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RESIQSRCHMEMORANDUM

AER3NAUTICS

IYLIGETINVZSTIG+iTION‘JOIETERMDiETHE HDJGEMOMENTS .

OF A BE%ELED-EIX+EAILERONON A 45° SWEP’I!EACK

. WINGAi TRANSONICAND LOW SUPERSONICSPEEI.f3

“By William N. Gardner and Howard.J ● Curfmsn;JrB

SUMMARY

In en effortto determinethe reasonfor loss of roll stabiliza-
‘tionat s~percriticalspeedsin fli@ts of theNACA supersoniclateral.
stehilityand c.ontmolresearchpilotlessaircraftFM-l, a modelwas
equippedwi~ ~a ,Wlxmce to measureaileronhingemxnentsin fQght.
The resultsof the test indicatethat the particularailerondesign
used, ‘2@bevelededge in combinationwith O.5Z?caoverhangbalence,
had reasonablylow hingemomentsup to the crtticelspeedrange,but
as the criticalspeedwas exceeded,the hingemomentsfirst increased
quiterapidlyand then decreased.At bupercri’tical.speeds,however,
the htigemoinentsincreasedvery mpidly. Thesedata add significance
to previousconclusionsthat at suboriticelspeedSthe aileronis
overbalancedat ba less than p, and overbalancedat ~a less .

than 4° as the criticalspeedis exceeded. In the suyercritical
speedrenge,however,-theaileronvery quicklybecomesunderbalanced
over the full deflectionrange.

In addition,rolling-momentWiLancedatawere obtainedwhich .
indicatethat the ailerons expetiienceda reversalof effectiveness
at supercriticalspeeds. The reversalof aileroneffectivenessand
resultantfailureof the RM-1 to stabilizein roll abovethe critical
Mach numberin both the presentsnd previoustestsmay,be primarily
attributedto fisufficimtwing torsional rigidityand to the
inabilityof the servomechanismse~loyed to maintainthe full aileron-.
deflectionrange.

I

nmzorucmoy

The puqose of’this
atte~ptt~ establish
speedscorresponding

,, .

sileronhinge-momentInvestigationwas to
reason.for loff~:ofroll stabl~izationat

to Mach nuribersgreaterthen6;9 in the flight

~
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of the fifthFM-1 modelreportedin reference1, At the timeof the
fifthRM-1 flight,inmff3cientinfor,matlonwas availableto detemine
whetheror not the aileronactuallylost its rollingeffectiveness
or whetherthe ailezwnhingemomentswere so hi@ that they exceeded
the aileronservomechanismpower. A standard334-3.pilotlessaircraft,
used in lateralstability.and cont~l researchend de~cribedin
refermme 1, wa8 equippedwith a oontrol-positionirulkatorand a
balancefor ueacmringthe ai$eronh#ngemoments, In view of the
current interestiticontrolhingemom.entmthroughthe trsnsonicand
introthe wpersonic speedrange,the resultsof this initialhinge-
momenkinvestigationarebeingpresentedat this time.
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ailerondefleciionjpositivewhen producingroll to left, —.
degree< . .. —.—

wing semispanmeastiednormal to Yusekge centerline,feet

wing ohord’measuredin free-streamdirectknj feet
—

maximum

aileron
feet

area of

aileron

dynamio

“wingchordnormalto leadingedge, f69t

chordmeasured

ailerontit of

tit and IIomel to aileron

hingeline,squarefeet

hingemoment,foot-pounds

pressure>pounds“persquarefoot ( /)pv* 2.
,

Mnge line, - .-
--

—.

—

masB densityof air, slugsyeq cubicfOOt~. —--

velocity,feet per second

nondimensionalaileronhinge-momentcoefficient@a~Saca)

Machnumber (V/Vcj “’
--

velocityof sound,feet per second “

Reynoldsnumber (PcV’/lJ~ ‘
.. . . -.

‘ coefficient

,. —. —
Of viscosityof air, slugs per foot-second
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APPARATUSAND MODEL

Model

3

The “sts@ardRM-1
aircraftconsistsof a

stabilityand controlresearchpilotless
sharp-nosecylin’dricd.,body of ftienem

rat io 22 ●7 e’quippedwith crucLformwhgs and cruci.form fins.
The wingsand fins are of’constantchordNACA 65-o1oairfoil
sectionnormalto the leadingedge, Figure1 is a sketchof the
RM-1 model showingits over-alldimensions,;end figure2 is a
yhotograyhof a model,equippedwith a boosterrocket,mounted
on its launchingrack at the 60Q Launchingan@e. The model, .
booster,end launchingequipmentare co~letely describedin
reference1.

Two diam@ical.ly”opposite wingsare”equippedwith ailerms,
Figure3 is a sketchshowingthe detaildimensionsof the wing end
aileron, The ailerons”are
overhangbalanceof O.~&a
servomechanfxms~e set to
tlOO d.eflectioti.

O.lOcn S.UdO .33(b/2) ? ‘I!he~ have an ..
and a 20° beveledtrailinge?ge. The
limit the +.lerontravelto appro,xinwtely

,.

The electromagneticservomechantsrueused to actuatethe ailerons
functionas a flicker-typecontrol,that is, the ailerons are
deflectedin eitherone extremepositionor the otherat all times.
The senseof controldeflectionis determined’bya roll-stabilization
automaticpilot,identicalto the one describedtn reference1,
exceptthat the rate ~rcscope was re~ved makingthe automaticpilot
a displacementresponse,flicker-t~e system.

The load calibrationof the servonech&ismsemployedis preeented
in figure4 ad is plottedas hingemoaentagainstadlezwndeflectionSa,
For eny givenhingemomentthe servomech~ismwas able to hold the
aileronat whateverdeflectionis shown,.,

Structural.tests,woremade sf$erthe flighton wings identical.
to thoseused on the model to determinethe t.orsi.on,alrigidity’”ofthe
wing. Tbrsiotimomentswere appliedat theting tip,ehd the
ELW@.~ deflectionof the midailemn chordparallelto the air stream
waa neasuredrelativeto the centerline of the model. Thesetests .
show that the torsicmalstiffnessof thislaminatedsprucewing TLM
equivalent@ 230 fnch-poundsper de~ee~

,

—,-‘
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Inqtrupentation
—

An NACA telemeterwas Met@led in the modelto transmit
—

intelligenceon longitudin~acceleration,en@e of bank,rolli~
moment!aileronhingemoment,and aileron-position,Reference1
describesthe telemeterequipmentand presentsa nethodfor obtainin~
velocityfrom lopgttu@@ accelerqt+m@.ta. A standard.Army-
NavyAN/AMQ-lcradj.oeondewas used ,W obtiain atposp-hefiicpresmn%s ‘--‘“
and temperaturesat the timeof the fllght~

!.

A control-positionindicatorand a @lance for measwringthe
aileronhingemomentswore installedon one of the aileronservo-

.-

mechanisms.Figure5 j.ea photographof the wing-aileroneornbination
showingthe servomechanism,cmirol-poqi”t$on’in~cator, and thebalance ““
for measuringaileron hingemoment. .—

The two wings with aileronswere rigidlymountedm thefree
ends of a steelcantiley,erspringwhich servedas the rolling-moment
balance, Reference2 giveea coqpletedescriptionof ,thebalance
systemexceptfor two oil-dampingunitswhichwere addedto the
systemto damp the transientoscillationsfollowinga ocwtrol
reversal. Thisbalancemeasures‘de summationof the controlmoment,

—

dampingmoment,inertiamoment,
—

.sm?out-of-trimmomentof the two
wingswith aileronswhichwere mountedon the rolling-momentbalance,

RESULTS

General

‘ANDDISCUSSION —

FlightBehavior d.

The modelwas launchedsuccessfullyend experiencedsatisfactory
boostersepara”bion,aft:rwhich it acceleratedtm.ammimimvelocity
of’1360feetper secondwhich correspondedto a Mkch numberof 1~23*
The velocityhistoryoft&e flightwas obtainedby integratlonof
the longitudinalaccelerationdata tn accordancewith the method
presentedin reference1. Velocitywas convertedto .Machnumber ““

., ‘utilizing atmosphericda~aobtainedfrom Q radiosondeamt aloft
at the timoof launching.Figure6 showsthe timehisto~ of Mach
numberthroughoutthe entireflight,and figure7 i~ m plot of
Reynoldsnumberagainst”l!achnumber.

--
,,.

IMfilngthe shortcoastingperiodaf’terbQosterrocketburnout
and beforesustainingrocketignj.tilon,the modelstabili~,edin rcll. *

Shortlyafterignitionof the sustainingrocket,as the velocity
exceededa Mach 4Wer of 0.9, the modellostroll stabilization
and rolledcontinuouslyover and over throughouttibe4igh-speedpart

e
J

- “--==...-

\
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of ,theflight, As the

.

5
. .

model lost speed afterrocketbtinioutjthe
controlss&ainbecameeffectiveat a Mach nu.riberof Cl69,+and-the ~
modelstabilizedin roll throughoutthe remninderof the flight.
,.

,.

AileronHinge,Mommts “ ..

Figure8 is a plot of hinge-momentcoefficientper degree
ailerondeflectionagainstmch numberfor the acceleratedpart of
the flight..In interpretingthe data shownin figure8, it must
be pointedout that the Ch per Ga data shownwere obtained

“ merelyby’dividingthe measuredhihge-momentcoefficientby the -
mearnzredailerondeflection;hehoe,thesedata are ncstanindication
of.the‘slopeof a curveof hinge,-momentcoefficientagainstaileron
deflectionsince,for the ty_p6of Aileronused, th~s cuwe is ~
ustiallynonlinear...

.
Up to a Mach nurherof 0.86the hingemments are low and:

indicatethat the particularailerondmign used has desirably,low
hingemomentsthrough th6 subsoni’cspeedrange$at leastover a
deflectionrangeof ~a = Yo’”to100. The sharpincreasein

- t!h per ~a over We MWh’num?lerrsngefrom 0&6 to 0490”’is
attributedto changesIn”&e “press”uredistributionas the flow
separatesfrom the wing end theboundarylayerthicke&. The suddeb
drop in ~ per ~a at a Mach numberof 0.90 is believed.tabe
associated‘tiththe rearwardmovementof the phockon,thewing ,
an& aileronc,. In supercriticalflow aboveaMachnmher of 0.92,”the
center of pr@mzre’on the aileronwves towo~dthe trailingedge,
resultingin the h~gh,Wdesirable @ per ba shown. These
hingemomentswere sufficientto reducethe ailerondeflection
a~proximately40 peacent.

The datapresentedhereingivead.dedsignificanceti the
informationobtainedfrom a freelyfloatingaileron,as’reportedin
referenoe2. The.aileronsin the two caseswere identical.,Reference2
showsthat the aileronis overbalancedfor ~e less than 2° ,at
subcriticalspeedsend overbalancedfor .ba less than4° as:~the
critiaalspeedid slightlyexceeded. Both testsZndicatea Y&pid .:

underbtianciiigtendencyover the full def~ectionrangeas supercriticed.
velocitiesare attained- ,.

. ,’

@ utilizingthesedata it is w@J. ,tonote that”~e effectso;’ ‘
Whg stiffnessare $ncludedc w reference3 it is show that .:
reducingthe tnrsionalstiffnessof a tapered45° sveptback ‘
wing from eighttimesthe atl.ffnessof the RM-1 wing to four timesas
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stiffresultedin’verysld.ghtchangesIn”therollingeffectivenessof
the.tl.il.l-spsn,plain-flapcontrolsin the speedrengecomparableto
thatof the RM-1. The extremelyreducedstiffnessof thewing in
the presenttest,due primxrilyto me largecut-outmade to
accommodatethe eervomechsnism,may,.howe,ver, be suchas to cause
considerablechangein the rollingeffectivenessand hingemomente
of theuePartial-spuallero~sg

Discrepanciesin the Ch’ per ba ‘meaeureci~h the aileronat
‘ alternateup sad doti-deflectionsare attributedto two primarycauses.
Although’the ‘wingtorsionelstiffnessis tiownlno accurateinfor~tion
i.s’availableon the ai.leron-hin~enormsl&d chordTorceaand the
pressuredistributionbver the yin~. ‘Consequently,no estiute has
Wen”made’as to the angleof attackof th~wing due-towing twisting
and%ending;howeverjthe effectbofthe twiston the hingemoments
are believedto be very largeE@ probablyunsymmetrical.Al&o,
it is notedin figure~ that the aileronservomechanismdidnot have
identicalpowercharacteristicsfor the two deflec~iorts~

“Themaximuuval.ueof the tip helixanglereachedin the flight
was 00009radismand occurredat subsonic.speedsh stabilizedflight.
This maximumvalueis believedto be so mall that It’wouldhave very
littleeffecton the”hingemomentsmeaauxed;
..

It shouldbe pointedoutthak, at theMach numberat which serious
hinge-momentchangesfirst occur (0.86]/ sharpdragincreasesas noted
in reference1 alsooccur,.Thiofact is subsWntiatedIn reference3~
which showsthat largedragincreasesocw.zrat theMach numlerat
which‘severeloss in controleffectivenessis experienced,

The
that,in

.

-.

—

—

—.-
.

Roll Stabilization

rol.ling-wmentbalancedataobtainedduringthe flightshow
the speedmangeabovea Mach nuniberof C?090,the effectiveness

of the aileronswas reversed. ,

F&ure9 is’sreproductionof two ptitsof the telemeterrecord
obtainedZromthe flight~ The records.shownexe of-aileronposition
and rolling-mment-’balandedeflectionand showthe effecton the
rolling-momentbalanceof a changeof ailercndeflect3.on.Figure9{a]
is typical.for velocitiesbelowand figure9(b) is typicalfor
velocitiesabovethosecorrespondingh a Mach numberof 0.90. In 4

figure 9(b), it Is noted’that the”senbeof the rolling-~ment-balance
change3s the reverseof that,sho~ in f$~”re9(a). Itshouldbe noted
too that,at’bothinstancesof figure9, the modelwas in a continuous
roll,sta’bilj.zati~nnot yet teing establtghedirifigure9(a], The

-. — .—
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reversalsof the ailerondeflectionsare due to the particularflicker-
type automaticpilotused which give~a coz%ective.contfilfor’the
first180° of roll,and at l~” will reversetie controlwhich thus
tendsto restorethe model to the zeropositionthroughthe shortest
path.

Becauseof the relativelylow wing stiffness,Lt is believedthat
the reversalof aileroneffectivenesscm be attributedprimarilyto
severewing twist. This fact probablyaccountsfor the 10SS of roll
stabilizationat speedsabovea Mch n@er of 0“90 on bo~ tl~s
flightand the one reportedin reference1. However,thereare also
otherfactorsinvolved, Of primaryimportanceis the fact that the
aileronhingemomentsbecameso high abovea Mach numberof 0090
that the servomechenimuswere unableto hold the aileronsat full
deflection-This fact cO@a resultin a controlmoment-automntic
pilotcombinationunableto overcomeout-of-tmimconditions.
Anotherfactor is the reductionQf controleffectiv~ess~~u@ the
transonicand into the supersonicspeedrange. Reference3 presents
aileroneffectivenessdatafor pldn flapson 45° sweptbackwings
which show that thereis a largereductionin aileronef~eciiveness
in goingfrom a Mach nuniberof 0.7 to 1-4. It is believedthat this
would elsohold truefor the 45° eweptbackwing-aileroncombination
used in the present testw,reg~dless of the tor~ionalstiffness
employed,

CONCLUSIONS

:.

Based on the dataobtainedfrom the
followingconclusionsmay be drawn:

.

flighthereinreported>the

1, The 20°beveled-edgeaileronwi.th0.52caoverhangaerodynamic
bshnce providedreasonablylow hingemomentsup to the criticalspeed
~engebut> ae the criticalspeedwas exceeded,the hinge~~~ts
first increasedquiterapidlyand then decreased.At su~ercriticsl.
speeds,howeverrtinehin~emomentsincreasedvery rapidly. These
factsadd significanceto previous’conclusiondthat at subcritical.
speedsthe aileronis overbalancedat ba ,lessthan @, and over-
bs+anceda’t‘ba less ths.n4°as the criti@.speed,is slightly
exceeded, In the supercriticalepeedrange,however).theaile~n
very quicklybecomesunderbalancedover the full deflectionrange.

2. The reversalof aileroneffectiveness’’~d”res~tantfailure
of the W-l to stabilizein roll abovethe criticalMach nuder in
both the puesentsnd previoustestsmaybe primarilyattributedto
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~Antenna and instrunwn

C.G. rocket Ioackd

Cordite rocket motor

40.0”

0 1
I

Wings Fins

Span 26.00 in. 20.46 in

: ++?

1!50”

Chord (min.) 10.00 in, 7.21 in, ——

Chord (max.) 14.14 in. 10.20 in,

Sweepback 45” 45 ● .50’ Diam,
Area (expased ) 565 .sq in 293 sq in

fdl (min. chord) Booster rocket motor, ‘Air NM 65fJ10 N/%0!65-CM
Fuselage ejector unit, and fins

Length 136 in. ~.
Diameter 6 in. NATIONAL ADVISORY

General COMMITTEE W MWWLITICS

Rocket motor :
Figure 1.- Overwll design features of the

Weight ( Iocided) 67 lb

Weight (empty)
NACA supersonic control -

40 lb
research model , RM-1.
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NACA RM No. L?I126 11

Figure 2.- The RM-1 with booster mounted on launching rack.



k ‘“-” ‘ ‘-

b . .’*

●



. .

d’

1
3 “

/. .

L. . -

~ c~fl}er hhe Of ~if$~,ffge ~flel ‘~
NATIONAL ADVISORY

20°

COMMITTEE FOR AERONAUTICS

figure 3.- E’/t/-/ fwhg - uileron detuil.
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FQure 5.- The R,M-l wing showing aileron@e-moment bslance,
servomechanism,and control-positionindicator,
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