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FLIGHTINVESTIGATIONTO INCREASE

TEE SAFETYOF A LIGHTAIRPLANE

By 3?,A. Hunterand J. R, Vensel

EWMMARY

During1340 and 1941 a seriesof modificationswas incorporated
in atypicallightairplanetc increaseits se;fe~. The modifications
included.:decreasingthe wing incidence,increasingtinewing washout,
increasingthe area m-d aspf3ct ratio of horizontal~a verticaltails,
movingthe elevatorscut of the propellerslipstremnjdepressingthe
thrustaxis,and limitinsthe ruthlertravalo Tii6St3modificationswere
consideredoneswh5.chcot~ldreasonablyhe made to existingairplanes
withoutbasicallymodifyingtheirexternalapyeai”ance.

.
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The modifiedairplanepossessedtke followinginherentsafety
characterstic~: (1)nxM.czMaccompanyingthe stallwere greatQ-
reduceii,(2)no motiunsthatdid not resultfrom the pj.lotfsaction
occurredin turnswith the elevatorheld fullup, and (3) the airplane
was syinproof. The generalflyingcharacteristicsof the airplane
-re not materiallyaltered~n nozmalflight. The naximumspeedin
levelfrightand the rate cf climbwero slightlyreduced..

Analysisof accidqntdata publishedby the CivilAeronautics
Admrtnistrationhave showntlnatstalls,with or withoutsubsequent
spins,are responsiblefer,mostof the fatalitiesantiinjuriesin
light-airplaneacctdents. In connectionwith flying-qualitiestests
of five Lightairplanesduringl.~~~and 19k3, it W?,Snoted that
certainstabilityaqd controlcharacteristicsof the lightairplanes
mightbe modifiedto increasethe safetyof theseairplanes,particu-
larlywith referenceto stallingand spinning.

the
the
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mnt@aCtUI?WSof persohalaircraftwi’t~work theNACA .hRsdone in
~thisfield, One of’the primaryobjectsof the icvestige.ticnwas to
reducetl~edifferancab~twwn the up-elevator&nglesrequiredto
stall.in the power-onand power-offccnflithnsand then to lim+tthe
up-elevatordeflectic%b~km thatr~.qui:~edto stall, It was hoped
thatunder tkeseccnti;tionsthe airplanewould continuein unstelled.
fli@t with ‘&e stickfullMck and thepoweron. To hold the
chnnflesto a rctfiiwl~lt~uzik,ethemsim!@&enou{-~to be readily
incorporatediu ai,rplancamw fm servj.co~ arklriotIxm3icallyto alter
the appeaiianceof the e&2qLLazKIwere also objectivesof the investi~e,tion.

DESCRIP’TTONCd?i?? ORIIICNLAND !!23!MClX3’IEDKU3?IAN!S

CkneraZdhnen.~iozzmarida:veasof the cri@,ne,lw.5 themcdified
air@anes are in ‘M.bl:;1. The mciiificationsmade to the oriflinal
aj.~laneare cor.sj.deredones thatcouldbe reasonablyme.deto ai@QX3,.
alreadyin service,

“d

b

.P-gcavj.typos3tionfor theThe rea~w.~rdshiftin the center-o,.
mod.iriedairplar.ewas causedby the arldi,tionalweightof tlm lar<;er
horizcmtaland verticaltails. The loadingcsnditivasshorn.represent
themost extremeloadingsthat the ai~qlanemi@t be expectedtc
encounter.

In addittcmto the.moiiii’icatiicmin?!icated,themodl.?iedairplane
had the thrustwk.isdepiiessedTo by tiltt.~~the en$juenose dam,
(Seefig.2.) The inboardend of the el.evatcrcn theuodifiedhori-
zcratal.tail ‘terminated28 inchesfrom the planeof syu..tryas shmn
in figl?.re~l(c)and 3. The reducedruddertravelalso cmsd. a
proportionaldecr~asein the travelof the steerabletailwheel since
the tailwheelwas controlledthrou@ movement.of the rudder,

Discussionof’MctLifications

The firstmodificationmade to the airplanewas to depressthe
thrustaxis. The purposeof thismodificationwas tc decreasethe
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adver~edirect-thrusteffectand ttms to increasethe up-elevator
an@e requiredto stallwith poweron, Since theseteststhe NACA
has msiieotherinvestigationsof the @Xect of tiltingthe thrust
axis, (Seereference1s) .,,.,

The washoutof thewing WaS variedover the range..Qf,.0~.-o.505°
beforeso was chosenfor thefinalcorKifjul*ationOWing incidence
was set at variouspcsitYLonsbetween1.8° and -lJZO, ~Y1econibination

of wing Washolltand.incideucein the finalconfigumtionincreased
the airplaneattitudeat cmy ~ivens:peed;the increaseeasedthe
problemof making three-pointl.m.diingsand at ttie same timereduced
the tendencytcwardinad.verten”h~ti’.llingbecamseof the increased
attitude. The washoutalso reduccithe tendencyfor tip s%lling.

Movin:zthe elevatorsont of the -frropelkrslipf3tremnwe.s
consideredtinemost eff’ectj.veof the Mbd~Lfica&j-onstriedin tineattempt
to reducethe itii’femncebetweentileelevatoranglesrequiredto stall
in the power-onorkipOWer-Cj!~fconditions. The effectof thismcdi-.
ficationwas firsttestm!l.by zsmovingthe fabi”icfrom tinekhoard end
of tl~eelevators When the hypia tailwas buil-tby addings-lmucture
to tineoriginal.tailjthe elevatorswere rebuiltso that the inboard
part of ‘~heoriginalelemtvr becamepart of tinefixedstabilizeras
shownin figm:’esl(c) and 3. The inci”easeilthicknessof the stibiliz~r
shownin f’i~~.rel(c)was mmely to permitthe elevatortorquetu%e to
move withinthe surfacesg A thirdhorizontaltailsur?aceintermediate
in spanand areatietweenthe ori~insland the rebuilttailswas built
and used in flighttests%ut was not as effectiveas the rebuilt tail
whichwas used in tjhefinalconfiguratica.

Other structural kang;esthatworQ triedconsistedof adding
flapsat tiiewi}~{jroc:bthat,were set at an u;ymrd. deflectedpociticn
and increasingthe positivec.wberon the st~.biiizor-The reflexflaps
increasedthe an@e of attackat the tailand decreased..the..wing
Pitchins~L~ent. The increasein mngl.eof attackat the tailmade
necessaryan increaseduy-el.wm.torangleto stall,and %m3-dec:rease
in wing pitchin~momentreduce~the elevatoran@.erequiredfoi-landing,
The additionof theseflapswas consideredtoo ccmpl.icatecland expensive
for productionand mass modificationof airplanesnow in serviceand
thereforewas abandoned..!lMecmnberon the stabilizerincreasedthe
ele’vato~’anglerequired.for stalling$particularlywith poweron, but
also increasedthe elevatoranglerequiredin landing.

The mod.ificatiomdiscussedup to tlnispointi?.npz’ovedthe
stalltrlg characteristicsby preve~ltinga completesta],l,ofMe wing.
A cwter-secti.onstallwas foundto occur,however,whichresulted
in a pitchingoscillationof the airplane,,In an effortto eliminate

.
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@mmic longitudinaloscil,lation~wj.th the Gon%ro].sfreewere
alwaysveil dampedahcvs thernin.imumspeedfor both aii-@anes*

The modifiedelevatorwas capableof producingapprvxhnately
75 percwt c.fthe theoreticalmazlrrromnormalaccelerationin the
M.gherspeedrangeor the airplmeo It is WWieved that the
elevahr was aiso capabiec? prodvcingjan accelerationgreaterthan
the designmaximumloadfactorat a speedlower‘thanthemaximum
al).owable,,divhg

steins frcm

,

StallingChare.cteristics

sixraightJx3velrl.tght were produced,3Torpower-on
and powey-offccmditj.mis,at “vaM,uLv3c,enter-of’-gravitypositions.
Entry to ?M stalledconditionwas made by a gradvalreduc$ionin
aiz%>$+ with ‘&hewingsh,el.dlaterallyl,e’vel.!?i.uehistories’of
typica?.fltallsfr+m styaightand.levelfli<~ta~e show.in figures 7
ma 8P ,,

l?~%~.- Duringthe Towei--offstalljtho tiae,historyof.
Whic:his shownin figure7(a) for the originalairplanelthe pilot
held the elevatorfull 12Tand atteu~tedto controlthemotionsof,
th airpl&e +irs-t with. Ruhkm and.ailcrcmsam.dthenwftlnailerons
alone, Ins-bahjl$tyoccuzz’eaabout.all t.hresaxes as fihownby the
angularvelocitiesand the norr.alac~el.craticn,Figure7(b; sh?ws
a -power-offstallin the .mmiifi.ed’ai.rp.l.amin which the pilotheld
the el.evavorfullup an.1attempted.to controlthe Mr’’le.ne~y use.
of.the aileronti-!iM.sfigwe indicatesthat some slightmotionsof
the air_#.e.neocc~red whichwere not ini.tiiated.by tilepilotbut that
a ~u~,pi~tiof aileroiiand ruddercont~’olwas available,tocounteract
the,rollingvel.o’citiesthat exist,eii.A 3AM pitchingoscil.laticmof
constantam~litudeset in after the elevatorhad been held up.fora
loqgFeri9d.eCqmyarisonof figuresT(a) and ‘((b).shawsthatmotions
accompanyingthe stallwere smallfor themodifiedairpianeas compared
with the n-otionsfor the originaiaj.rplane, ,,.

l?wer on.-Fi@cre8(a) shGwsthe timehi~tcryof a power-onStall
in th~-~&g~=a3.aiyplafiein which thepilot pulled.the stickback
slowl~’audheld the aileronsand rudderessentiallyfixed, Less than
one,-tliirdof the avaiJ.abMup”-el.evatortravelwas uE?edto producethis
,st&ilwt:ththe mnzlt ‘the’ilarge.angularvelocitieswere net permitted
to dcvel?p, Armthey~ow~i-~cn stall in ihe originalairplar.eduring
whichall controlswere usei”anifull uy-elevat.cmtm.velwas reachedis
shownin figure~(b), ~i.S fi~L1l’eShcWiithe largerollingand.yawing,’
vel.(kiti~fi‘that‘ro~ulteiiwhen lateralj.n~ta’bilityoccu.,rredat the
stQl, It also S11OWXthata Livergention@.+m,dinaloscillationhad
de~elq~etiiAutltionaltests.a~iiifferentcont9r-of-gravityyosit$ons

,,
;,, ., ,. ,,,.
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indicatedsimilarrollinginstabilityat the stall, The roll could
not be controlledby the ai?.erons,althoughsomemeasureof lateral
control.couldhe had hy ski~..lfuluse of the rudder.

A slowlydiverginglongitudinaloscillationwith a periodof
approxj.mately~ secondsoccurredat the yower-onsta:.1in the
moiiiftedairplaneif the controlswere held fixed. This oscillation
is showitn figured(c),a tlimehistoryof a power-onstallin which
the controlswere heid eesentiailyfixed..Althoughalmostfullup
elevatorwas used,lateralmotionswhichdid not resultfrompilot’s
actionwera ve?y mnsd.1.Comparisonof i’igrcrosb(b)and 8(c)shows
thatmotionsaccompanyingthe stallwere smallfcr the modifiedair-
p~~e as c~pa~te~ w~th “the motions for the originaiairplane. A
pitchingos~illatiunof imxceasinCamplitu,dodevelopedand mild lateral
inetabiliti~occurred.at the end of threecycles. Tl~iGconditionwas
not considereddangerousas the stickhad to be heli hack at or beyond.
the stall~ositi.onfcr ap~roximately20 secondsafter tha initialstall
occurredbeforethe lateralinstabilitydaveloped, Xt 1s kelieved
thateveu a novicepilotiwo.?ldrecognizein tie long-periodpitching
oscillationa Imming of j.ncl~lsntlateralinstability.If the
sti.~li was hold back Ieyod.the stc.llinqyositim with poweroilfor
a tiufflcientlengthof time (a”bcutfour oscillations),the airplane
wouldbe in a verticalattitwiefromwhicha whip stallwould occur,

Elevatx:ranglesalmvewhich instabilityexistedare shownby
‘&e cu~wesof i’ihnme$?G This Instahiiitywas prwiominsmtlylateral
far the crriflina,lairplaneand ~reclominantlylcngitmtlinalfor the
mOd~fiedairplanOc The differencebetweenth8 elevatoranglas
reqlxirsiito pmiuce inSta?3ilityWitil puwsroff and poweron is apprcxi-
mataly12° for the original.airplaneas ccmyaredwi+A 3G fcr the
modifiedairplane.

FigureM showsa timeMstory of a stallin the originalair-
planerssultiagi’rcma tightleft turnwith powercm. The airplane
yawedo.u~drolledabruptlyto the ri~t out of the turn. In turning
flightthe instabilityassociatedwith the completestallwas
essentiallythe sameas thatfn strai~t flight, me violenceof all
motionsaccompanyingthe etalli~asincreasedin turningflightsome-
wh.atjbecauseof the effectivelyincraasedwing loadingundertha
acceleratedconditions.Accidentdatapublishadby the Civil
AeronauticsAdministrationhave shmn thata~proximatelyone-halfthe
stallend spinaccidentsoriginatein siallflcut of turas similar

to that shownin fi~re I(j.In tirl~ingflight with the modified
airplane it was possible% j@l the sti;kall theway hackwithout
stallingeitlnerwith poweron or off. The stailccuidnot be reached

“

.
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becauseof the additionalup-ekvatordeflection requiredto produce
pitchingvelocityin the.f.lxrn.The dangerof stalls out of turns
was thus el.i.m.ina-ted;”

spmtiin~ Ux3H3J3tel”i.wtt.ca

.

●

.

It wa~~found that VIM airplaneincorporatingall tho ch~es
exceptI-imi.tingthe rm%lertravelto *l>” couldbe heid in a steady
spin to ‘theM%, The spin couldhe c+tarteilonlyby makinga pLll~-V.p

50 M% rudderzfull rip~twith fullpcwercm and e,br~l.ptl~.appl,yi~lg~~
aileron,antifull.up-elevatorJustbeforethe stall. If the le~t
rudderwas decreasedto l~” aftera steadystatoof rotationwas
obtained(theothercontrolsbeingheld as at the startof the syj-n)j
the airplanewouldrecover~rterseveralturnseitherwith pcnwrcm
or poweroff. The ruddertravelwus thereforeRLtm,itedto i15° and
all atte’mytsto producea spin fs,iled.The modifiedair~lane%’as
thusconsi.?iereds~in~roofbecauseautorotationcouldnot ho produced
nor sustainedif producedby wamounknownmewm.

-—

Spin testswere not conductedwith tileruddertravellizmltcd
to ti.>”for any of ‘be individualmodifications;so it is not known
wh.etherthe o~igiti.airpleneor the airplanewith em.y’one comhinatio,n
of the changesotherthanall of th@nvou?.dYe spinproof‘withtine
ruddortravel limited.

I,ateral.Stabilltyend Control

The angleof bank thatcouldbe ohtajna<lin stea.~sidcwlip
reducedbecausoof the limitedriddertravel. The maiii.mumangle

iWM

Cf
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bank in the modifiedairplanewith ~l~”ruddertravelwaG ayFrGxi-
ma’tdy20° as couiparedwith approximatelyhOG in the original.air-
planewith t3:3°ruddertravelat en alrsyeeilGi’80 milesyer hour.

The adverseyawingin ridder-fixedrcllswas reducedbecw._.~e
of the incresxeddirectionalstabilityprovtdedby the larger ‘:er_Lical.
tail . The limitedrud?.ertravelTim mlfficientto counteractthe
adverseymr of the a.jlerom.

Ths tailof’themodifiedairplanecouldbe held downwhen the
enginem-asturne~up to fuilpoweron the grcundwith the center
of gravityat the forwardpmitioriof SO -percc.ntof theukmn aero-
dynamiccho~’d.The airplanewitlhthe limitedruddertmvel could
not be taxiudsatlsf~ctorilywithouttheuse of ‘Km&s. It is
believedthat impl%o~edtaxyingcouldhavebeen obt::$n~d‘oyctiu.sin.S
the tailwheel to move throughits originaltravelwhen the rudder
travelWaf!limited.

m-e p!,lo-tj did not encovn%f any di,fi’icd.iiy h k’aifihgthe! ‘a~~
&wringa take-offrun,nor did the Lirnitelradd5rtr.rvelCc;iseany
noticeable10ZW of direCtiGnaicontrolduringtake-off. NC crosa-
w-indtake-offand lardingd~ta axe e,’vail.a-d,e.

CONCHJDIIiG3Z@lARIIS

A seriesof .m.edificationswere incorporatediiia typtcalI?,ghb
airplaneto increaseits safety. The modificcitio-~ww~’esnchthat
tiheycouldbe reasonablymade to airplanesalreadyin servic~. Th
resultsof the investigationshow~dthemgl.ii?ie?iairplaneto yosr.ess
the followi~qinherentsai’etycharacteristics:

.
*

.
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1. Motions.accompan~ngthe stallwere greatlyreduced. A
neutral. longitudinaloscillationoccurredwith power off,anda
divergentlongitud5.naloscillationoccurredwith power on if the
elevatorwas held.up beyondthe initialstall, The resulting
longitudinalmotionwas consideredless dangerousthan the lateral
instabilityencounteredon lineoriginalairplane.

2. In turnsthe stilckwas”heldfullback withoutstalling.

3. The airplanecould.notbe spun,poweron or power off,with
any settingcf ‘thecontrols.

4. The generalflyingcharacteristicswere notmateriall.y
altereilin normalflight.

LangleyMemorj.elAeronautical.Is&oratory
NationalAdvism:tCozmitteefor Aeronautics

LangleyFieldjVs., August9, 1946

IXEFERENCE

1, Goett,Earry J., and Delany,Noel K*: Effectof Tilt of the
PropellerAxis on the Longitudinal-StabilityCharacteristics
of 5ingle-EngineAii*pl~es. NACAACR Not 4E2g, 194h*
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TABLE I

(SIKERALDIMENSIONSANDAIUIL4SOF TEE ORIGINAL

AND THE MODiZ?IEDfiIl?15AID3S

Wing.:
Airfoilseotj.on. . . . . .
pl~f~~..... C“.**

Area (tncl.udings~ction
thrGl@hfuselage),Sq ft .

Mean aero%mmic chord,in. .
AspectXaiiO.. ~ , . , .
Xnoi.denceat root,deg .
Dihedral,de~ . . . . .
Washout(fleef’iq.l(b)),

:“* , ●

.*.

& :

ft ,
. . .

Horizontaltail (seefigs,
l(c) and~):
Stabilizer(adjustable):

PYea~sqft . . . ..O
‘r~avel(withresyectto

orj.~inil.thrust
axis)$&e& , . . , ,

Elevator:
Area, sqft . . , . . ,
Tvavel (withr~s~ectto

orj.ginal.thrust
axis),de~ . . . . . .

Ori@al Modified
(dashedlins indim.tes

no ch~e)
--.

. U.S.A.35-B ..--.--.” “-

Rectan@lar
with rounded.

tips -.--”---..”

●

178. > -- ..”--- --
60.6 - ...--”---
6.94 . . . . . . ..- “.
s.8 -L*!2
1 -------. --

Aywox, 3 5’ .

9,6 - .”-------
!-+yJmx. :19 . . . . . . . . --

14.65 ‘ 25.9

~, tailheavy;
1.5 noseheavjy --------.-

10,64 10.8

lQATIXIWLADH.SORYCOMMITTEEl?ORJU?XONANTICS

.
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TA131ZI - Concluded

CXJUE?M”DINEN%1ONSAND AREAS - Concluded

Original Modified
(dashedline indicates

no chanse)

Verticaltail (seefigs.
~(b) and 4):
Fin:

Area, Sq ft.... 4.02 7.6
Rudder:

Area, Sq ft . . . . 6.55 (including 5.9 (no horn balance)
kern balance)

Tin?.vel, d.eg . . ● ● ?33 $1?

30.0

37.0

NATIONALADVISORYCOMMITTEEFOR AERONAUTICS
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(al Three-quarter front view.

Figure l.- Airplane used in tests.
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(b) Side view.

Figure l.- Continued.
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‘-Figure 2.- Three-view drawing of the test airplane showing modifications
made to standard model. (Dashed lines indicate modifications. )
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Total 10:57

NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

Figure 4.- Original and modified vertical tail surfaces of
the airplane ueed in the tests.
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1 I~Max.deflection,modifiedairplane

I I
NATIONAL ADVISORY ~

20. . I I COMMITTEE FOR AERONAUTICS
s

30 40 50 60 70 80

.

Indicatedairspeed,mph

Figure~.- Varlatl.onof elevatoranglefor trimwith lndlcatedairspeed
for the originaland modifiedairplanes.Stabilizerset full tailheavy.
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30
d 9rLglnal airplane Modif$eda$rplane

2 —-—n—— power on ~ Poweron

.

,Fig. 6

—~— Powerof? ~
20

Poweroff

\
x

\
10 T

1‘\ \
El\

\
20

ff
2 NATIONAL ADVISORY

30 I I I I I C~lIIMTTEE FORAERONAUTICS I
30 40 50 60 70 80

Indicatedairapeed,❑ph

Figure 5.- VarLatlonof 8tickforcewithLndic&tedairspeedin the
originalairplanewithcenterof gravityat 27 percentM.A.CO
and themodifiedairplanewiththe centerof gravityat 37 percentM.A.C.
Stabilizer setfulltallheavy.
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0 4 8 /2 /6 20 24 28 32 36 4044 48 52 56 60 G 68
Time , Sec NATiONAl AWISORY

CanlllTrEsm sssosAuTtcs

(a) Original airplane; attempt made to control motions of
airplane.

Figure 7.- Time history of a stall with power off. Stabilizer set
full tail heavy.
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( b ) Modified airplane; attempt made. to control motions Of
airplane.

Figure 7.- Concluded,
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Ttme. sec
MATIOUhL ADwSOW

HInss m Ammun=

(a) Original airplane; controls held essentially fixed.

Figure 8.- Time history of a stall with power on. Stabilizer
set full tail heavy.
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(b) original airplane; attempt made to control motions
of airplane.

Figure 8.- Continued.
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(c) Modified airplane; controls held essentially fixed.

Figure 8.- Concluded.
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NACA TN No. 1203 Fig. 9

40
I I I I I 1 I

19 -Max. deflection,originalairplane

30 -Max. “deflection,modifiedairplane— —

(&

20 ~
% *~ . —‘\

\

10 [L
\

o
Originalairplane Modifiedairplane

—-3— Power on ~ Power on

10 — ~
—&— Power of’f ——c———— Power off

NATIONAL ADVISORY

s CO#fMITTE~ FORAERONAUTICS

8

20 ~
20 24 28 32 36 40

Centerof gravityposition,percentMOA.CO

Figure 9.-Elevatoranglesabovewhich instabilityexistedfor
variouspositionsof centerof gravitywith the stabilizer
full t&il heavy for the originaland the modifiedairplanes.
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Figure 10.- Time history of a stall out of a tight left turn witf,
power on. Original airplane: stabilizer suetfull tail heavy.
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