . . .
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