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?IND-TUN&EL INVASTIGATION OF A PLAIN AILERON WITH
THICEERNED AND BEVELHD TRAILING EDGES Od A
TAPERED LOW-DEAG WING
By Paul B. Purser and John W. McKee

SUMMARY

An invegtigatlon was made in the LMAL 7- by 10-foot
tunnel of verious modifications of the trailing-—-edge
portlon of a 0.20~chord plain alieron on a partial-gpan
model of a tapered low-drag wing. The modificatlons con-
gldered conglisted of verious amounts of symmetrical and
unsymnetrical thickening ané bevellng of the alleron
trailing edge. The effects of alleron-nose gap, nose-
8eal locetion, and tad deflectlon were determined for the
most promiging modifications. The coutrol-wheel forces
and the rates of roll were estimated for a high-sgpeed
ailrplane wlith the original ailleron and with pome of the
modifled allerons.

The regultes of the tegts indiceted that, for the
arrangoment tested, the use of beveled allerons would
gsubgtantlally reduce the high-speed control forcee and
would cause gome chenges in the alrplane gtability char-
acterigtice. 4ltlaough not directly couparable, the re-~
sults are in gualitative agreement with previous wind-
tunnel and flight tests. The effecte of profile modifi-
cationg on the hinge—moment characterlstics appeared to
depond greatly on the included angle between the upper
and lower surface at the alleron trailing edge. A4ir leak-
age across the mileron nose temnded to causé overbalance
of the beveled allerong at spmall deflections and also to
reduce their rolling-moment effectiveness. This leakage
cauged a greater losgs of effectiveness witH the beveled
alleron profile than with the origlnal cusp aileron pro-
file. Thickening and bevellang only one surface of the
alleron gave legs aerodynamic balance than thickening and
bevelling both gurfaceg and produced a larger floating tend-
ency, which would sllow advantageoug uge of a differential
alleron lidkage. Tab effectiveneas vearied with ailleron
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profile end in gome cages was unsatigfactory. A4n alter-
native trinming device that sghould prove satisfactory
when the use of an ordinary tadb is inadvisabdle ig sug-
gosted and analysxed. .

INTRODUCTION

The increaged importance of obtainlang adequate lateral
control with reasonable control forces for high-sapeed
sirplenes under all flight conditiong has led the NACA to
engage 1n an extensive program of lateral-control research.
The purposes of thig orogram are to determine the character-~
igtices of exlisgting lateral-control devices, to determine
the effects of various modifications to existing devices,
and to develop new devices that show promige of belng more
satiafactory thar those now 1n use.

Two~-dimengional-flow tests of a 30-percent-chord plain
flap on an NACA 0009 airfoil (reference 1), three-dimensional-
flow tegts of a 15.5-percent-chord plaian alleron on a tepered
NACA 230 geries wing (reference 2), and unpublighed results
of flight testas of a fighter mirplane show that thickening
and beveling the control-surface trellling edge 1g a power-
ful meansg of adjusting the hinge-moment chsracterisgtics.

The present tests were made to determine the effects of va-
rious profile modificationg on the characteristics of en ail-
leron on a tapered-~wing model with low-drag alrfoil sections.

APPARATUS AND METHODS

Kodel

The basgic wing model (fige. 1 and 2) was a 0.40-gcale
partial-gpan model of a low-drag wing, dbullt of laminated
mahogany. The airfoll section varied from NACA 66,2-2(13.716)
at the root to NACA 66,2-2(13.125) near the tip.

The 0.20c aileron and typical alleron profile modifica-
tions tested are shown 1n figure 5. The true alleron pro-
file for thisg low~-drag wing is a2 cusp. All variations from
the cusp or true profilie ended abruptly at the inboard end
of the alleroa and falred into the tip. The alleron was
tested with a sheet rubber geal in two locations. This geal
prevented ailr flow across the nose of the alleron from the



inboard hinge to the outboard hinge bdut dild not seal the
0.023=inch longiltudinal gaps at the hinges. In order to
form the beveled alleron contours the original aileron wag
firast thickened to straight lines tangent to the nose arcs
and pagsing through pointes 1 percent of the wing chord
above and below the originel upper and lower gurfaces at
the ailleron tralling edge. The tralling-edge portion was
then beveled linearly and gymmetrically to the original

tralling~edge thickness. The beveled portion of the-aileron

wlll hereinafter be referred to as the "bevel.? The June-
tures between the forward end resrward parts of the alleron
were rounded hy arcs with redii egqual to 20 percent of the
wing chord. (See fig. &.)

The geometric characteristics of the low-drag wing and
of the 0.40-acale model are glven in table I.

Test Inetallation

The test setup 1le shown schematically in figure 4.
The partial-span wing model was supported Lorlzontally in
the LMAL 7- by 10-foot tunnel (reference 3) with the in-
board end of the model adjacent to one of the vartical
walle of the tunnel, the tunnel wall thereby serving as a
reflection plane. The model wss supnoorted entirely on
the balance frame with a agmall clearance at the tunnsel
wall gso that all the forces end moments acting unon the
model might be measured. The angle of attack of the modsl
could be changsd while the tunnel was in operation.

The aileron was deflected a1d the hinge momenta were
meagured by means of a callbrated torgque rpd and linkage
syetem developed for this type of test setup (fig. 5).
Torque to deflect the aileron 1s applied at the hinge-
moment dial and trangmitted by the torque rod, the alleron-
deflectlon-drive tube, and the link to the amaileron. The
alleron deflectlion ims indicated on the alleron—-deflection
dial by e polnter fixed wltlL respect to the wing. The ai-
leron hinge moment is determined from the twigt in the
torque rod, which 1lg indicated on the hinge-moment dial.
Inagmuch ag a clamp 1g provided for locklng tke hinge-
moment dial to the balance frame for each aileron deflec-
tion, no external loads are imposed upon the balance gye~
tem. The torque rod 1g-calibreted 1n.the actual ingtallae-
tion for each model tegmted.




Test conditioq

All tests were mede at a dynamic pressure of 16.37
pounds per squaAre foot, whlch corresponds to a velocity
of about 80 miles per hour, and at ‘a test Reynolds number
of about 2,350,000, based on the mean aerodynamic chord of
a complete 0.40-gcale model (3.21 ft). The tests were
made at low scale, low veloclity, and high turbulence rel-
ative to the flight conditions to which the results are
applied. The effects of thepe varlables were not deter-
mined or estlimated.

RESULTS AND DISCUSSION

Coefflclentes And Correctlons

The symbols used in the presentation of the results are:
C; 1ift coefficlent (I/gs')
Cp drag coefficlent (D/qst)

C;' rolling-moment coefficient (L'/qbs)

LI
GL' uncorrected rodel rolling-moment coefficlent ( o )

qb!g!
C,' vyawing-moment coefficient (8'/qbs)

Ch aileron hinge—-moment coefflecient (H/anEh)

L twlce 11ft of partisl-apan model
D twice drag of paertial-gpan model
! rolling moment about wind axls in plene of symmetry

of complete wlng due to alleron deflection

L'm uncorrected rolling moment of partial-snan nodel
about wind axig at tuunnel wall due to alleron
deflection

Nt yawing moment ebout wind axis in plane of symmetry

of complete wing due to alleron deflection
H alleron hinge moment

c wlng chord




... Alleron chord aft. of hinge axis (meanpred perpendic-

Cg
ular to hinge axis)

Cq root-mean-pquare chord of ailleron (measured perpen-
dicular to hinge axis)

b span of complete wing

b! twice span of parﬁial;span model

g arsa of complete wing

§! twice area of partial-sgpan model

sa area of one alleron aft of hinge exls

a angle of attack of wing

8a elleron deflection from neutral, positive when
tralling edge 1ig down

St tab deflection relstive to alleron, vositive when
tralling edge 1s down

ew control-vheel deflection

q dynamic pressurs of airetream, uncorrected for
blocking (%pv{)

v fres-astream vaelocity

Vi indicated veloclty

C1' rate of change of rolling-moment coefficient C3!

P with helix angle pb/2V ' '

P rate of roll -

Fe aileron control-whee{ force

Subscripta:

u alleron-up condition )

d alleron-down condition

4 positive value of L' or 03'" corresponds to an

increage in lift of the model, and a positive value of X!




or Cp' corresponds to a decrease in drag of the model.
The angle of attack, drag coefficient, and rolling-moment
coefficlient have been corrected for the effect of the
tunnel boundaries and to the aspect ratio and taper ratio
of the complete wing. The over-all correctlonas to the
hinge~ and yawing—-moment coefficients were estimated to
be smpll and were not applied. Xo correctlone have been
applied to any of the results for blocking, for the effects
of the gupport strut, or for tae treatmeat of the laboerd
end of the model, that 1s, for the small gap between the
model and the wall, for the leakage through the wall
around the gupport tube, or for the bouadary layer at the
wall,

The over-all corrections which were applied (by addi-
tion) to the angle of attack ‘(id deg), the drag coefficient,
and the rolling-moment coefflcient were:

Aa® = 0.41 Cy,

0.0084 ¢;°

ACp
AC,' = -0.519 €'y

Characterlstics with Allerons Neutral

Effect of eileron profile.- The characterlstics of
tkhe 0.40-gcale model with the varlous allerons set at gero
are phovn 1n flguresg o to 8. The changes in 1lift and drag
coeffliclents of the complete wing caused by modifications
of the alleron profile ghould be legs than indicated by
the flgures silnce the percentage of span covered by the
alleron would be less on the complete wing tken on the
partial-span model. Thickening the alleron profile reduced
the glope of the 1lift curvse. Thickness added to the ai-
leron lower surface had e much greater effect on the lift-
curve glope than did a slmlilar modification of the aileron
upper surface. Modificatlons of the allerom profile had
no meagurable effect on the minimum drag coefficient under
the test conditions of low scale and high turbulence. The
slope of the hinge-moment curve 030y/3a &at zero angle of

atteck becams more positive as the alleron profile was
thickened and, for symmetrical tnickening, aeppeared to
vary directly with changes in the included angle between
upper and lover surfaces of the alleron at the trailing
edge. The data of references 1l and 2 ghowed gimilar varl-
ations-of ach/aa with tralling—-edge angls.




BEffect of noge gep and gerl.— The effects of gaps and
peals at the alleron nose may -he  determined by comparisonsg

of the data from figures 5 to 8 and are gummarixed for the
‘original cuep aileron and for one beveled aileron in fig-
nres 9 and 10. The presence of a seal at the alleron nose
haed no appreclable effect on the wing or ailleron character-
igtics except in the cass of thes original cusp ailleron, for
vhich the geal slightly increased the slope of the 1lift
curve.

Characterlgtics with Allerons Deflected

Effect of aileron proflle.- The effects on the aileron
characterigtlcs of modlifications of the alleron proflle are
shown in figures 1l to 15. Aes the alleron profile was
thickened the slope of the hinge-moment curve ach/aaa
became more posltive mand the rolling-moment coesfficlent
avallable from a glven alleron deflection decreased.
Changes in the alleron profile hed no appreclable effect
on the yawlng-moment coefflclentg. Thickening the aileron
on only the upper or lower gurface had approximately half
the effect on ach/aaa ag thiclkening both surfaces and pro-
duced changes of about 16° in alieron floatlng angle at a
low angle of attack. At hligh angles of attack, the aileron
wlth the bevel on only the lower surface had almosgt the
game charmcteristlices am the syammetrically beveled alleron;
whereas the alleror witk the bevel on only the upper sur-
face had characterlistics that approached tnose of the orig-
inel cusp allsesron. At & low angle of attaclk,. additiounal
thicknegs on the top of the aileron had very little effect
et hlgh poslitive alleron deflections and additional thick-
negs on the bottom of the alleroun hed very little effect
at high negative deflectlons. ¥For the sealed allerons:
with symmetricelly thickened profiles, ach/aG, appeared
to vary directly with changes in trailing-~edge angle. The
data of references 1 and 2 ghowed gimilar variations of
30,/38, with tralling-edge angle.

Effect of nose gap and geal.— The effects of gaps and
goealg at the alleron nose may be determined by comparisons

of the data from figuree 11l to 13 and are gummarized for
the original cusp alleron and two of the beveled aileronsg
in figureg 16 to 18. A% m low angle of attack, the pres-
ence of the geel provided a l3-vercent increase in the in-
crement of rolling-moment coefficlent between 53 = 15°
and 8, = -156° for the original~cusp alleron.  The bottom

soal slightly increased the negeative value of aoh/as




vhile the top seal reduced this value by about 0.002 at a
low angle of attack. At a low angle of attack the ailleron
with the 0.20c, bevel wae considerably overbalanced wilth
no peal; the addition of the top seal reduced thlg over-
balence to about half the no-seal value, and moving the
seel to the bottom locatlon produced a gllightly negative
value of ach/asa. The pregence of the seal causged a 20—
percent increase in the lncrement of rolling-moment coef-
ficient between 8, = 15° and 8, = -15%. The aileron
with the 0.30cy bevel was overbalanced with no seal and
large gaps but, when the gaps were reduced by one-half eil-
ther with or wlthout plesticlne to change their intermal
shape, ach/asa bscame neerly zsero. Adding the bottom
geal to the allsron changed ach/aaa to a negative. value
of the same order of magnltude ss the positive value ob-
tained for the Aaileron with the large gav. BReducing the
zaps by half increaged the increment of rolling-moment
coefficlent between &, = 159 and &8z = -15° by about

16 percent; sealing the nose lucreaged the incremeant by
about 28 percent.

Effect of seal locetlon.- The effects of changlung the
gseal locatlion on the alleron charecteristics may be deter-
mined from figures 16 to 19. The location of the geal had
no measurable effects on the aileron rolling- and yawlng-
moment coefflcleunts. As shown 1n flzure 19, the aileron
proflile had very little effect on the increment of hlange-
moment coefficlent due to movling the seal from the bottom
to the top positlon, particularly at a low angle of attack.

Alleron Trim Characterigtics

The effects of deflecting a gealed tadb (fig. 3) on the
aileron characteristics are ghown in figures 20 to 22. The
data for the aileron with cusp profile (fig. 22) were taken
from previous unpubdlighed tests of the original aileron
wlth a gealed lntermal balance. The tad effectlvenessg at
gero alleron deflection was, 1n general, lower and more
erratic with the aileron thickened and beveled than with
the orlginal cugp contour, particularly at a low angle of
attack. ¥With the thickened and beveled aileron deflected,
the teb was more effective ags &n unbalanclng tab than as a
balanclng tab. Becauge of the dlfferences ln tab effective~
negs, an airplane with beveled allerons trimmed by meansg of
tabs would have unsymmeitrical wheel-force characteristics
for right and left roll; thig effect has Deen obdserved 1n
unpublighed flight tegts of a fighter alrplans.
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Becauge of the erratic tad characteristics, some other
device. to.trim thickened and beveled ailerons may be neces-
gary. A ayetem of trimming by springs ls suggested and
analyszsed as follows:!

A system 1s assumed that has a maximum aileron~control-
wheel movement of +84° and e control-wheel diameter of 14
inches. A maximum trimmling force that can be applied in
both directlons equivalent to & 10-pound wheel force and a
permigeible increment of wheel force at full wheel deflec—
tion due to the centering actiqen of the spring system of 2§
pounde are magsumed to ba gatisfactory. The gprling system
would conglest of a single spring capable of bdeing stressed
in both directiong or of two owposite springs each one-half
deflected and opposing the other. One end of the spring
system would be linked for suitable rotary or linear motion
to a part of the alleron-control system. The other end of
the spring esystem would be connected to an lrreversible
mechaniegm (driven by the cockpit trim control) that would
deflect the spring and cauge it to exert a trimming force
on the alleron control system. It should be pointed out
tkat the trimming force exerted by the spring uanit, unlike
that exsrted by a tab, would not vary with gpeed. Thig
characteristic may not be desiravle. Table Il 1s & com-
parleson of various posslble spring systems.

Egtimated Aileron-Control Characteristics

The rates of roll and the wheel forces during steady
rolling were egtimated for 2 high-gspeed alrplane with the
wing of figure 1 and table I and with the original and
gsome of the modlifled allerons. 1In order to be able to com-
pare the characterlstlice of the various aileronsg on an
equal basls the maximm deflectlon used for each modifica-
tion was that necessary to produce a pb/zv of 0.09 at an
indicated alrgpeed of 139 miles per hour. The value of
pb/2V of 0.09 wag chosen in order to insure a suitable
margin over the required minimum pb/2V of 0.07. (See
reference 4.) The rates of roll were estimated by means
of the relationghip

pb/2v = ct'/c;'p : (1)

vhere the coefficlent of damping in roll c;'p wag taken,

for the wing with the original cuep ailerons, as 0.53.
Thig value wasg obteined by arbitrarily increaslng the
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reference 4 value 10 percent in order to account for the
higher lift-curve slopes of low-drag wings. Tor the wing
wlth the modified allerons the c;'p value of 0.652 wae

decreaged 1n 'direct proportion to the changes in lift-curve
slope due to changea 1in the aileron profile. (See figs. 6
to 8.) It has been agsumed that the rudder will be used to
counteract the yawing moment, that the alleron operating
mechanigm lg nonelastlic, and that the wing will not twist.
These assumptions will result in estimated rates of roll
that will be higher than would be obtmined in flight with
the nonriglid airplane. The wheel forces were egtimated
from the relationship

o), 2 @) o

which may be derived from the aileron dimensiona and the
following. alrplane characteriatice:

e s s s+ e s = 2 = e« 414
© e « o o e o« o o « « bb
« . . 2.38:1
. 1ow—drag NACA 66 gerles
e o« «» +20,661

Wing area, square feet
Span, feet . . . .
Taper ratio . . .+ « .
Alrfoil gection .

Welght, pounds . . . .

Wing loading, pounds per square foot . . . . . . . . 49.67
Wheel diameter, iInches . « : « ¢ « + « & « o 2 o« & = 14
[ ] L] [ ] L L L ) ia 4

Maximum wheel deflection, 8, degrees

The 1ift coefflcilent in equation (2) was taken from a
comolete alrplane 1lift curve (fig. 23).. The value of the
constant in equation (2) is dependent upon the wing loading,
the slze of the ailerong, and the wheel -diametsr. JXFor the
equel up-and-down linkages, the valueg of dBa/dﬂ' were
aggumed constant for each arrangement and were determined -
from the meximum wheel deflection of +84° and the maximum
alleron deflections noted on the figures of computed resultas.
Of the two unsymmetricelly beveled ailerons, the aileron
with the bevel on the top surface had more satisfactory
hinge-~-moment characteristics for a differential linkage. A4
differential linkage was desgigned in order to take asdvantage
of the floating tendency of thlisg alleron. The values of
d84/88y for the differentiel linkage may be determined
from flgure 24. Except for two cages in which the aileron-
control characteristics were computed for the gtatie (no-roll)
state, the values of (;' and Cp used in eguations (1) and
(3) were the values computed for the steady-rolling state;
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" the local angle of attack at the two:-milerons during -roll-
ing has been taken into account. The effective change 1n
angle of emttack over each aileron was aspumed equal to the
geometric change 1in angle at a point 1/10 of the pileron
gpan from the 1inboard end of the alleron. The locatlion of
the polnt for determining the effective change in angle of
attack was determined from comparigons of the span load-
ings over the alleron induced by rolling and by changing
the angle of attack of the complete wilng.

The estimated alleron~control characteristices at three
indicated ailrspeeds for the alirplane equipped with the
orlginal ailerong and with the various modifled ailerons
are oregented in figure 25. Flgure 26 is a comparlison of
the high~speed wheel forces for &all the ailerons. As shown
by figures 25(a), 25(b), and 26 the use of flat surfaces
on the aileren did not 1mprove the wheel-force character-
lstice because, for thlig particular model, the effect of
the decrease in 3CyR/38, due to the flat surfaces was
nearly canceled Dby the effect of the decreamse in the neg-
ative value of ach/aa and by the fact that larger alleron
deflectlions were neceesary to attaln ths required value of
pb/zv. Greater modificatlonsg to the aileron profile were
more effective in reducing the wheel forces, the greatest
reduction resulting from the use of the 0.20c, bevel (figse.
25(a), 26(d), and 26). Using the 0.20c, bevel reduced the
maximum high~speed wheel force from about 150 pounds to
about 40 pounds. Thickening the aileron on only the top
gurfaece gave gome reduction in wheoel force. Tha uaso of
differentlal motion further rocduced the wheol forces of
the alleron with the 0.20c, bevel on the top surface, bring-
ing the maximum high~gpeed whesl force down to about 40
pounds.

The wheel forces of the origlnal alleron and of the
alleron with the 0.20cy bevel are ghown in filgure 27 for
the dynamic (steady-rolling) state and the static (no-rolling)
state. TFor the original alleron, rolling reduced the maxi-
mun wheel force by about 9 pounds becavse of the negative
value of ach/aa. The 9-pound reduction wag elmogt independ-
dent of .gspeed because the negative value of ach/aa increased
ag the angle of attack.increased. TFor the beveled alleron,
ach/aa vas positive for angles of attack of lees than B8° and
therefore produced posltive increments in the wheel forces at
the high- and medium-gpeed conditions. The 0.20c, bevel ail-

loron with the top seal wag the only aileron for which wheel
forces were estimated that was overbalanced for the static
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or no-roll gtate. It is not known what effect statlc over-~
balance will have on eirplane handling characteristics dut

an pnalyesis has indicated that, with the wheel free, there

may be gome oscillation of the allerons for positive values
of PCp/98, sgreater than about 0.001.

. The changes in 3C,/8a and 3Cp/da due to thickening
and  beveling the aileron will cause pome changes 1in airplane
stadbility charecteristics.

CONGCLUSIONS

- The results of the tests of the 0.20-chord aileron‘on
a tapered low-drag wing indicated that, for the arrangement
tegted, the following conclusiong may be made:-

. -1. Thickening and beveling the alleron trailing edge
would gubstartially reduce the high-gpeed control forceas.

. 2. Alr leakage across the Aileron nose tended to causse
overbalance of the beveled alleronsg 2t gmall deflections
and to reduce thelr rollling-moment effectlvenegsg. Thisg
losg 1in effectiveness wasg greater with the beveled aileron
than with the original cuso alleron.

3. The characteristics of beveled allerons were 1in
general agreement with the characteristics obtalned in pre-
vious wind-tunnei and flight tests. - A comparison of the
results of the present and previous tests indicated that
the included angle tetween the upper and lower surfaces at
the tralling edge 1s m convenlent baslis for correlatlon of
the hinge-~moment characteristics. The changes 1ln the slope
of the curves of hinge-moment and 11ft coefficient with re-
spect to angle of ettack (due to thickening and beveling
the ailleron) will causs some changes in msirplans stability
characterlsgtics. |

4. Thickening and beveling only one gurface of the
alleron gave less aerodynamic balance than thickening and
beveling both gurfaces and produced e large floatling tendency
that would allow advantageous use of & differential aileron
linkagé.
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b, Tab effectiveneas varled with aileron profile and

.in some cages-was unsatisfactory.

Langley lMiemorial Aeronautical Laboratory.,

4.

FHational Advisory Committee for Aercdnauticas,
Langley Fileld, Va.
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TABLE I

GEOMETRIC CHARACTERISTICS OF LOW-DRAG WING

AND 0.40-§CALE MODEL

¥ing Partial-

Wing area span Wing | Root | Tip dspect
wing span | ¢hord | chord | M.A.C. ratio
area

(sqg £t) [(8q ft) (in.)| (in.) |(in.) | (in.)
Full gize| 414 1l1l8.6 660 |128.00|(53.85 | 96.33 7.3
0n40"'
scale
model 66.24 18.98 264 51.20121.64 | 38.53 7.8
0040-
scale
model
partlal-
gean -------- 18-98 ______ 41-33 21-54 ——————— -‘ ----------
NACA NACA
irfoil
Alleron Aileron|dileron :eztgon :zzz:ii
Wing root-mean-|Alleron chord chord, at sta- |at gta-
square erea (one|inboard|outboard tion 110|tiom 308
chord alleron) hinge hinge (model (model
gtatlon,|station,
(in.) (sq 1n.) (1n.) (in.) 0) 79.2)
66,2~ 66,2-
Full gize 14. 44 2200 17.78 11.60 |2(13.718 a(i3.125)
0040—
scale -
model 5.78 352 7.11 4.64 | 56,2~ 66,2-
° 2(13.7164|2(13.125)
0-40"’
scale
model
partial- 66,2 66,2
span 5.78 352 7-11 4,64 » o= &
P 2(13,718|2(13.125)




NACA 15
TABLE II
CHARACTERISTICS OF SPRING TRIMMING SYSTEMS
Type of Theoretical | Practical ‘ Modulus of | Maximum
spring _ spring spring Type of elastlicity| allowable
systen efficienc efficienc stress (1b/sq in.) stress
(percentY (percenty (1b/sq 1in.)
Tension- 100 Unusable Tension- 30,000,000 130,000
compression compression
bar
Opposed 33.3 30,0 Bending 30,000,000 130,000
flat coll
(clock type)
Opposed 21.4 21.4 Bending . 50,000,000 130,000
torsion ’
(circular
wire,
p/4a = 10)2
Torsion bar 50.0 60.0 Shear 11,500,000 50,000
(circular)
Compression- 38.5 38,5 Shear 11,500,000 50,000
tension 3
{circular
wire,
D/d = }0)8
r— e —
) Total Spring Spring
welight Approximate |deflection | deflection]
Type of Number of |of active slze of from from
spring springs spring each spring neutral neutral
system required material (in.) at full due to
(1b) trim full wheel
movement
Tension- 1 0.32 mremcrenres |caccvcacea | meaa —em———
compression
bar *
1 o o
Opposed 2 4.29 16 x 1 steel 386 96.6
flat coll 16
(clock type) O0.D., 4.94
I.D., 2
Opposed 2 6.02 1/4 wire 692° 173.0°
torsion 0.D., 2.75
(circular Length, 6.90
wire, a
D/d = 10)
Torsion bar 1 1.87 Diam., S 56.8° 14.2°
{circular) 8
- Length, 53.3
Compression- 1 2.17 1/4 wire 5.4 in. 1.35 in.
tension 0.D., 2.75
{(circular Free length,
wire, . 11.7
D/d = 10)

aD, mean clameter of coll; 4, diameter

of wire.
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(2) 0.20cg, bevel top surface; cusp bottom surface; top seals
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(a) Cusp ailerons; top seal; 0.004c £aps; Samax = +12.6°.

Figure 27a, b.~ Bffect of rolling on the wheel~force characteristics of a
~high-speed airplane with a tapered low-drag wing.




WACA . Pig., 27

80
60 T
f: 0 Vi = 306 mph
' -~ Dynamic ' vy = 207 /
N ——— —— Static \
By ; /l
3 . —] /
o 20 // //‘l,/ h
— Vi =’139
P ,/4/ -—/——‘,_3:/—::;:'::’14 -7
r-g PR
J "/f/’/f;:j—'_/l
E Pt e o
-z 0 = I . » ,.,/ Vl = 20%
S I\ T
AN
AN
~20 AN
. \1{ 4 Full deflection
- _ ]
T~ /2 N
a0 ‘!\\ /
Il S e —
3/a
~EC
K BE .04 .06 .08 .10

pb/av
(b) 0.20c, bevel ailerons; top seal; 0.004¢ zaps; § = 1 18,2°,

Figure 27 .-~ Concluded.
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