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SUMMARY

Oscillatoryhinge-momentcharacteristicshavebeenobtainedfrom
free-flighttestsoftworockat-paweredmodelseachequippedwitha
60°sweptbackclippeddeltawingfeaturing= unbalanced,constsnt-chord,
full-spantrailing-edgecontrol.Onecontrolhada sharptrailingedge,
andtheotherhada trailing-edgethicknessequalto 1/2thethickness
at thehingeline.Datawereobtainedat zeroangleofattackandcon-
trolreducedfrequenciesranged”frornO.09to0.035.TheWch ntier range
oftheinvestigationwasfrom0.4to 1.9.

b
Resultsindicatethatexceptfora regionofmildinstabilitybetweeri

theMachnunibersof0.75 snd0.9,aerodynamiccontroldsmpingwasstable
u up tonearsonicvelocitieswherecontrol-surfaceflutterdevelopedfor

bothmodels.Fortheblunt-trailing-edgecontrol,thisinstabilitycon-
tinuedto a Machnumiberofat least1.3. Aerodynamiccontroldamping
wasfoundtohe verysensitiveto amplitudeof oscillationat transonic
speeds.

Aerodynamiccontrol-restoringmomentswerestablethroughoutthe
Wch rangeforbothcontrols.Increasingtheoontroltrailing-edge
thicknesshadlittleeffecton controldamping”momentsbutincreased
thestabilityofthecontrolrestoringmomentsan averageof12p&cent
at supersonicspeedsand35 percentat subsonicspeeds.

INTRODUCTION

Oneofthetroublesomefeaturesofthetransonicandlowersuper-
sonicspeedrangesisthephenomenonof singledegree-of-freedomcontrol-
surfaceflutteror controlbuzzas it isreferredto sometimes.Although

m theexistenceofthistorsionalinstabilityispredictedby two-
dimensionalpotentialflowtheory(refs.1 and2),thereis experimental
indicationthatshockseparatedflowalsomayhavean importanteffect

s
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(refs.3 and4). Someofthemorerecentinvestigationsconcerning
thisproblemcanhefoundinreferences5 to9. .

Insm effortto obtainadditionalexperimentalinformationrelating
to thisproblem,a rocketmodelinvestigationemployingthefreeoscil-
lationtechniquewasconductedtomeasuretheoscillatoryhingemoments
at zeroangleofattackoftwotrailing-edgecontrolsona 60°sweptback
deltawingforMachnumbersbetween0.4and1.9. Reynoldsnumberbased

onthewingmeanaerodynamicchordvariedfrom3.5 x 106to 19 x 106.
Controlreduce&frequenciesrangedfromO.09to0.035. Datawereobtained
at controloscillationamplitudesbetween*l”andk3°at subsonicspeeds.

At supersonicspeedssomedatawereobtainedbothat lowamplitudes
()
+0

andathighamplitudes(+3° to+140).
. .

Resultsarepresentedhereinmd arecomparedwithpotentialflow
theorysmdtunneltestresults.

Preliminaryresultsof oneofthepresenttestflightshavebeen
presentedpreviouslyinreference7.

SYMBOLS

c controlchord,ft P

v free-streamvelocity,ft/sec

M Machnumber

q free-streamQmmic pressure,lb/sqft

R Reynoldsnumberbasedonwingmeangeometricchordof1.486ft

%
aero~mic controlhingemomentperunitdeflection,
ft-lb/radians

—-.

Ch controlhinge-momentcoefficient,Controlhingemoment —
2M’q

5 control-surfacedeflection,positivetraili~edgedown,
radiansexceptasnoted

6 timederivativeofcontrol-surfacedeflection,radians/see *

*
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controlrestoring

perradian

controldamping

perradian

controldamped

controldamped

Realpart of~momentcoefficient,
2M’q

momentcoefficient,Imaginarypartof~
2M’qk

naturalfrequency,radiansjsec

naturalfrequencyin stillair,radians/see

3

controlreducedfrequency,W
F

momentof controlarearearwardofandabouthingeline,cuft

controlspan,ft

flutterderivative, — (seeref.2)
“%@l c2~L

flutterderivative,
-%,0 &

modellongitudinalacceleration,

(seeref.2)

ft/sec2,

Tn.stabilitynotation,thesymbols~ and
%

sredefined
u>~ ,0

as follows:
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MODELSANDTESTS

Models
.-

Themodelsusedinthisinvestigationconsistedofa pointedcylin-
dricalfuselageeqtippedwith60°sweptbackclippeddeltawings.Verti-
caltailfinsprovidedyawstability.Themodelswereidenticalexcept
forthecontrolpluckingsystemandcontrol-surfacesection.Thefuse-
lageconsistedofa fabricatedaluminum-alloycorewrappedwithmhogany.
Thenoseconewasplasticandthetailsectionwasa magnesiumtube.A
sketchofthemodelsshowingdimensionsispresentedinfigure1 and
photographsofthemodelsareshowninfigure2.

Thew@gs wereof solidmagnesiumalloyandhadanNACA65Ao05air-
foilsection.Therightwingpaneledmiieda constant-chord(13percent
exposedwingrootchord),full-span,traili~-edgeconlrol.Thecontrol
washingedat itsleadingedgethrougha csmtilever-typeflexurehinge.
Thespanwisedistributionofflexurehingeand,hence,-extentof sealed
gapcanbe seenformodelA infigure2(c).Theregionof sealedgap
formodelB extendedovertheentirecontrolspanexceptfortheout-
board10percent.An auxiliarypin-typehingewaslocatedinboardthe
fuselageto restricttranslationoftheflexurehingeattheinboard
end. (Seefig.3.)

Thecontrolsweremadeof steelandhada modifiedwedgesection.
ThecontrolofmodelA hada sharptrailingedge,andthecontrol
trailing-edgethicknessof’modelB wasone-halfthat07thehingeline
thickness.Seefigure1 forcontrolsection.

Experimentallydetermineddynamicalcoristantsofbothmodelsare _
presentedintableI.

.-

FlightTests

TheflighttestswereconductedattheLangleyPilotlessAircraft
ResearchStationatWallopsIsland,Va. Bothmodelswereboostedto a
Machnumberofabout1.9 andcoastedbackdowntheMachnumberrange.
ThecontrtipluckingsystemswerestsrtedJustbeforelaunchingand
mostoftheusabledatawereobtaineddtiingtheboostedportionofthe
flightswhenthemodelswerebeingacceleratedlongitudinallyfrom24to
30timestheaccelerationof gravity.

ExistingflightconditionsresultedinthevaluesofReynoldsnum-
beranddynamicpressurepresentedin figuresk and5 as a function of
Mch number.

●
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12WIRUMENlATION

Inductance-typeinstrumentsmeasuredtimehistoriesof control
deflection,totalpressure,andnormalaccelerationofbothwingpanels.
Thesedataweretelemeteredto a groundreceivingstationandrecorded.
Responseofthemeasuringandrecordinginstrumentationwassuchasto
reqtireno correctionto therecordeddataatthefrequenciesencounte=d
inthetests.

A radiosondewasusedto obtainatmosphericdataat allflightalti-
tudes.Flight-pathdatawereobtainedfromSCR-5~trackingradar,and
CWDopplerradarwasusedto determineititialflightvelocityandlongi-
tudinalacceleration.

TECIOiIQUE

Thefreeoscillationtechniquewasusedinthisinvestigation.
Thecontrolswerepluckedperiodicallybymeansofa motordrivencsm
(seefigure3 forsketchof controlpluckingsystem)andtheresultant
freeoscillationsofthecontrolwererecordedas showninfigure6.. Withtheassumptionsthatthecontrolmotionwaseffectivelyrestricted
to onedegreeoffreedomandthattheaerodynamicdsmpingforcesonthe

d controlcouldbe representedadequatelyby viscousforces,thein-phase
orrestoringcomponentofthecontrolhingemomentswasobtainedfrmn
thefrequencyof’thecontroloscillationsndthecontrolout-of-phase
ordampingcomponentwasdeterminedfromtherateoflogarithmicgrowth
ordecayoftheoscillation.Theprocedureusedinreducingthedatato
obtaintheaerodynamichinge-mnmentcoefficientsispresentedinthe
appendix.

ThefrequencyofthepluckingactionformodelsA andB was3 cps
and5 cps,respectively.ThesmplitudeatwhichthecontrolsofmodelsA
andB werereleasedattheendoftheirrespectivepluckingactionsw“as
3.0° and3.5°.

CORRECTIONS

WingEffects

Evidencethatthewingswereoscilhtinginflightwasobtained .
throughtheuseofwingvibrometerslocatedas showninfigure1. Fig-
ure6 showsa portionofthetimehistoryofthewingvibrometertraces
forbothmodels.Theseoscillationscanbe seento consistofa funda-~ mentalfrequencyeqwl to thecontrol~eqyencyandoneormore
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harmonics. Thus,itisconcludedthatthecontrolwasexcitingthe
wingby meansofinertialandaerodynamicloads.It shouldbe mentioned
thatthesmplitudeofthesewingoscillationswassmall(notmorethsn
*0.03inchatthevibrometers)throughouttheflights.

Concerningtheinertialeffectsofthewingmotionon control
restoringmoments,an expressionrelatingthecoupled.freqyencyofan
undampedtwo-degree-of-freedomsystem(wingfirstbendingandcontrol
rotationmodes)withthecontrolnaturalfrequencywagobtainedas a
functionoftworatios:theratioofwingfirstbendingfrequencyto
controlnaturalfrequencyandtheratioof controlinertiaaboutthe
hingelinetothewingfirstbendinginertia.Usingthisexpression
witha calculatedinertiaratioof0.066 anda frequencyratioof2
resultedina changeincontrolfrequencyof1 percent.Thischsnge
infrequencyisabouta maximumfortheinvestigationandindicatesthe
inertialeffectofwingmotiononthecontrolrestor~ momenttobe
about2 percentorless. -. ..—

Theauthorwasunableto justi~thedamping-momentdatainthe
aforementionedmanner.However,someindicationthatthecontrolmotion
waseffectivelysingledegreeoffreedomat lowfreque-nciescanbe
obtainedfromtheclean-lookingstill-airresponseofmodelA control
toa“stepinputaspresentedinfigure6(c).Also,at flightfrequencies
(seefigs.6(a)and6(b)),therearenoapparenteffectsofthewing
motiononthecontroltracealthoughitwouldbe expectedthatthehigher
frequencycomponentsofthetingmotionswouldappearonthecontrol
traceif strongcouplingofthemotionswerepresent._

.

—- ————

Inviewofthepreceding”remsrks,itisbelievedthattheeffect
ofthewingmotiononthetestresultsprobablyissmall.

AccelerationEffects

Mostofthedataobtainedinthisinvestigationweremeasuredduring
a conditionofhighlongitudinalacceleration(24to 30timestheaccel-
erationof,gravity).Appropriatecorrectionsfortheinertialeffects
oftheseaccelerationswereappliedtothedataas shownintheappendix.
No correctionswereappliedtothedataforanyaerodynamiceffectsof
thisacceleration.

Itshouldbe mentionedthattheeffectofrocketmotorvibrations
onthetestresultswasinvestigatedandfoundtobe negligibleboth
fortherestoring-momentdataandthedamping-momentdata.
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ACCURACY

Thefollowingprobableerrorshavebeenestim.tedfortheresults
oftheinvestigation.M thepresentusage,probableerrroristhe
valuethatanygivenerrorwillas likelyfallunderas exceed.

Errorin C
Errorin %

Machnumber
% al(+) az(-)

0.5 *1$
K)oll -----

.74
9

*.07 -----

.96 + *.05 -----

1.02 q *.1O *O.17

I.b --- *.O4 +.06

RESULTSANDDISCUSSION

ControlPulsingSystems

Thecontrolpluckingsystem,desimedoriginal-~as show’nin fig-
ure3(b),wasintendedtopluckthecontrolsurfacePeriodic- ad
to avoidthepossibilityof jamming.Sincecertainoftheassumptions
usedincalculatingthemotionsandloadsofthecsm.andcontrolsurface
duringthepluckingactionwerequestionable,= attemptwastie to
simulateflightloadsonthepluckingsystemofthecompletedmodel.
Thiswasaccomplishedby mountingthemodelonan electrodynamicsshaker
andresonszrtlyvibratingthecontrolto an amplitudeofabout*7°,at
whichtimethepluckingsystemwasturnedon. (Thecontrolamplitude
of*7°representedthemaximumthatcouldbe obtainedwiththeequipment
andtypeofmountingused.)Thistestwasrepeatedseveraltimeswith-
outdamagingthepluckingmechanism,sothesystemwasconsideredready
forflighttesting.

Duringtheflighttest(modelB),thesystemworkedasplanneduntil
controlbuzzwasencountered.Thecontroloscillationquicklybuiltup
to an amplitudeofabout*14°,shortlyafterwhichtheimpactofthes
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.
controlsurfaceonthecamcausedshearfailmeofthepinconnecting
thewormgearandcamshaft.Althoughdatawereobtainedbeforeand,
to a limitedextent,evenafterthisfailure(thelatterdueto a slight -
catchingactionofthebrokenpinE@ itrotatedby itsbrokenends),the
pluckingsystemwasuselessduringbuzz. As a resultofthistestthe
systemwasredesignedforusewithmodelA as showninfigure3(a).

Theseconddesignincorporatedtwoimportantfeatureslackingin
thepreviousdesign:thecontactbetweenthecamandcontrolwasmade
gradualinsteadofabruptanda meansofabsorbingvibrationalenergy
wasprovidedby a rubbercouplingbetweenthecamdri!mandwormge~-
(seefig.3(a)).ThissystemwasflighttestedinmbdelA andperformed
satisfactorilythroughouttheentireflightwhichincludedregionsof
controlbuzz. However,duringtheinitialoccurrenceofbuzz,thecon-
trolpositioninstrumentfailedandsubsequentcontrol
obtainedhornthewingvibrometersasexplainedinthe

ControlDamping

TheaerodymaniccontroldampingcoefficientC
%,.

data~d tobe
appendix.

ispresented

infigure7 asa functionofMachnumberforbothmodels.Negative
valuesindicatea stabledampinginfluenceoftheairstreamonthecon-
trol.‘he‘ehtionship‘f C%,a

witha similarparsmeterinflutter

notation,~, isgiveninthesectionentitled“Symbols.”

Shownforcomparisoninfigure7 aretumnel-testresultsfora con-
trolsimilartothatofmodelA andtheoreticalvaluesextractedflrom
references1 and6 fora ratioofflapchordtowingchordof0.195.
Sincethetheoryofreference6 wasnotcagputedfor”Machnumbersgreater-
than0.8,thecurvewasinterpolatedbetweenM = 0.8 andthesonic
valuefromreference10 Alltheoreticalvalueswere-determinedforthe
samevaluesofreduced-frequencyparameteras existedinthepresent
investigationandwhicharepresentedinf@ure 8 asa functionofMach
number.

Thecurvesoffigure7 showstablevaluesofaerodynamicdamping
up toaboutM = 0.75 forthesharp-trailing-edgecontrolwitha region
ofmildinstabilityextendingtoaboutM = 0.9. A moreseverelossof
stabilitystartedat M = 0.99 wherethedampingabruptlybecameunstable
witha slightincreaseinMachnuriberandthecontroloscillationquickly
increasedinamplitudetoaboutAll”,theaerodynamiccontroldamping
becominglessunstableas controlamplitudeincreased.At theamplitude
ofaboutKilo,theunstabledampingoftheairstresn.wasbalancedby the .
structuraldampingofthecontrolsystemtoproducea limitedmnplitude
oscillation.Itwasduringthenextpluck@gaction(M= 1.12) that

k

●
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failureofthecontrolpositioninstrumentoccurred.Thisfailurepre-
ventedfurthercontroldampingmeasurements.

Thedampingcurvefortheblunt-trailing-edgecontrolis seento
be similartothatofthesharp-trailing-edgecontrol.Althoughit
mightbe statedthatthebluntedcontrolexhibitsmoreaerodynamic
stabilityovermostoftheMachnuniberrangepresented,thedifference
is smallanddeservesno emphasis.As before,aerodynamiccontrol
@ing abruptlybecameumtableatnearsonicspeedsanditbnonlinesr
variationwithoscillationszuplituderesultedina Emitedamplitude
oscillationofabout*14°. Itwasshortlyafterthistimeintheflight
thatthepluckingsystembecamedamaged.Thecontrolcontinuedto oscil-
lateat nearlyconstantamplitudeuntila Machnumberof1.3wasobtained
atwhichtimetheamplitudeofthecontroloscillationstartedto decrease.
Becauseofthenatureofthepluckingsystemfailure, no wwtitative
dsmpingdatawereobtainedbeyondM = 1.04 althoughit iS kl’10W.Uthat

theaerodynsnicdampingwasunstablew to M= 1.3.

Comparisonofthesharp-trailing-edgedatawiththeexperimental
valuesofreference8 ispoor,andconsiderationoftheeffectsof
reducedfrequencydoesnotimprovethecomparison.Althoughthetheory
doesnotpredicttheshapeoftheexperimentalcurvesathighsubsonic
speedsanddifferswidelywithsomeofthemeasuredvalues,itdoespre-. dietthemostimportsntfeatureofthecurves,thesevere10SSof stable
dampingatnearsonicspeeds.

4

Ithasbeenpointedoutto theauthorthatpossiblythepoorco?n-
parisonofthed&@ingvalueswiththeoryintheMachnumberrangeup
to 0.90couldbe theresultof flowdisturbancesattheinboardends
ofthecontrolscausedby a partofthepluckingmechanismsextending
beyondthefuselage.(Seefigs.2(b)and2(c).) Alsoa possibilityis
thefactthatthesedatawereobtainedundera conditionofhighlongi-
tudinalacceleration(24to 30timestheaccelerationofgravity),the
aercdynsmi.ceffectsofwhichareunknown.

ControlRestoringMoments

Theaerodynamicin-phaseorrestoringmomentcoefficient\ ,0
ispresentedin figure9 as a functionofMachnumberforbothcontrols
investigated.Sincethevariationofrestoring-momentcoefficientwith
deflectionmaybe nonlinear,thesevaluesshotidbe c~sideredas aver-
ageoreffectivevaluesforthedeflectionrangestested.Shownfor
comparisonarethetumneldataofreference8 fora controlsimilarto

. thatofmodelA andpotentialflowtheoryfromreferences1,2, and6
whichwascomputedforthereducedfrequenciesobtainedinthepresent
test.Therelationshipof witha similarparsmeterin flutter

Chb’msectionentitledSynibOIS
.

tefin- ~3 isgiveninthe II II.
*
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Aerodynamiccontrolrestoringmoment’swerestablethroughoutthe
Machnumberrangeforbothmodels. ..

TheflaggeddataofmodelB wereobtainedat smallamplitudesof

contro’‘Sciuation(about+0)
—

duringdeceleratedflightandwerenot

fairedwiththeacceleratedflightdatawhichwereobtainedat control
oscillationamplitudesup to*14°at supersonicspeedsandfrom*l”to
*3°at subsonicspeeds.Althoughthesmalldeflectiondatacontain
sizeableerrorsbecauseofthelimitednumberofcyclesthatwereavai-l-
ablefordeterminingcontrolfrequency,oneeffectofthesmallampli-
tudesclearlyappearstobe a substantialincreaseincontrolrestoring-
momentcoefficientattransonicspeeds.

Increasingtheratioof controltrailing-edgethicknesstothick-
nessat thehingelinefrom0.1(modelA) toO.~(modelB) is seento
increasethemagnitudeofthecontrolrestoringmomentsanaverageof
about35percentat subsonicspeedsand12percentat supersonicspeeds.
Thisresultis inqualitativeagreementwithotherte@ results(see
refs.9 and10).

Theexperimentaldataofreference8 areseentobe infairagree-
mentwithmodelA tialuesat supersonicspeeds.However,thiscomparison
ispoorat subsonicspeedsandno explanationsareapparentto the
author.Itmightbe mentionedthat,accordingto thetheoryofref-
erence6,theeffectofanyreasonabledifferenceinreduced-frequency
parameterwouldaccountforonlyabout10to 15percentofthisdisagree-
ment. Similarly;thesupersonicpotentialflowtheory,whichincludes
effectsof controlaspectratio,isingoodagreementwithmeasured
results,whereasthesubsonictheoryofreference6 pr~dictsa muchmore
negativeresultthanwasobtainedinthepresenttests.

CONCLUSIONS

Theresultsofa rocket-poweredmodelinvestigationbetweenthe
Machnumbersof0.4and1;9ofthehingemomentsonfreelyoscillating
flap-t~econtrolsurfacesinstalledatthetrailingedgeofa 60°delta
wingledtothefollowingconclusions: —

1.Exceptfora regionofmildinstabilitybetweentheMachnumbers
ofabout0.75to0.9,aerodyn@ccontroldampingwas“stableup tonear
sonicvelocities. —

2. At nearsonicvelocities,control-surfaceflutterdevelopedfor
bothmodelsandcontinued,inthecaseofthehalf-blunttrailing-edge
control,toa Machnuriberofatleast1.3. --

b

—

.

b
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3. Changingthecontroltrailing-edget~clcnessfromsharpto half
blunthadlittleapparenteffectonaerdynsmiccontroldamping.

4.Aerodynamiccontroldampingwasverysensitiveto amplitudeof
oscillationattransonicspeeds.Therelationshipwassuchas totend
toproducea constantamplitudeoscillation.

5.Theaerodymuniccontrolrestoringmomentswerestableforboth
controlsthroughouttheMachn.er range.Changingthecontroltrailing-
edgethicknessfromsharptohalfbluntincreasedthemagnitudeofthe
controlrestoringmomentsabout35percentat subsoticspeedsand12per-
centat supersonicspeeds.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs.,June28, 1956.
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APPENDIX

.

METHODOFDATAREDUCTION

Th~gen~ralsolutiontothesingle-de~ee-of-fre&dommomenteqw-
--

tion(15+ lM + Kb = O)governingthefreemotionofthecontrolabout
itshingeaxisisthe&d sin~soid

T5 = A1e2 sin(at+ @)

where

I control

—

D torsional

Irlass inertiaaboutthehingeline,-

K torsional

constants
tothis

t time, sec

.-

—

—

Ko Slug-ftzp

damping“constantofthesystem,‘ ‘i-lb
~

springconstantofthesystemzft-lb/radian .

dependentuponinitialconditionsandunimportant
investigation

(D thecontroloscillation

Q thelogarithmicdamping
21

k

frequency,~’, r~ans/sec

factor,(lo% A),persec

A amplitudeof controloscillationenvelope

(“),(’”) indicatefirstandsecond”ordertimederivatives,
respectively

Subscriptso refertopreflightvaluesmeasuredinstillair

Thus,by measuringthefrequencyandlogarithmicdampingfactor
ofthecontroloscillation,valuesof D ad K canbe calculated

-+

knowingthecontrolinertia.Thesevaluesincludebothstructuraland .
aerodynamicterms.Thefollowingrelationshipswereusedtoextract
theaerodynamiccoefficients: b

,.
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Forthein-phaseorrestoring-momentcoefficient,

or

where U isthecontrolmassunbalanceaboutthehingeline, al is
themodellongitudinalacceleration,and(sin5) isassumedequalto
5 forthesmallanglesencounteredintheinvestigation.Itwasfound
fromexperiencethattheeffectofdampingonthetotalrestoringmoment
wasnegligibleforthesmallvaluesofdampingobtainedinthisinvesti-
gation.Therefore,thefinalformbecame:

perradian

~e6e V.lues of Chb~ areconsideredaverageoreffectivevalues
.

becauseofpossible~rodynamicnonlinearities.

. An ert.ensionto theaboverelationoccurredinthereductionofthe
supersonicdataof~del A wheretheinstrumentmeasuringcontrolposi-
tionfailed.Itwasnoticedthatprevioustothefailure,thewing
vibrometerrecordshada fundamentalfrequencyequalto thecontrolfre-
quency.By assumingthisrelationshipcontinuedafterthefailure,it
waspossibleto obtainsupersonic

%
valuesviathefundamental

,m
vibrometerfrequency.It isbelievedthattheseresultswouldbe identi-
calto thoseobtainedfromthecontroloscillationifavailable.

Fordamping-momentcoefficient,

.-

or
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me ~od~~i~ factor%2 isusedinthelasttermoftheprevio~s
.

eqmtionto accountforthechangeinfrequencybetweenthepreflight
still-airmeasurementsof structuraldampingsndtheflightmeasurements

.

oftotaldamping.Itsuseassumesthatstructuralda@ingishysteretic
and,unlikeviscousdsmpfng,iS indepmdentoffrequeficY~Infinalform,

wheresubscriptso againrefertopreflightstill-airvalues.

Theinterestedreadercanfinda comprehensiveanddetaileddis-.
cussionofthe‘~free~’oscillationtechniqueinreference11.

— --

b
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TABLEI

DYNAMICALCONSTANTSOFlM3DELS

ModelA ModelB
Wingfirstbending(control~), cPs. ● ● ● ● ●

188 .-----.-
Aileron-wingmode(cOntrOlting),c3?s. ● ● ● ● ●

-------- 202
(Seesketchbelow) .

nodeline

Aileron-wing

Wingfirstbending(nocontrol

1.9
mode.

Wing), Cps . . ● . .255 180,——
Controlstill-airfrequency,cps. . . . . . . ● ●

44.4 41.1
No otherwingor controlmodeswereapparentfrom
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