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RACA ARR Wo. L5023
NATIONAL ADVISORY COMMITTEE FOR AERINAUTICS

ADVAT'CE RESTRICYED TEPORT

FLIGHT TESTS OF TEER LATIRAL CONTROL CHARACTHRISTICS OF AN

P6I'-3 AIRELANE EQUIPPED YITH SPRING-TAB ATLETONS

By ¥alter C. williams
SUARY

Plight tests wers rede to determine the lateral con-
trel charasteristics of an F6GF-3 sirnlesne egqulpped with
spring-teb allerons, whlechn wera develoned LY the Gruman
Alreraft Engineerirg corn. and have been rade a procduction
installation on T6T" airplanes.

The flight tests showed that the spring-ted ailerons

Jhad desirably 1isht sticlk foreces and no tendency to over-

balence. altkourh the tobs were not mass-balanced, no
flutter tznderncins were indicatel «t opeeda up tan ﬁGO riles
per hour, an? any oss!lllatlions following abrupt cortrol
deflections were heavily damned. Tue sprins-tab ailerons
gave 80 percent nizher velues of effectivences with a
20=pnuné stick force at 490 miles per hour then ithe
original ailerons on the F6F-} airplane. At spzeds lower
than 275 miles per hour, the spring~tab allerons vers less
effestive than the original =ilerons wucause of restricted
aileron travel as & result of tha use of larze stick
deflaction to d=zflect the soring tuh. Fecommundat:ons are
made Lor modificaticns thst weull increcse the alleron
effectivenasrs at low spesds without affectin, tic lataral
control £t hlch speeds. The moldlfications nonsinct of
incrazsing the avalleble asilercn cdeflection urd ro2ifying
the swring=-tet arrangament. Such sn arrangerent =ight,
howsver, be mors suszentible to flvtter than the prodac-
tlon installation.

IXETRODUCTION

Flight tests were made to doterrine the lateral con-
trol characteristics of an F6F-3 airplane equipped wilth
spring-tab allerons, which were develoned by the Crumman
Alreraft Engineering Corp. and have been made & production
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instaellation on P6F airplanes. Conslderable interest hus
been slown 1n the usge of spring tubs as & meens of baluncin:
control surfaces on high-speed alrplanes, because spring
taubs permlt 1lilght control forces to be obtalned at hlgh
smeeds wlthout eklng the balancing uctlon critlcal to
#rall ehanges ln control-surface contour. These advante;ss
ure obtalned because the balanclng actlcn provided by &
spring tab is proportional to the avolied sontrol force,

and vary close serodynamic balance of the control surface

13 not required.

ATRPLANE AND ATLERONS

The F6F-3 alrplane 18 & low-wing, single-place,
single-engine, fichter-type monoplane. A ihree-view
drawing of the alrpl&ne 1s shown as flgure 1. The spring-
tad allarons have a ¥Frisae type nose balance and ere
idsntical to the srifinal FéF-3 rilarons except that =
spring tab hes teen Installed on each alleron, Thase
spring tabs &re 1dsntical in size and location to the
trim teb on the orlirlnal ™ér-3 ailcrons; in the cuse of
ths spring-two wilsrons, howsver, the tab on the lefti
aileron 15 a comblnation trim and spring teb. Details
of the apring-tab aileron urrangemsnt are shown in fig-
uras 2 and 3, which were furnished by thz Crumman Alrcraft
Enginesring Corp. Dimenslons pertinent to the alleron
characteristics are us follows:

Ting spun, £86L .« + 4 0 4 4 e e e 4 s e e 0 e s . J2.83
illeron span (esch), feet ¢« ¢ ¢« ¢ ¢« ¢« o v ¢« « « 0375
Tistance from center line of alrplane to

inbecard cnd of alleron, percent semispan . . . . 6l
#lercn chord, percent wing chord « ¢« « ¢ + + &+ & & 20
tileron area behind hings line (each), square feet . 7.5l
Sorirg-tab ares (each), square foot « « o o« o + & O.héé
Soring~tab span (each), feet « ¢« « ¢« + . « s « . 1.375
Stick force rsquired to deflsct spring tab 1°,

DOUNAS &+ o s s o 5 o « s s & o s s 8 s s s o o s 1.6

No preload was used in the spring of the arrangement
tested and the tabs hed no mass balance. The variaticn
of stiek position with right-ajleron spring-tadb angle
with the aileron held neutral is shown in figure L. The
tab ungles are messured in dsgrees from the alleron. The
ralation betwzen stick position znd right- and left-allsron
sngle, with no load on the control system, ls shown in
figure 5. The alleron angles are referonced to neutral.
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TNSTRUMENTATION

Standard NACA photographic recording instruments,
synchronlzed by an electrlcual tlmer, were used to measure
alrsnecd, rolliusr veloclty, ailercn silck force, and the
position of the soring tab, egilleron, and stick. Correct
servlco 1ndicatsd elrspeed v13 used hersin 1s defilned

as

vy T KEGAS

where
¥ = }5,08
9 comrprecslibility correction at sea level

q, impact preasure, reasured differonce betwean static
and total-r=uad prassures corrected for position
error, lnch-s of water

TECT RESULTS AuD DISCUSSION

Teoats were made to deterrine whetheor the spring-tab
allerons tonded to osctllats or flutter in the soeed range
to 1400 rilas ner hour. 1hese tests concicted of mancuvers
in wvhich ths pilot aebruptly deflusted and roleased the
aileron control st various spceds., 1Tynical time historics
of the maneuvers are showvn in flsure 6, vhich indicates
thet any oszfllation of the ulleron or sprins tab wes
heavily deamocd and dlsaprearad completely within two
eyclaes. The nilot reported no flutter iu the =psed runge
up to 10D miles per hour.

The lateral control charscteristics wore measured in
abrupt &llsron rolls with thes rudder held flxed as
desceribad in refererce 1. These rolls werc mede at
incremsnts of 50 milis oer hour from anproximetaly 100
to 40O miles rer Lour. Th2 results aro glven us the
variation of &elix anglc pb/2V  and chunge in alleron
stick force nt vurious asncieds with the chunge in total
aileron angln in fipure 7 and with stick position in
figure 8. Mo force dsta ars chown in these figurss for
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most of the end points on the g%-curves because the con~

trol stick was against the stops snd the forces recorded
were a measure of how hard the pilot was pushing sagainst
the stops rothar than a measure of the force required to
d:2f'l:et the ellerons. Limlted stick deflentions werc uscrh
£t 350 and LOO miles per hour in order that the structursl
ﬁesi%n loads of the system would not be excceded. Flgures'7
sud & show that the alleron stick forces are guite light
22 there is no tendency toward overbalance. It should

ve noted howevar that, although the end test points 1in
fizure 7 indlcate partial ulleron deflection, figure 3
shows that substantinlly full stick trevel was used to
obtain these alleron dc¢flactions. This conditlon occurs
because considersble stick travel is used to deflect the
spring tab.

In all fllghts for which duta are presented herasin,
the transmittar of an NACA electrical control-position
recorder was mounted externally on the vight aileron to
measure ths sprinc-tzh angles. A4 flig bt mude without the
transmitter, howevzr, showed tnat thls protuberance caused
no change in the alleron characteristics. The results
of the me.suraments of spring-tub angles durlnj;; the abrupt
eileron rolls are shown in fisure 9 as the vartation of
spring~tao anglec on the rlght ocileron with deflection of
that alleron. The siwilarity of these curves to curves
of Lings-morent coefficients for & Frise type sileron,
suzh &#s i¢ used on the F6F-3 airplane, Indicate that the
tub angle is proportional io the stick force required
to delflert the ailleron. That tis, for ths down~aileron
deflectione, the larre tab angles indicate little aero-
dynamic Lalenza; while for the up-~alleron deflections
it3 nepative tnb angles tend to orpose the ellsron travel,
vhich indicetes seradynamlc overbalance, until scparation
ozcurs ahout the nose. Saparation decreases the serodynamic
balance nnd cauces the spring teb to deflect in a direc-
tlon to uid in deflecting the ailerons.

The over-all affliciency »f the spring-tsb allecrons
1s compar:d with that of the original ¥6F-3 allerons in
figures 10 and 1l. These flgur.s pre¢sent, respectively,
the pb/2V nnd the rolling velonity at an altitude of
10,000 feet obtained throughout the speed range with full
stick deflcetion or 70-pound stick force, whizhover occurrsd
first. The datu for the original allerons were obtained
from a flight investigution (unpublished) of the handling
qualitles of the FéF~3 airplane, These date show that
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the spring~tab allerons are less effectivs than the
original allerons at speeds lower than aporoximstely
275 miles per hour. 7The loss in effectiveness ol the
spring-tub slizrons I1s caused by ths limited sileron
traval, whlsh results fron ithe use of large stick
deflaction to dAsflect the sprinz tab. At speads greater
than 275 miles ner hour, the effect of th: lighter stick
forses of “he spring-tsb allcroas bteznmues nredomirant
and, as 2 result, tos silsron effectiveness obtaired
vith 9 32-nnund stick forze st LOG wiles per hour s
approximately 80 perceit higbher with the spring-tabd
allerons then thne slleron otfeetivenens obtrined with
the original sllerons.

The losrs in effectiv-ness of the spriug-tadb ajllercns
can e docremssd ¢t low speeds wlthout sffocting the
desirubly 1!pght sticik forses st hizh sve2ds iIf a atiffer
spring 18 uted and 1f, st the same time, tic langth of
the tab actusting srm (fig. 2) 1s so incrsased that the
ratio of stick force to tab deflection is kept the sane
as in tre 2prinz~tab alleron tested. 1In thic sugrosted
arrangement, the ctick feflection requlred for full tad
deflrction wovld te deereancd and thits decicase woauld
allow larger slleren deflectlion. Tuch an arranenent,
however, wisht muks the tad Installshion more susceptible
to flatter (refcrencs 2}); ithat is, the tad vculd have a
greatsr mechanical sdvintare over ths coatrol system
than the sprine-tsd tortcd und, thorefore, inertia effects
of the tab vould be .nre 1likely Lo cause flutter, Turther
incr2ares ir allerosn 2ifeati ven2sr at the lower ageeds
coull be accomrolisabad by iusreesing the dovn-zileron
deflacticn Lo the sawme valer es the present us-uileron
deflzction., Incressts in tle uo-allsron deflection
are not rzscommended, hrwever, sinee tigure 9 in‘isutos
flow scncration avout the nose balanss wnd any licrause
in up~rileron deflectior nlsht thecrefore result in
gllsron buffet at full dellectlon. Althouzh the ivicrouse
in domm=-nilersa deflrctinon might resvlt in ccoweswliet bijler
stiek farezn tiwroughnout the spsed ranze, 95me ridvction
could he mude in the sprins etiffnecs to roduce the stiek
forcas to the »rasent valacs end, st ilrs seme time, retain
incrsased ollcron effuctlivaness at low snceds.

CONGLISINLE

Flight tests to determine the lateral control char-
acteristics of an F6F-~3 alrplane eguloped with spring-tab
allerons indlcated ths following conclusions:
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1. The spring-tab ellsrons on the FEéF-3 alrplane
showsd no tendancy to flutter in the speed range up to
l:50 miles per hour, and any oscillstions feollowinyg
abrupt contrel deflectlorn were hesvlily cdamped,

2. T™e gpring~tab allerons had Aesirably licsht stiek
forces without any tendency to overbalunce.

3., Tha spring-tab milerons gave {0 percent higher
vnluss of effectivenasr with a 30-pound stick force at
0O miles ner hour thun the originml F6F-3 mllerons. At
speeds lower thuan 27% rilas per hour, the snring-tsed
sllerons had 12se effectiveness than the orliginel mllerons
beceause of restricted mileron travel sc a result of tle
use of lsrge stlclk deflection to deflect the soring tab.

L« The svallable silercn effectiveness with the
spring-tab sllercns at the lower spesd: c¢ould be Insreassd
without affecting high-soeed laterel control 97y an increase
in the availsble alleron deflaction and s modiiicatlon
of the sorirg-tsb arrargement, Such an errangsment might,
howaver, ve mrare susceptible to flutter than the produc-
tion installation.

Langley iomorial Aeronsutical Lsboratory
Iationel Advisory Commlttee for Aeronautics
Lengley Field, Vsu.
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