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SUMMARY

Resultsoftestsofa 3510swept-wingfighterairplane,duringwhich
lateraloscillationswereperfomnedovera Machnumberrangefrom0.41to
0.79ata pressurealtitudeof10,000feetandfromo.k9to 1.04at 35,000
feet,arepresentedinthisreport.Experimentalandcomputedvaluesfor
theperiodofthelateraloscillationandthe requiredto damptphalf
amplitudeareshown.Onesampleoscillationtimehistoryisincludedfor
eachtestaltitude.

Theairplanewasfoundtobe laterallystable,staticallyanddynami-
cally,throughouttherangeof speedstested.Atbothaltitudes,the
variationwithMachnumberoftheperiodofthelateraloscillationwas
satisfactorilypredictedfromavailableandestimatedaerodynamicandmass
parameters.Thetimerequiredto damptohalfamplitude,asmeasuredfrom
flightatbothaltitudes,variedwithMachnumberin essentiallythesame
manneraspredictedfromcomputations.Themeasureddsmpingwassomewhat
betterthanthatobtainedfromcomputationsforthealtitudeof35,000
feet,particularlyata Machnumberof0.92.An increaseintimeto damp
to halfamplitudewasnotedbetweenMachnumbersof0.95and1.04.

INTRODUCTION

Aspartofa generalresearchprogramconcernedwiththelateral
dynamicstabilityandhandlingcharacteristicsofhigh-speed,high-altitude
airplanes,theAmesAeronauticalLaboratoryoftheNACAhastesteda 35°
swept-wingfighterairplanethrougha widerangeoffli@t speedsand
altitudes.

Thepurposeoftkdsreportistopresentresultsoftestsofthe
lateral.oscillatorycharacteristicsmadeduringa seriesoffourflights.
Comparisonsareincludedofthecomputedvariationofperiodanddamping
ofthelateraloscillationwiththemeasuredvalues.Thesecomparisons

lSupersedesrecentlydeclassifiedNACARMA51c28byWal.terE.McNeill
andGeorgeE. Cooper.
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2 NACATN 3521

indicatetheaccuracywithwhichtheoscillatorybehaviorofanairplane
canbe predictedundervariousflightconditionsusingavailableor esti-
matedmass
effectsas

parametersand
aeroelasti.city

CL

Ch
Cy

Cy
B

CYP

cYr

Cn

stabilityderivatives,andneglectingsuch
andunsteadylift.

SYMmLs

lift -liftcoefficient,—qs
bcL
au—, perdeg

lateral-forcecoefficient,
lateralforce

aay
‘) Perradianaf3

rolling-momentcoefficient

acz
—y perradianap
acz—, perradian
a$

acz
am’ perradian

2V

yawing-mmwartcoefficient,

a%
—, perradianap
acn
‘y perradiang

qs

rollingmoment
qsb

yawingmoment
qsb
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momentofinertiaaboutflight-pathaxis,slug-ft2

momentof”inertiaaboutWE normalto flightpathintheplane
of symmetry,slug-ft2

Machnuniber

periodofoscillationsec

wingarea,sqft

timeto dampto halfamplitudesec

trueairspeed,ft/sec

weightof.airpiane,lb

Tringspan,ft

pressurealtitudeJft

distanceparallelto longitudinalreferenceaxisfromcenterof
@?avityoftheairplaneto centerofpressureofverticaltail
inyaw,ft

rollingangularvelocity,radians/see

dynamicpresstieJlb/sqft

yawingangularvelocityJradians/see

normaldistancefromlongitudinalreferenceaxisto centerof
pressureofverticaltailinyaw,ft

angleofattackoflongitudinalreferenceaxis,deg

angleofattackoflongitudinalreferenceaxisforzerolift,deg

angleof sideslipJradians

dihedralangle,radians

anglebetweenlongitudinalreferenceaxisandprincipalaxisof
airplane,positivewhenreferenceaxisisaboveprincipalaxis
atnose,deg
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sidelrashangleatverticaltailresultingfromthewinginrolling
flow,positiveforpositivelateralforce,radi=s

angleofbank,radians

ratioofamplitudeofangleofbankto amplitudeof sideslipangle
fortheoscillatorymode

Subscripts

contributedby horizontaltail

contributedby fuselageandwing-fuselageinterference

pertainingto a givenMachnumber

contributedby verticaltail

contributedby wing

obtainedfromwind-tunneltests

INSTRUMENTATIONANDFIZGHTTECHNIQUE

Thegeneralarrangementofthetestairplaneis shownby a photograph
(fig.1)andatwo-viewdralhng(fig.2). Theprincipaldimensionsare
listedh table1.

StandardNACArecordinginstrumentswereusedtomeasureangleof
sideslip,rollingandyawingvelocities,pressurealtitude,andairspeed..
Aileronandrudderdeflectionswererecordedby NACAinstrumentsaswell
as on separatechannelsofa 36-channeloscillograph.Therudderdeflec-
tionwas known to anaccuracyofO.1O,w~le theailerondeflectionWaS
knownwithin0.30. Thenose-boomairspeedsystemdescribedinreference1
wasusedto determineMachnumberandthestaticanddynamicpressure.The
recordsweresynchronizedby a l/10-secondinstrumenttimer.

At a pressurealtitudeof10)000feet,lateraloscillationmaneuvers
wereperformedthrougha rangeofMachnumbersfrom0.41to 0.79.At an
altitudeof35,000feet,oscillationswereperformedatMachnunibersfrom
0.49to 1.04.

Alloscillationsperfomnedat10,000feetwereexcitedby returns
fromsteadysideslips.At 35,000feet,theairplanewasdisturbedboth
by returnsframsteadysideslipsandby abruptlydeflectingtherudder
andreturningitto neutral,exceptatMachnumbersabove1.02,where

. ..——
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rudderkicksalonewereused. Duringalltestrunsb&w a
of1.0,therudderandaileronswereheldessentiallyfixed
theirreturntotrtipositionswiththeaidofchainswhich

5

Machnumber
following
preventedthe

pilot~smovinghiscontrolsbeyonda predeterminedpoint.AtMachnumbers
above1.0,chainswereusedontherudderpedalsonly.

Alloscillationswereperformedinthecleancontitionandinlevel
flight,withtheexceptionofthoseatMachnuuibersabove0.92wheredive
anglesup to 36°wererequired.

RESULTSANDDISCUSSION

Typicaltimehistoriesofindicatedairspeed,pressurealtitude,side-
slipangle,rollingvelocity,yawingvelocity,totalailerondeflection,
andrudderdeflectionareshowninfigure3 fora Machnumberof0.79at
a pressurealtitudeof10,000feet.Figurekpresentstimehistoriesof
thesamequantitiesforsmaverageMachnumberof1.04atabout35,000
feet.

Theresultsofdataobtainedduringsimilarlateraloscillationsat
altitudesof10,000and35,000feetaresummarizedinfigure5 intheform
ofperiodandtimerequiredto dsmptohalfamplitudeexpressedasfunc-
tionsofMachnumber.

Forcomparisonwiththeexperimentalresults,curvesofcomputed
valuesforperiodanddampingalsoareshowninfigure5. Thesevalues
aresolutionsto stabilityquarticsderivedfromthelateralequationsof
motionpresentedinreference2. Themassdistributionanddimensional-
datausedincomputingperiodanddampingwerefurnishedby themanufac-
turer.Themeth~susedtomeasureor estimatethevariationofthesta-
bilityderivativeswithMachnumberandliftcoefficientaresummarized
intheappendix.Alllateralderivativeswerecorrectedfor-compressi-
bilttyeffectsaccordingtothePrandtl-Glauertrule,as outlinedinthe
appendix,from M = O toM = 0.9. Eachderivativewasthenplottedasa
functionofMachnumberandtheresultingcurvewasextrapolatedata con-
stantslopefrom M = 0.9toM = 1.0. TableIIpresentsthevaluesofthe
parametersusedincomputingperiodanddsmpingat eachMachnumbercon-
sideredataltitudesof10,000and35,000feet,togetherwiththeresulting

ITIvaluesofl?,T1/2,and
m“

TheliftcoefficientsshownintableII are
representativeofthefli& valuesexceptforMachnumbersgreaterthsn
0.95,wherea deviationoflessthan15percentwouldbe expected.Because
ofthesmallrangeofangleofattackinvolved(lessthan50),therolling
andyawingmomentsof inertiawereassumedconstantatthevaluesgiven
beneathtableII. .

Figure5 indicatesthatreasonablyclose.correspondence(within8
percent)wasobtainedbetweenthevariationwithMachnumberofcomputed
andmeasuredvaluesofperiodatpressurealtitudesof10,000and35,000

— —. ——.



6 NACATN 3521

feet.Themeasure~periodisobservedto decreaselessrapidlywith
increasingMachnumberthandidthecomputedvalueat 35,000feet.At
10,000feettheoppositetrendis seen;thatis,theexperimentalvalue
oftheperioddecreasedslightlymorerapidlythandidthecomputedvalue
asMachnumberwasincreased.No explanationforthisphenomenonis
apparent.

Closeagreement(within7 percent)existedbetweenthemeasuredand
computedvaluesfor TU2 atMachnunibersbelow0.6at 10,000feet.Above
M = 0.6theflight-testvaluesfor T~2 becameincreasinglyhigherthan
thecomputedvaluesastheMachnumberwasincreased.At 35,000feetthe
measuredvaluesfor TU2 weresomewhatlowerthanthecomputedvalues
throughoutthemajorportionoftheMachnumberrangetested(0.49to
1.04),withthebestagrementocmrringatlowspeed.AboveM = 0.8the
experimentalvalueof T~2 decreasedmorerapidly,reachinga maximum
deviationofabout20perc~tfrmnthecomputedcurveat M = 0.92,then
changeditsslopegraduallyfromnegativetopositiveup to M = 1.04.
DuetothescatteroftestpointsatMachnumbersabove1.0,itisdiffi-
cultto determinemorethanthegeneraltrendindicatedin figure5.

It is evidentthata goodpredictionwasmadeofthelateralperiod ‘
anddampingofthetest&lane fortherangeofliftcoefficient=con-
sideredintheccnqmtations(0.076to 0.412)using ~p andClp forthe
wingalone,as shownby thedashedcurvesinfigure5. Inthisinstance,
nothingwasgainedby consideringthecontributionsoftheverticaltail
in additiontothewing,as shownby thelowandhighMachnuuiberpoints
forwhich C% andCzp werecomputedby themethodsofreference3. As
theliftcoef~icient6ftheairplaneisincreased,however,thevertical-
tailcontributionto ~p becomesquitelargeandcouldbe includedas
showninthea~endix.

Figure6 presentstheaboveflightinformationasthe”relationship
betweenperiodandtimeto damptohalfamplitudeforeachaltitude,
togetherwiththecorrespondingcomputedvalues.,Goodagreementbetween .
themeasuredandcomputedperiod-dampingrelationshipsisagaindemon-
stratedby thismethodofpresentation,particularlyforthealtitudeof
10,000feetbelowa Machnumberof0.6. As infigure5, figure6 showsa
lowerexperimentalvalueof T~2 for35,000feetatallMachnumbers,
particularlyat M = 0.9,inrelationtothecomputedvalues.

TheArmedServiceslateral-oscillationspecificationwhichappliedat
thetimeofthesetests(ref.4)is showninfigure6 forcomparisonwith
thecharacteristicsofthetestairplane.Itis shownthatthelateral
oscillatorycharacteristicsofthetestairplaneat 35,000feetwere
entirelywithintheunsatisfactoryregiondefinedinreference4. The
samefigureshowsthattheairplane,at10,000feet,exhibitedborderline
characteristicswithrespecttotherequirementsofreference4 exceptat
Machnunibersbetween0.54and0.79wheretheperiod-dsmpingrelationships
wereinthesatisfactoryregion.Thecomputationsindicatethatforlow .
Machnumbers,near0.35,characteristicsetistwhicharesatisfactoryunder
therequiraentsofreference4.
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Accordingtothepilot?scomments,thelateraloscillatorycharac-
teristicsofthetestairplaneweregenerallysatisfactoryat10,000feet.
At 35,000feet,theoscillationsweresomewhatobjectionable,partly.
becauseoftheincreasedrollingthatwaspresent(seetableIII)and
partlybecauseofthenoticeablyadecreaseddampingwhichwasespecially
apparentinroughair. Roughairtendedtoprolongtheoscillationsat
10,000feetaswellbut.,sincetherewasconsiderablylessrollingpresent
at comparableMachnumbers,themotionswerenotconsideredsoobjection-
ableasthoseexperiencedatthehigheraltitude.

Resultsofotherlateralflyingqualitiesinvestigationsconducted
attheAmesAeronauticalLaboratory(seeref.5)haveindicatedthepos-
sibilityoftheuseoftheratioofamplitudeofangleofbankto amplitude

1’?1of sideslipanglefortheoscillatorymode —
~Pl

asa criterionforsatis-
factorylateraloscillatorycharacteristicsf fighter-typ-eairplanes.

IQIMeasuredvaluesof —
lPI

arepresented,inadditiontoperiodand

timeto damptohalfamplitude,intable111fortheMachnumberranges
coveredatthetestaltitudesof10,000and35,000feet.

191
Cwuted ‘dues ‘f mT-

sre shownintableIIforMachnumberscon-
sideredat 10,000and35,000feet.Throughthespeedrangescoveredat

bothaltitudesIPl,~ forthetestairplanewaspredictedwithlessaccu-
.r.

racythanwereperiodanddamping.

CONCLUSIONS

1. In general,thelateraloscillatorycharacteristicsofthetest
airplanewerecloselypredictedfrominformationbasedonwind-t=el
tests,althoughunsteadyliftsndaeroelasticeffectswereneglected.

2. ThroughouttherangeofMachnumberstested(0.41to 1.04)the
airplanewaslaterallystablebothstaticallyanddynamically.

3* Theperiodofthelateraloscillationvariedsmoothlywithllach
numberovertherangetestedandwasadequatelyrepresentedby computed
valuesatbothtestaltitudes,withno error@?eaterthan8 percent.

4. Thetimerequiredforthelateraloscillationtodampto half
amplitudeattestaltitudesof10,000and35,000feetdecreasedwithMach
numberinessentiallythesanemanneras indicatedby computations,except
at 35,000feetwherethemeasuredvalueof T~2 beganto increasewith
MachnumberaboveM = 0.95.

AmesAeronauticalLaboratory
NationalAdvisoryCommitteeforAeronautics

Moff@tField,Calif.,Mar.28,1951

.
—— —
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APPENDIX

ESTIMATIONOFLJWERKG-SIZABILITYDERIVATIVES

FOR

Thevaluespresentedin
attackat zerolift,andthe
obtainedfromwind-tunnelor

THETEST41RPLANE

tableII forthelift-curveslope,angleof
staticlateral-stabilityderivativeswere
otherforce-testmethodsandcorrectedfor

compressibilityeffectswheretestsdidnotcovertheMachnumberrange
consideredinthisreport.Therotaryderivativeswereestimatedby pub-
lishedtheoreticalmethodsapplicableto sweptwings.

Theproceduresusedindeterminationoftheaerodynamicparameters
andstabilityderivativesconsideredinthisreportarepresentedbeb’w.

LongitudinalTrimParameters

Variationoflift-curveslope,C~, withMachnrmiberwasdetermined
fromtheresultsof subsonictestsintheAmes16-footwindtunnelandthe
SouthernCaliforniaCooperativeWindTunnelto a Machnumberof0.94and
supplementedbytr=sonicbumpteststo a Machnumberof1.06.

Angleofattackfor”zerolift,an,wastakenfromunpublishedresults
of

to

NACA-wing-flowtests.
--

StaticLateral-StabilityDerivatives

Lateralforcedueto sideslip.-Thecoefficientoflateralforcedue
sideslip,@a, wasobtainedfromwind-tunneldatatakenat M = 0.16

fora 0.20-scal~”modelofthetestairplane,bothcompleteandwithtail
removed.Changesin ~ @ueto increasingMachnumberwerecomputedby
applyingequation(1)ofreference6 tothecontributionofthevertical
tailassumingthatthetail-offvaluedidnotvarywithMachnuniber.

Yawingmomentdueto sideslip.-Thecoefficientofyawingmomentdue
to sideslip,CnO,wasobtainedfromwind-tumneldatatakenat M = 0.16
and
for

due
M=

correctedf& higherMachnumbersina manneridenticalwiththatused
Cy ●

P
Rollingmomentdueto sideslip.-Thecoefficientofrollingmoment
to sideslip,CZp~wasdeterminedfromwind-tunneldataobtainedat
0.16at angles ofattackof0°and8°forthecomplete0.20-scale .

model,themodelwithtailremoved,andthewingalone.

.
—.———— . ——
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The wing
follows:

At CL=

contributionto ClP
wasbrokendownintotwopartsas

‘reference

[

(—
(

6

1- -Jreference7

.

bpw L( )]hcL
i-

M=O.16
W.T.

(Al)

O,thedihedraleffectofthewingwasassumedtobe due
entirelytothegeometricdihedralangle,reducingthefirsttermof equa-
tion(Al)to zero.Thesecondtermof equation(Al)wasthenassumed
constantwith CL ata givenMachnumber,enablingthefirsttermtobe
evaluatedat liftcoefficientsgreaterthanzero.Thecompressibility
correctionsindicatedin equation(Al)wereappliedassumingthattest
resultsobtainedat M = 0.16wereessentiallythoseat M = O.

Thecontributionoftheverticaltailto Czp wasdeterminedfrom
thetail-onandtail-offdataatanglesofattackof0°and8° andcor-
rectedforhigherMachnumbersusingthemethodappliedtothetailcontri-
butionto Cy .

B
Theincrementof Cl

B
dueto interferenceandthefuselagewas

obtainedfromwind-tunneltestsofthewingaloneandthewing-fuselage
combinationatboth0°and8°anglesofattackandwasassumedconstant
withMachnumber.

Fortheentireairplane,Cz wasdeterminedinthefollowingmanner:
P

Czp= (C2P)W+(q-Jv+ @Ji+f (A2)

RotaryDerivatives

Rollingmomentdueto rollin~.-Therolling-momentcoefficientdueto
rollingvelocity,Czp,wasdeterminedasa functionofMachnumberforthe
wingaloneby applicationoffigure5 ofreference7.

—. .——..— .—..—— —. .—
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Thecontribution
appliedtothewing.
tailintermsofwing

I’WCATN3521

ofthehorizontaltailwasdeterminedby themethod
To expressthevaluesof Cz

f
forthehorizontal

area,span,andwing-tiphelx angle,thevalues
obtainedfromfigure5 ofrefer&ce7 werecorrectedby thefollowing
method:

Shbh2[1(czp)h=~‘Czp)hreferen.e7 (A3)

Thecontribtiionoftheverticaltailwasdeterminedby themethod

(’)
aupresentedinreference3,wing a valueof sfdewashparameter3

equal to 0.248,obtainedfrom
gationsndtestsconductedin

Thecontributionsofthe
addedalgebraicallyto obtain

unpublishedresultsofa theoreticalinvesti-
theLangleystabilitytunnel.

wing,horizontal.tail,andverticaltailwere
theestimatedvaluesof Cln forthetest

airplaneatdifferentMachnumbersandliftcoefficients:’

Ctp= (Czp)v+(c@h+ (Clp)v (Ah)

Yawingmomentdueto rolling.-Theyawing-momentcoefficientdueto
rollingvelocitY,Cnpywasdeterminedasa functionofliftcoefficient
accortigto equation(31)andfigure25ofreference8 forthewingalone.
Thevariationthusobtainedwascorrectedforcompressibilityeffectsby
applicationof equation(3)ofreference6. -

Thecontributionoftheverticaltailwasdeterminedby themethod
presentedinreference3 andaddedalgebraicallytothewingcontribution
to obtainCnp fortheentireairplane:

(A5)

Inthediscussionitwasnotedthatuseof C? andCnp forthewing
aloneinthecomputationsgaveadequateagreementw!th experimentalperiod
anddamping.

Rollingmomentduetoyawing.-Thevariationofrolling-momentcoef-
ficientduetoyawingvelocity,Cl ,withliftcoefficientwasdetermined
fromfigure26andequation(37)0$reference8 forthewingalone.Cor-
rectionsforcompressibilityeffectswereappliedby
ofreference6.

The incrementof Clr duetotheverticaltail
thefollowingexpression:

meansofequation(15)

wasfoundbymeansof

(c~r)v=- ~(zvr - Zvrsid(cyp)v (A6)

—.. ____ —- .—— _—
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Fortheairplane,CZr isgivenas:

Czr= (Czr)w+ (Czr)v (A7)

Yawin&momentdueto yawing.-Theyawing-momentcoefficientdueto
yawingvelocity,Cnr)wasdeterminedforthewingaloneasa functionof
liftcoefficientfromfigures14and27andequation(41)ofreference8.

Thecontributionoftheverticaltailwascomputedasa functionof
Machnumberfromthefollowingrelation:

(A8)

ForeachliftcoefficientandMachnumberconsidered,theestimated
valueOf Cnr fortheairplaneisgivenas:

(A9)Cnr= (Cnr)w+(Cnr)v

Thecenterofpressureoftheverticaltailusedto determineZvr
wasobtainedfromfigure5 ofreference9,usingtheaspectratio,taper
ratio,andsweepangleoftheverticaltail,therootofwhichwasassumed
to lieonthefuselagereferenceaxis.Thecenterofpressurewasassumed
to lieonthequarter~chordline.

Thelateral-forcecoefficientsdueto rollingandyawingvelocities,
CypandCyr,werefoundto havelittleeffectonthecomputedlateral
motionofthetestairplane.Therefore,thoseder-ivativeswereassumed
tobe equalto zerointhisanalysis.

-—.— ———— .—— ..——..
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TABLEI.-DIMENSIONSOFTESTAIRPLANE

‘hg
Area. . . . . . . . . . . . . . . . . . . . . .
span. . . .. . . . . . . . . . . . . .* ..**
Aspectratio. . . . . . . . . . . . . . . . . .
Taperratio . . . . . . . . . . . . . . . . . .
Dihedral.. . . . . . . . . . . . . . . . . . .
SweepbackofO.Pj-chordline. . . . . . . . . .
Rootairfoilsection(normalto O.&-chordline)

Tipairfoilsection(normalto 0.3-chordline)

EIorizontalTail
Area. . . . . . . . . . . . . . ... . . .
span. . . . . . . . . . . . . . . . . . .
Aspectratio. . . . . . . . . . . . . . .
Taperratio . . . . . . . . . . . . . . .
Sweepbackof0.5-chordline. . . . . . .
Airfoilsection(parallelto centerline)

VerticalTail
Area. . . . . . . . . . . . . . . . . . .
span. . . . . . . . . . . . . . . . . ● *
Aspectratio. . . . . . . . . . . . . . .
Taperratio . . . . . . . . . . . . ● . .
swee~backof0.25-chordline. . . . . . .
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✎
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✎
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✎
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✎
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✎
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.

.

.

.

.
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●

✎

✎

●

✎

✎

✎

287.9Sq ft
37.12ft

4.785
0.513

3°
35014?

NACA0012-64
(modified)

NACA00U-64
(modified)

35.0Sqft
12.75ft

4.65
0.450

34035t
NACAOO1O-64

39●75
8<
Sqft
38ft
1.77

0.345
35°

_ .— . —————— ———— — —
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TAELE II.- PARAMETERSUslmm

.37 .lb .0’733-,40 ..o~ .IJ.23

.69 .103..076$-.b -.0%7 .l17c

.75 .076 .0324-.40 -.0%5 .1233

.55 .412 .0733-.b -.09?7.W:

.70 .255 .0791-.b -.07-73.ll%

.el .Lw .0f3@-.ko -.0741.127:

.$X3.194 .* 3 -.2Y -.0721.l?fl

1.C.Q.I.25.078> -.93-.O’@ .lWI

COMPUTCNG

IbWp ac1P clp
I

UC%

I

“c%

-.724 -.3EW -.3961-.m49 -.(xx6
I 1 1 [

-.6$6{ -.3$?01+40! -.CC2701-.03%

-.-(J.5-.3-(YJ------ -.o~ ---.-:

-.733 -.3W3------ -.o~ ------

I I 1 I

C,r \ % bP ‘%/.%/a‘~ bf$
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TABLE111.- AVERAGEVALUESOFTHEMEMUREDLATERALOSCIIUTORY~-
ISTICSOFTESTAIRPLANEAT VARIOUSMACHNUMBERSFORALTITUDESOF 10,000

.
AND35,000FEE!I

% M p ‘ T.U, +#

0.40 2.14 2.05 1.95
.50 1.70 1.60 1.70

10,000 .60 1.38 1.35 1.49
.70 1.15 1.27 1.30
●79 I*OO l.~ 1.15
.50 2.55 4.10 2.48
.60 2.23 3.50 2.07
.70 1.95 2.92 1.91

35,000 .8o }.70” 2.44 l.~
.90 1.50 1.85 1.64

1.00 1.34 1.76 1.52
1.04 1.27 2.00 1.48
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Figurel.-
A-150t0

Photograph of the test airplane.
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Figure2.-!l!wo-vi.evdrawingofthetestairplme.
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Figure3.- The historiesofmeasuredquantitiesduringlateraloscil-
lation;Machnumber,0.79;pressurealtitude,10,000feet.
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Figue 4.-T3mehistoriesofmeasuredquantitiesduringlateraloscil-
lation;Machnumber,1.04;pressurealtitude,35,000feet.
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Figure5.-Varlation with Mach number of experimental and ccnnputed lateral period and damping

characteristic at each teat altitude.
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— — Computed; GflP, ~P wing alone

O ~ Computed; Gnp, ~P by method
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Figure6.- Comparison of e~erimental and ccmputed lateral perlcd-demping relationships with Armed ~
Servlcea apeclficatlon dated 1948.
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