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I TASURELENTS IN FLIGHT OF THE LATERAI~CONTROL CHARACTERISTICS
OF AN AIRPIANE EQUIPPED VWITH FULL-SPALl ZAP FLAPS AID
SIIPLE CIRCULAR-ARC~TYPE AILZRONS

By Je. Richard Spahr and Don R, Christophersen

SUILARY

The lateral-control characteristics of an airplane
equinped with full-span Zap flaps and modiflied t5 accommd—
date simple circular—arc—-type ailerons »f twvn different
designs were measured in flignt at the Anes Aeronautlical
leboratory.

Structural and space limitetiong restricted the circulor-
arc aileron designs to a type whiclh resulted in large contrnl
forces, Thus, though the effectiveness of the two circular-
arc-type aileron systems tested was of the same »rder as tvhat
2T the original Aao—t"pe surfaces, tie high control forces
reSurlcted the rate of roil with the cl“oulﬁr—arc desiglls.

A dierease in the distance fron the ailernon center »f curvature
to the hinge line resulted in snme reductlion in control forces
The laterml lag characteristics of the airplane and the let rql
control near the stall were considered satisfactory. In
general, the rolling velocity and control force werc very 1ow
Tor small control deflections,

INTRODUCTION
The necd fnr more effective nigh-l1ift devices has beeome
increasingly great with the trend tovard higher wing loacings.
The use »f full-span wing flaps has been recognized as an
effective sonlution 2 this prhULpJ Lot their a“DllC bion
has been limited principally by the lacu »f a satisfactnry
assnciated latcral-contral SjbbGJu



among the lateral-control devices degsigned for use with
fvll-snan Tlaps is the plug-type circuler-arc 7zap alleron.
Alleroms 2T this type were installed »n a navy test sirplane
equipned with full-span Zap flaps, & deccripbion »f this air-—
nicre and results of flight tests were presented in refer-
ence 1, These results showed that tue cironlane possessed the
Tolilauring lateral-control characteristics wnich trere unscetls—
" fectrry in relatinsn to the criterions »f reference 2:

fa) A nonlinear variatinn »f rolling effectiveness
(nex, PH/27) and aileron contral force vith lateral conbrol-
stvielr novenent:

(b) A deficiency in the mexinun rolling effectiveness

(c) Excessive ailevnn control forces at large aileron
deflectioms

(4) =xcessive stretch, friection, and incrtia »f the

L

Fron wind-tunnel and flight-teet investigations 1%
apncored that a circular-arc type »f alleron in combinatinsn
with a suitable ectuating linlkage could be installed 1n the
test eirplene o provide mast of the satisfactory loterol-
contrnl characieristics rec xmumended in refercnce 2. The
installation of ailer-ng most desirable from an aerodynanic
viewpnint would have involved a rclocatinon of the cxXisting
aileran actuating toraue tube and some modilicatione »T the
ving structure itself, and these changes werce consgldcred
impracticable., It was belicved, hnucver, tivt valuable data
could be obtaincd in flight from tests »f & sinple circuler-
arc-type aileron directly connected to the actuating torque
tube. The ailecrons which werce instelled werce designed ©9
give approximately the samec rolling cffecctivencss as 4id tho
original plug-type circular—-are Zap surfaces, Structural
and space limitations restricted the design to a type which
wauld result in large contral forces., Tun allcron teet
installations wcre made, and these diffcrcd »Hnly in the
inclinatinon of the projecting surfacc with the wing upper
surface, The latcral-control charactcristics »f the airplonce
cquipped with cach of the aboave-meatlioncd systcems vere dcter-
nincd from data obtained in stalls and ruddcr-rixed oilcron
rolls,

DESCRIPTION OF AIRPLANE AID RTIVISED AILZRACHS

The najor specifications and dimensinns 7 the test
airplane used in this investigatisn hove been prescnted in
rcference le Views of the airplenc in 1Ts original condition

are shown in figures 1 to 4,



The two gets of revised allerons installed in the air-
plene, hereinafter designated as revised allerons I and
W=v¢sea allerons 1~, respectively, are shown in detall ¢ g
in L 11led in the wing in fisures 5 To 1l. Zach set »f ailerong
1as atitached directly Uo the alleron actuating Torque tube Tl
conce line of which was thus The hinge line., The nlug-tyde
circular-arc Zap ailerons, hereinnd te° refer fea 5o as the
2ricinal allerons, are 1llussrated 1n Tigures 3
nurpose of conparison,

e original differentiel linlkage shown in figure 13% was
used with glight wundifications 9 accommndate the direct
connectiong 2f The reviced allering, _n aréer Lo rediuce tie

xceesive elagticity in the control systen »f revised aller ns
IZ, the original actuating torgue Tube (used in revised
allcrons I) vas replaced by a tube »f grcecater crogs—-sectlonal
moment 2f incrtia,
The kinematice »f the reviseld and sy ] systeons
arc prescnbted in Tizure 14, Zern aileron anpgle corrcansnds 69
the bqgwfwog at wiich Thic unver olie »7 the ailoron wag flusn
with the wing udper suvrface, Sticl pasition reproecents tiwe
horizontel deflcotion from tie ncutral position »f thwe top »F
the control—stick grin (35 in. from the sticl hinge point).
Thie Term "Gotcl aileron anglce® uscd in this repot refors
e angular deflectinn »f the up-aileron (Tlie ¢»r—ailcron
being mOfOO"ﬂgﬂlO 11y ineffcetive), and is dennbed "lofu!
when thic left aillcron is ube
During the flisht tests the averagc airplanc welsnht wes
5015 »ounds and the conter »f sravity was locatoed at 28.0
nereent 27 the necan acrodynanic clord,
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photograpihically recordlil

g1 ':strumentb vere instolled

. -

in the airnlane 12 2btain rccords from vhicnh The following
quantitics were covaeluated: indicated air socoa Jolmal acceier—
ation; clevator, ¢ i“oﬂon, and rulder “nbl::; rolling, J?wLﬂC,
and nitching V010C1blC clevator and alleron contrnl forceg;
and anglc of sideslip. ‘.ll records werce anorroh14od fols

rncans 2F an FACA l-gscenné—intervel tiner. Stoendard airplonce

indicating insbtruments were uced o»n debernine nonlfold preg—

sure, engine spccd, altitude, and frec—olr tonporaturc.

The airspecd recorder wos connected T a vancd o~irspecd
head which wage frec ©2 rotate in »niten and yaw., The airspeocd
head wos mounted 2n the forrerd end »f ¢ boom vwhich was locoted
ncor tihc 1@Lt ring Tip and extended anoraxinaltely one ving—
ciwrd length ahzad »f tle wing 1oading cdgcs The sidesiip-—
angle receorder vane was mounted »n the Torword cad »f & 0290



which extended appr o"¢mately oneg wing-chord length ahead »F
the right ving near the wing tip, (DOC fig, 2.7

The elcvator-, alleron-, and rudder-angle recarders
were attachced to the control system as clasc ©t9 the control
horns as possible; thereby nmininizing the offects of control-
systen clasticlity on the recorded valucs »f control wnositions,

The combination aileron and clevabtor control-force
reeorder was installed on & specially constructed oon*%ol
stici, the grip »f which was in 1l

"

tlic sare location as that »f
the norpal stick (33 in. from the contor »f grin to the stick
hinge point),.
TESTS
ilochanical Characterlsiics »f Ailcron

Contrcl Systems

““iction.— Thc static frictinon in the latcral-contrnli
systems was cscertained from the reerrds o7 alleroan angle

and cnntrnl force »btalned o2n the gprrund dux 1av severol slow
left and right mwements »f the control sticlkk thr-ough the
deflectinn range.

ity »r sgorctenr in the laterel
4 Trom sround nedsurcionts of
the dcfleotlﬁns of the left anc right ollgrons vwhion &
subjccted tno verioug static 1oauings vi’* the chntrol stlci
flxed at the maxinunm left and right |

T
O
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Ioterol-Control Charactcorliatics

Aileron effectiveness and ¢onirol force.~ Records tvere
taken during rudder-fized aileron rolls produccd by abrunt
loft or rlgnt ulck deflectinneg o» & QanCthmlﬂb pagltiomn

d

-
vaich wasg held untll the rolliing vc‘Ohit* nod reooched o
ximum.,  Four 2r Tive left and right sficlk »asitisng -

"{C <
crznlayed for cach of The »llouving configuratione:
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i Fover Flep pooition | Indicated airspeed (mph)

Reviged Ailevrons I

HReted up i 93, 152 i
{ !
1

Dotm

Revised Allernne II

Aillernon control in ctalls.- JTells vere mode Tron slteady
ralont £lichit by clrviy moving the contrnl stichh rearvord
unu1¢ the stall accurrel, An atterpt weas nacde to nointaln th

wings level by means »F the aillernns olone (rudder fixed)e

echanicol Characteristics »f aillernHn

Contrnal 3

Friction.— “he friction in Tie lateral-control sisten,
consideres. as one~he p the necsvred difTerence betieen the
left and corresnonting to a oiven alleran
angle, Tor roviged allerons I and II,
and o2 Th rigi » sveten, 1T 1s nozerved thet an
average »f 1,5 zounds o7 friction e-ls*ea in revised allerons
ag comoared to 7.H pounlisg in the »riginal Cﬂ“fifion, Thls
reduction was Cue princinally 19 the eliminetion A tho oileran
supporting tracks end rollers »f The ariglinal systell

Altlhouzgh the control greten »T reviced allerons II wes
escentislly the sone ag thet »f revigced ailersns I, The curves
»f Tigure 15(b) indicate en everage friciional resistance
of & pounds in the systen. It i1s Delieved thet this incrolse
in frictisan uns iantroducced intn thwe systen by the interfcrence
and nisalincients accomnanying tihic ingtellatinn »f the



enlarged torque tube.

Thie departure from hiorizontal lines o the mean curves
n? Tigure 15 indicates slight mass unbalance. '

The frictinnal choracteristics »f the revised control
systens impressed the pilots favorebly and were considered
greetly inproved over thoge o the oariginal systen.

Elacticity.— The stretcii in each lateral-control systen

is prese qtéd as o Tunction »f aileron contrnl force 1in
fizure 16, In order to facllitate a convarison »f the stretch
characteristics of the systens, tl se ourves are renlotied

in figure 17 wvith the stretch expr sed in nercent of untal
allernn angle, It 1s 2bserved Arqm fl”U e 17 thnt the in-
crecaced torsional ubl;fpeoo Af the enlarged tube for revised
aileron IT recduccd the stretch in the eysten appreciably.
Hovever, the elﬂsticlt" vas still consicered excessive. The
in tellation AT an actuating toraue tube witly sufficient
stiffness epneared impracticnl becouse »f the proliibitive

size and weicht, A satisfacinry actuating syeten which would
emnlny pus h-pull rnds, cables, 7~ a coadinatinm of Dbath,

crull no éoubt be designed t2 reducc the ctretel in the srsten.

Leteral-Controal Characterlstics

Aileron CfbeUlVCLb g and combral Torce.— The ve riztiansg

of ailernn cffecctivencss (max. pb/EV) oand aileran CAHtvﬁl

force with total all ordl :ngle ere presented in Ticvre 15 oo

rudder-fixcd allicron rolle in the qtcd-— MICT, 1008

condition of flighta. Similar curves 7 the srisinal contral
systen arc included for the Durnose 2f conparisihe

Tt is difficult to wake direct compdarisons fron the date
of Tipurc 18, becausc 2T the diffcrcuces in kincnatics and

utrotcn characteristics A the three lefeorol—contral gysteng,
the irrcgular va TlatiOHS of rolling VClOC¢uy ~néd conbtrol force
vith ot ~nl-gurface lo, and the paucity of date Ior the
revised allerons I. Ia »rder to r1vc an inclcmulwn > The
nvor-e1l cffectivencss of the verisus systens, the variatlon
with eirspecd »f stick delflcetlnon auc maxinun pu/PV Ior @
Z0—-pHrund ﬂllc -A1n control force has boen latt:d in ficurc 19

The sticiz poasitions corrcspond o thOSc o rizid countrol
systens, and werc obtaincd from the data »F nguyJ 18, The
tcst porints of figurce 19 repreecnt thie overdges ~f thce valiucs
for lcft and right rﬁllo. Tt is scen thot greater aticlk
deflcectlons (canuloovlng a rigid contrnl arsten) wore rcouired
TAr the »~riginal system than for elther AT the reviscd systens,
and thot, as would be expeeted, the deflections o1 revicsced
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ailerons II were greater than those for revised ailerons .
The corresponding curves for nb/ZV shou similar relatiois,
rrom these curves 1t is seen that for o 30-pound stick Torce
Lgé roliing eiffectiveness was bLaate T for the original

ai’ erodﬂ, next largest for the revised allerons II, end
saelless f92r the revised ailerons I,

efTlectinnsg

The aileron controal forces o wiven stick

eL s d rigid) vere
Le
hi

o
2T the revised 11lufons (conurol svst
sonevhat larger than 3~e LT the “rﬁvlnal r
Drincinelly to the r:loc ion of the allernan n
the resulting longer i .3xent arm fron the hlnbe 11
resultant pressure on tke alleran suvfuocs. Thi

T
S

3
ol

sSurn
ﬁ‘

ns, au

o !-«’O O

s}
oe the and
ine t» the
5}

monent
arm was shorter for revieed allerons II than Tor revised
allerons I, and the co%resgnuﬁing contrnl forces were thus
less.,
Conputationsg of the effectivencss for given stick

prsitions (ricld control eysten) ot verious'el“ﬂaeeds in-
{lcatcd that the values Tor the three sveteuls were 2F the
sane order, and nn consistent differences were ndted.

The results of a linited number »f tezts in the ratcd-
pHwer f1 ﬂpo—cotn condition are »nrescnted in figurc 20,
Irregulear V&?la ions with control ceflcetlnn of aillerosn cone
trol force ond moximum pb/2V are chotm, and 1% is éifficult

tn draw comparl ong, 1t apncers, as was the casc with Tlaps
up, that the orizinal aileron systcn wvas nore satbis fL0u0ry
Than the revised ailerons and thot the rolling chiaractcorisiics
27 revised allernus IT were superior ©95 those 27 reviscd
aillerons I,

Y
i

IT is noted that the valuvcs of Lotk cffcctivencss and
contral force were low in the small—deflection range, This
TTlat" portion near neutral is nrcsunably duc t92 wing ~dund““v—
layer erffects.

Lag characteristics.—~ Time hietorice »f tynical rudldcr-
fixed a 11@?01 r5lls, as ehoun in figure 21, indiccte thet with
flaps cith up or Cown thie delay in rolling nesion folloving
a stick n VOAOHU was satisfactorily snoll Tor all three ailcron
systems, indicatving thet the chorduwlse locatinn »f thc eilcrons
was sulTicicntly roarord (refercnce 3),

Aileron control in stalieg.— Curves arc precented in
figure 22 KJlCu shiow tiat adecuate control ncar tic gtoll s
presible with revised allerons IZ uﬂ“ undouctedly would heve
been possio“e with revised ailcrans I, Pilote! inpressisns
o7 thwe aillernn effectiveness ncor the stolls vere favoralle,
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Propoged inmproved desigii,- The developument of a satis-—
factoary oircula“~?rc alleron for the test airplane would
require at least the relocatinon of the Liinge line at a p01nu
clare ©o the rear spar and the upner surfoce of the wing T2
perinit the cxtensinn ofF sufricicent ailernn surface £or tie
develnoment »f adecuate rolling moments, £ possible arrene-—
nent HNr surfeces in which the center »f curvature is coinci-
dent with the hinge line is shown in figure 23. This Geclgn
unuld uﬂvc less friction than did tue »riginal aileronw.

On the basis of the wiad-tunrel and flight—test investigatinons
reported 1n references 4, 5, and &, zern alleran hlzmo oments

a1l be expected froan The cvrved surfrece, Tlierciorc, an
upner nlate is incorporateld To provide cufficient control

frirce Tor "'“OL and scif-contering characteristics, It 1s
Believed that this tyne »F desipn would nroduce rolling
Ilaracucwe‘,ucg satigfying the minipun recuirenent of @

pu/LV nT 0,07 vwith a 30-pound coimtrol “arce of alrepecds ud
T2 0,0 naximun lcwo‘~Lx1~ut speod (“efcﬁonoc 2). It is
possible, houcver, that the veriatinsn of cnutrol force Wit
aileron angle would nnt be 1in:ar nc tiwe “Oﬁliﬁf monento at
snall defleciinng nipgnt ke lov, ians Huld have o be Tound
o1 elininating t1oce undesirable c¢ffccte belnre the contral
could be regarded as entiroly satlelactory.

"J

CONCLUSIONS

The fo1llowing concluginnsg can be dravn fron the
tcsts resulte prescnted hicreln £or the tfﬂt ailrplanc
with 1”370 o¢wcu7al~ﬂ“p~uvao ailornng HF i diffcerer

1. The rolling cffcctiveness »T oth scbe »f revieed
(51.ulh 01 cular arc) allerons was »f tiic saulc Arcer as Tnet

of the originol plur-type circuler—orc ollering.

2, The aillcron cnntroal Torces with the reviscad ailormigs
were considerably crcater than thoce witiy the sricinal our-
facos and, as anticipated, the forces %% the reviced
ailorons were o functinn »f the distance from the alleron
cenigor »f curvaturs to thc hinge linc.

3, The latcral-control lag characscristics cxhibited by
he airnlenc whilsc equipped with the reviced allerons Lre
nnt »biectionable,

I, The reviscd aillernns terc concble of e¢omtralling tho
r211ling tendencics o the airplonce hcar tlic abalis

cntire ving cpan 2oncal's To be 1aowaégigablc boeauno
cxceoseive cize required tn pravide adcduote sTLITNCot.

Re The use »T alleran ﬁwLL Line orouc tubes oo tic
2T thc
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6, It ig probeble that the beet design of a circulor—
are—type aileron systom whiclh would O”OV¢&C sufficient rolling
crTeetivencss without ”g0u1”ing ciccssive control Iorces

sinuld hove *hic centcer of curvaturc coincldent with the hinge
linc, ond siwuld hove the ninge line located ncar or avove
thic surfocc »f the wing.
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Figure 4.~ left wing with flaps and ailerons fully extended.
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FIGURE 3. — DE7A/ILS OF REV/ISED A/LERONS I




(a) Front view

{b) Rear view

Figure 6,- left wing with revised allerons I fully deflected.



Flgure 7.- Top view of left wing with revised ailerons I in
neutral position with cover plates open.
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(a) Front view

(b) Rear view

Figure 10,- lLeft wing with revised
allerons II fully deflected.



Figure 1ll.- Top view of left wing with revised
: ailerons II in neutral position with
cover plates open,
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(a) Control stick neutral.
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(b) Control stick full left.

Figure 13. - Original differential linkage in fuselage.
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