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FLIGHT TESTS OF BEVELED- TRAILING-EDGE 

AILEROtTS 1HTH VARIOUS IviODIFI CATIONS 

ON A NORTH ANISRICAN XP - 5l AIRPLANE 

(AAF No . 41 - 38 ) 

By Maurice D. white and Herbert H. Hoover 

SUM ffARY 

Flight tests have been conducted on a North American 
XP-5l airplane with several arrangements of beveled­
trai l ing- edge ailerons to determine the most satisfac-
tory arrangement for use on this airnlane. The aileron 
control force and effectiveness characteristics were 

investigated for average bevel angles of 250 , 27~0, and 

320 , and for several arrangements of balancing tabs. 
The test program included, in addition, the determina­
tion of a suitable means for trilmmng the beveled­
trailing-edge ailerons. 

The results indicate that , as the bevel angles were 
increasA d abo ve 25 0 , the hinge - moment slopes were reduced 
at smal l cont r ol deflections , but were increased at 
large c ontrol deflections; as a result the variation of 
sti c k f orce with aileron deflection deviated progressively 
from the approximately linear relationship of the 250-
bevel-angle ailerons, particularly at high speeds. With 
a bevel angle of 320 the ailerons were overbalanced at 
indi c ated airsneeds above 20J miles .p er hour for aileron 
def l ections below about ±7°, 

The addition of sealed inset balancing tabs of chord 
equal to or greater than the bevel chord in3talled on 
the 25° - bevel - angle ailerons reduced the hing e moments 
without serious effect on the variations of stick force 
wi th aileron deflection . 1.~Ji th an arrangement of 
balancing tabs of chord equal to the bevel chord on the 
25°-bevel - angle ailerons , a value of pb/2V of 0.095 
was obtained at an indicated airspeed of 200 miles per 
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hour with full control deflection; with a 50- pound stick 
force , values of pb/2V of 0.086 and 0.041, respectively , 
were obtained &t indicated airspeeds of 280 and 400 
miles per hour. 

Adequate trimming effectiveness was obtained with 
a sealed inset taQ. ~iy.ed external tabs were less 
effective and increased the aileron operat i ng forces 
with the tabs eitber deflected or undeflected. 

During the investigation, it was found that such 
factors as misalinement of the ailerons, location of a n 
experimental airspeed boom on the wing ahead of an 
aileron, and other items tending to disturb the symme t r y 
of boundary-layer flow over the two ailerons caused 
excessive trin forces an0 differences in aileron 

, operating forces required for right and left rolls . 

INTRODUCTION 

The results of previous NACA flight tests of the 
XP - 51 airplane with beveled-trailing- edge ailerons having 
a trailing- edge ang le of 250 showed that , with this modi­
fication , a marked improvement in lateral cO::1.trol char ­
acteristics was obtained 8S a result of a large reduction 
in aileron hinge moments . At the same time, however , 
it was found that an unsealed inset tab of a size ~hich 
gave satisfactory trimminr effects with the original cusp 
ailerons was inadeq late for trimming the beveled- trailing­
edge ailerons . 

The present report gives the results of a more com­
plete fli~ht inves~igation to develop an arrangenen t of 
beveled- trailing - edr.e ailerons that would provide furthe r 
improvenent in the control characteristics of the P- 5 1 
airplane. 

Three bevel angles and several arrangements of 
balanc ing tabs were tested. The investigation also 
included tests to determine a suitable means for trimmi ng 
the beveled- trailing- edge controls. 



TEST ARRANGEYI.ITENTS 

The wing of the XP-51 airplane has a span of 37.03 
feet, an area of 235 . 75 square feet , and a taper ratio 
of O.J'5. The w:ng is of the low-drag tYLJe v'lith the 
T)oint of minimu.rn pres3ure at o . hc and with a cusped 
treiling' edge . The wing plan form is shown in fig ­
ure 1. 

In the course of the investigation , a large number 
o f modifications were tested . The flight conditions 
compri sing various combinations of these modifications 
are defined in tab l e Ii each fliGh t condition has been 
assigned a lette r a s a convenient means of identifica­
tion in presenting the test results . 

3 

The span of nll the aileron~ tested was 83.2.
6 

inches 
1 1 

and the chord tnpered from about 13 inches to 9-
~. 

inches; the average ratio of aileron chord to wing cho r d 
wa s about O.lg . 

Four aileron configurations , which have been de -
o 

sj7J.,·at'fl25° -, 27~ -, 32o - bevel-angle ailerons, and cusp 

ailerons were tested. The bevel angle is defined as 
the included angle at the trailing edge of he atlerons. 
As indicated in figure 2(a) , where the sections at the 
inboard and outboard ends of the ailerons are sho""n , the 
designation for two of the beveled- trailin3-edge ailerons 
refers to tge average bevel angle along the aile r on span. 

1 For the 27- - bevel - angle ailerons , the bevp,l angle was 
2 

unifor m alonc the s?an . The cusp ailerons , wi th which 
the airp l ane was origi nally equi~Ded , had concave sur ­
faces conforming to the normal airfoil sections of the 
wing; unsealed balancing tabs were used on these ailerons 
for all tests . SectIons of th...; cusp ailerons are shoVlT!1 
:!.n figure 2(b ). 

1 0 

The 27~ - and 32o - bevel - angle aile r 0ns were c on -

st r ucted by a t taching wood false ribs to the original 
eus::;:> ailerons ; an alumimm. covering was then fastened to 
the r ibs with wood screws and riveted tn the orieinal 
c ove r ing along the l eading edge (ref0rence 1) . The 
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25° - be v el- angl e ailerons were f abricated sllrlilC<.r~J to 
the original cusp ailerons , that is , 7Ji th aluminum alloy 
ribs and coverin7 (reference 2 ) . 

Some t ests we re made of the 32° - bevel - cngle aile::' on s 
to dete r mine the e ffects of sealing the nose gans of che 
aile ron~ . The sealing was ac omplished with doped 
fabric be t ween the trailing edge of the fixed portion o f 
t he v'ing and. the hinge axis of the aile ron . 

During the test ) ro ~ram the a vo.llable d efl ecti on 
r ange of the a ilerons WG.S hanged several times wi th 
r e sultant changes in t~e mechanical advan t age of the con -
trol system. The various relationships bet~een aileron 
deflection and stick- brip position used are sho"m in 
fi gure 3, and in tsble I the particular control system 
linkage used for each flig~t is listed. 

Two s ets of inset balancing t abs , which have b een 
designated norma l - ch ord and l arge - chord balancing tab s , 
were tested on the 2So -bevel - engle ailerons . The nOS E 
gaps of both sets of tabs vera sealed with doped fabric . 

The normal-chord tabs had .g·ooroz::'matel:r t he sa,11e 
p lan - form dimensions as the b alancing tabs on the ort g inal 

cusp ai l e rons . They were 2L!-t6 inchos in span (0 'i9 of 

the ail e ron span ) and we r e t apered in chord from LtIJ- inches 

to 3t inches (0 . 3Lt of the ai l eron chord) (f~_g8 . 1. and 4). 
These t ab s we r e t es t ed a t l~nkage r a t ios of 0 . 61 , 0.77 , 
and 0 .78, I lnkage ratio b eine; defined as th e r a tio of 
t ab deflection to a il e ron ~eflection . 

The large - chord tabs :aad t he sarne span as the n ormal ­
chord tabs , b ut we r e 1 inJh gr 0ater in chord (0 . 39 of 
the total aileron chord) , the add itional chord p rojecting 
behind the trail ing edges of t he aile ron s (f i g s . 1 , 4, 
and 5) . Thes e t abs were tested a t a linkage r a t io of 
0. 78 . 

During the tests of t he inset balancing tabs , the 
tab on the l e ft aileron was emp10yed both as a tr:i.mming 
tab and as a balancing t ab . Some tests were a l so made 
with a normal - chord nset tab installed only on the l eft 
ai l eron a s 3. trLlllning "Gab. 
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Tes t s were conducted with a set of fixed external 
tabs on the 320 -bevel - angle ailerons . These tabs, whi.ch 
consisted of flat sheets of metal installed on the 
inboard end of each aileron , were 12 inches in span 

and 1ft inche s in chord (fi g. I). VVhen the se tabs 'Vere 

deflected to balance an existing trim force , the tab on 
the left aileron was deflected up and the tab on the right 
aileron was deflected down . 

During the early tests of the investigation , it was 
found that rather large stick forces were required for 
lateral trim and that there were considerable differences 
in stic~ forces required for left and right rolls. 
Se ve r al po ssible causes of these conditions were investi ­
gated including aileron alinement and factors that migh t 
produce differences in the boundary layer over the two 
ai l erons . A description of the factors investigated 
follows : 

For some of the tests , an airspeed 
on a boom fastened to the lower surface 
ahead o f' the aileron (figs . 1 and 6). 
effect of this installation , tests were 
boom removed . 

head was mounted 
of the left wing 
To determine the 
made with the 

The first tests of the present series were made 
wi th regulation star insignia painted on the up~)er surfac e 
of the left wing and on the lower surface of the right 
wing (fig . 1); the edges of these insign i a were quite 
sharp and about 0 . 008 inch high . Later tests were 
made ~ith the edges of the two insignia sanded smooth , 
no chances being made to the remaining sur faces which 
we r e covered with camouflage paint . 

Some tests were made with spanwise s t ri~s fastened 
to the wing surfaces ahead of the aile r ons in an effor t 
to cause transition of the boundary layer at the same 
point on both left and right v'ings. These strips con­
sisted of lengths of double - thickness fabric doped to the 
wing surface (fig. 1 ) . On the lower surfaces , the stri ps 

1 
were located about 72 percent of the chord , measured 

along the surface , aft of the leading edge and were 0 . 0 1 8 
inch thick and I inch wide . On the upper surfaces 
the strips we r e located about 10 percent of the chord , 
measured along the sur face , ~lf t of the lead ng edge and 
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were 0 . 013 inch thick and ~ inch wide . The strips 

were always located symmetrically, either on the lower 
surfaces of both left and right wings , or 011 both the 
upper and lower surfaces of both left and right wings. 

For most of the tests of the various aileron e.rrange­
ments , the left aileron was out of alinement vertically 
with respect to the wing due to the location of the hlnge 
fittings in the wing (fig . 7) . To investigate the 
effect of this misalinement , tests were made with wooden 
wedges approximately half the aileron span in length, 

It inches wide , and tapered in height from ~ inch to a 

fea ther edge , located spanwise on the wing dire ctly ahe ad 
of the outboard halves of the ailerons to simulate or to 
fai r in the misalinement (fig . 1) . One wedge was 
installed on the lower surface of the right wing to 
simUlate the misalinement of the left ai leron; the othe r 
wedge was installed on the upper surface of the lef t to 
fair in the misalinement. For scv~ral of the tests wi th 

o 1 0 
the 25 - and 272 - be vel - angle ailerons the alinement was 

corre cted by lowering the outboard end of the aileron 

i4 inch, with the inboard end unchtmged (fig . 7) · The 

hinge axis remained unchaneed . 

TESTS 

The procedure used for the tests wa.s similar to that 
used in the tests of references 1 and 2; that is , records 
were o~tained of airspeed , aileron deflections , stick 
force , and rate of roll as the aileron con t rol was ab ­
ruptly deflected various amounts and held , the other 
controls betng held fixed . 

Standard NACA recording instruments were used . 
These inc luded a stick- force recorder , control - p os i tion 
recorders connected to both ailerons , and an airspeed 
recorder . The airspeed reco rder was connected to the 
NACA airspeed head when this was available; otherwise , 
it was connected to the ai rplane ai rspeed head . Flight 
calibrations ,ere obtained for both these heads. For 
several flights , noted in table II, an airspeed indicator 
was used instead of the recorder. 
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The majority of the tests wer0 made over a range of 
indicated airspeeds from about 110 miles per hour to 
about 300 mi10S per hour. With the cusp ailerons and 
for some tests of the ZSo-bevel-angle ailerons, the 
speed range waso extended to a"oout 4DO mile s per hour . 

Because the 27~. - and the 32o -bevel - angle ailerons were 

considerably heavier in weight than the origInal cusp 
ailerons and it was uncertain what effect this increased 
weight would have on the flutter characteristics of the 
wing, the tests of these ailerons were restricted to 
indicated airspeeds below aporoximately 300 miles per 
hour . The indicated airs?eeds of the tests of each of 
the arrangements listed in table I are given in table II . 

P.ESTJLTS AJD DISCUSSION 

The results of the tests are hown in figures 8 to 
Zq, the data being presented largely in the form of 
curves of aileron stick farce and the effectiveness 
parameter pb/ZV against change in total aileron 
deflection from trim for several indicated airspeeds. 
The parameter Db/2V is defined by 

p angular velocity in roll , radians per second 

b wing span , feet 

V true airspeed , feet per second 

The average indicated airspeed for each group of 
curves is indicated on the figures . 

Indicated airspeed , as used tbroughout this report , 

is defined as Vi = 0 . 68lfi: 

where 

Vi indicated airspeed , miles per hour 

q dynamic pressure , ?ounds per square foot 

Po sea-level density , slugs per cubic foot 
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The values obtained from this defini t ion dlffer 
somewhat from the values given i n references 1 and 2 
where indicated airspeed was d efi n ed as 

/

2q; 
Vi = 0.681 ___ J, qc being the impact pressure . 

\- Po 
To serve as a basi s for comparison , the r Gsul ts fo r 

condition P are rep e ate d in all the curves . Condition 
P represe nts the 25° - bevel - angle a ile rons with the air­
speed boom r emo ved. , the insigni a smoothed , and no transi ­
tion strips on the w1ng . 

A~l e ron Confi gurat i on 

The results of t es ts of vario us aileron arrangeme n t s 
i ntended to give imp roved stick- force and effectiveness 
chara cteris tics are shown i n figures 8 to 18 . 

Be vel angla. - Tn fi gur e s 8 and 9 the characteristics 
of th-e-32 T -=FE>nf--angle ailerons are shown . 'l'he data in 
figure 8 show th8.t these ailerons are un satisfa ctory 
b e c ause t he-y b ecowe overbalanced for small control de ­
flections 9.t no"C'mal fligh t speeds . 

The data shown in figure 10 afford a comp ari son of 
the sti ck-force che.racteristics of the 25 0 - and the 

27~0-bevel-angle ailerons . The results indicate that , 

in general, the ailerons h aTing the 250 bevel angle are 
the 1 0 

superior to those baJing/27'2 b eve l angle . The stick 

forc es f or the 2S o - b3vel-·angle ailerons are higher at 
small control defle c tions , but are~ on the average , equal 
to or lower at thG larger control deflection t han those 

" 0 
for the 2T~· -bevel - aTlgle ailerons. Also , the variation 
of st::'ck f 'jrce wj 6h ai:eron defl e ction is mOl'e nearly 
linear fort-he 2 5 - bevel - angle all e rOllE' tha n for the 

27~O - be"el-angle ai l e rons wi th the 00ntr·o l linl-<:age used . 

Great or sensiti v ity o f stick- force characteristics to 

changes in ail eron alinement for the 27~0 - b e vel - angl e 

ai l erons as comoRred ~!.1ith the 25°-be ve l - angle ailerons 
is indicated in figure 10 . 

A comparison of the data in figures 8 and 10 with 
9 and 11 i n dicate s that bevel - angle modifications that 
reduce the stick f orces also tend to reduce the effecti v e -
ness . As a con sequen ce the effectiveness of the 



32o- bevel - angle ailerons is less than that of the 25° 
1 0 

and the 272 -bevel - angle ailerons. 

9 

Sealed aileron nose gap s.- During the tests of the 
32 0 - bevel - angle ailerons, fEe effects of sealing the 
nose gaps of the ailerons we r e investigated . The re ­
sults presented in figur e 12 indicate that this modifi ­
cation effe c tively reduced , but did not entirely 
eliminate the overbalance noted at small control deflec ­
tions . Qualitati vely , this result is in agreement with 
wind- tunnel r esults (reference 3). 

The data in figure 13 indicate that the aileron ef ­
fectiveness , as defined by the slope of the curve of 
pb/2V against aileron deflection , is increased slightly 
by sealing the nose gaps of the ailerons . 

An interesting free - cont r ol oscillation of the 
ailerons was recorded at an indicated airspeed of ap p roxi ­
mately 320 miles per hour for the sealed- gap condition 
when the control stick was released . A time history of 
this oscillation showing aileron posLtion, airspeed, and 
rolling velocity is gi ven in figure 14. 

The pil o t was unable to induce similar oscillations 
at l ower speeds . 

Balancing tabs .- Previous tests having indicated the 
25° - bevel- angle contour to be the most satisfactory of 
the three contours tested, tests of sealed balancing tabs , 
designed to improve still further the stick-force char­
acteristics of these ailerons , were made only with the 
25° - bevel - angle ailerons . 

The stick-force characteristics of 25° - bevel - angle 
allerons with normal - chord tabs and large - chord tabs , 
each set operating at a linkage ratio of about 0.78 , are 
compared in fi gure 15 ; data are also g iven for the 
normal - chord tabs operating at a linkage ratio of 0.61. 
In these t ests , the tab was not used for trimming. With 
both tab-linkage ratios the normal-chord balancing tabs 
effected a marked reduction in stick forces DS cor'pared 
with the ailerons with no tabs. The magnitude of the 
hinge - moment reduction is even greater than would be 
indicated by a simple comparison of the stIck forces 
because , simultaneously with the installation of the 
balancing tabs , the deflection range of the ailerons 
was increased for the same stick travel, the reby re ­
ducing the mechanical advantage of the control s ys tem. 
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A further decrease in stick forces was accomplished 
by increasing the chord of the balancing tabs , the ad­
ditional chord projecting behind the aileron trailing 
edge . 

As shown in figure 16 , the effectiveness per unit 
control deflection was reduced by the addition of bal ­
ancing tabs , the average reduction being about the same 
for all tab arran~ements. An i tern of addi tional inte,rest 
shown in figure Ib is the tendency of the large - chord 
balancing t ab s to eliminate an asymmetry in effectiveness 
slopes between right and left rolls experienced wi th the 
normal-chord tabs. 

Effectiveness of principal modifications .- In order 
to provide a compari son of the improvement in charac ter ­
istics effected by the principal modif ications, data for 
the cusn ailerons and the 25° - bevel - angle ailerons wi th 
balancing tabs and the 25 ° -bevel - ang le ailerons without 
balancing tabs are tJ resented in figures 17, 18, and 19. 
The balancin6 tabs on both sets of ailerons were the 
size designated as normal-chord tabs . In figures 17 
and 18 , the stick- force and effectiveness characteristics 
are plotted against cor-trol deflection , and in figure 19 
the values of pb/2V obtainable with a 30 - pound stick 
force ffi1d a 50- pound stick force are shown plotted against 
indicat ed Birspeed for each installation. In some cases 
it wa~ necessary to extrapolate the data of figures 17 
and lL to full deflection or to 'a stick for:::.e of 50 pounds , 
as indicated by the dotted extensions to the curves , in 
order to permit construction of the curves of fi g,ure 19. 
It should be noted that the mechanical advantag e of the 
aileron contro l s y stem used in obtaining the data shown 
in these fi gures for the 25° - bevel - angle ailerons was 
greater than that used in obtaining the data of fig -
ures 15 and 16 with the result that lower stick forces 
were obtained for a gi ven condi tion . Inasmuch as 
known so urce s of di syrr-metry di scussed in a 1 ater s e c t ion 
of this reDort were e liminated , t~e causes of differences 
in stick- force characteristics between right and left 
rolls , evident in figure 17, are not known. 

The data of fiQure lq in~icate that , with beveled 
trai ling- edge ai lerons and normal - ohord bal ancing tabs , 
a value of pb/2V of about 0 . 095 was obtained at an 
indicated aIrspeed of 200 miles per hour with full con ­
trol deflection. 'Vi th a stick force of 50 pounds, 
values of pb/2V of 0 .086 and 0 . 0)+1 we re obtained at 
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indicated airspeeds of 280 and 400 miles per hour, respec ­
tively. These values represent increases in rate of 
roll of 100 percent at 280 miles per hour and 37 percent 
at 400 miles per hour over that obtained with the cusp 
aileron-balancing tab arrangement. 

Some minor differences are evident between the data 
for the cusp ailerons and the 25 0 - bevel-angle ailerons 
presented in this report and the data presented in ref­
erences 1 and 2 . This is probably due to the fact that , 
because of manufacturin~ irregularities , neither of the 
sets of ailerons tested here was identical with those 
previously tested. 

Trimming Tabs 

Several arrangements of tabs were investigated to 
determine a suitable means for trimming the beveled 
trailing- edge ailerons . The results of these tests are 
indicated in figures 20 through 23. 

Inset tabs . - In fi€ure 20 the trim-force variation 
with airspeed for several deflections of a normal-chord 
tab is shown . Vith a sealed inset tab installed on the 
left aileron only (fig . 20(c)) , substantial changes in 
trim force were obtained by deflecting the tab . The 
available tab deflection range of ±7° was insufficient , 
however, to trim out the forces caused by the installation 
of an NACA airspeed ~OOM on one wing . 

With sealed inset balancing tabs on both ailerons, 
and with wing conditions sYMMetrical except for the 
misalinement of the left aileron , the tab on the left 
aileron provided complete trim as indicated in figure 20 (b) . 

An observation pertinent to the present discussion 
was made when a very pebbly coating of paint was inad­
vertently applied on the upper surface of the right wing . 
It was found that , all other conditions corresponding to 
those of figure 20(b) , a tab deflection of approximately 
8 0 was then required for trinl . This result is of 
interest as an indication of the trimming tab deflection 
range that should be provided with the beveled trailing­
edge ailerons . 

As a matter of interest , data from reference 2, 
showing the relative characteristics of completely 
sealed and imperfectly sealed tabs , are sho',vn in fig ­
ure 20(a ). These data indicate that the imperfectly 
sealed tab itself introduces asymmetry such that 
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ap~roximately 7° of deflection is required of the tab to 
trim out its own effect . 

The actual trimning effectlveness v:as not jnvesti ­
gated for the sealed l arge - chord tabs, but the eata for 
these taos in figure 15 indicate th,.;ir effectiveness 8S 

a trim tab would be about the same as that of the normal ­
chor.d tabs . 

In connection with the use of deflected inset tabs 
for trim , the stick-force characteristics in rolls are 
of interest. As shown by t~e data for 201 miles per 
hour in figure 22 and in reference 2 , deflecting an inset 
tab increases the stick fOl'ces in rolls t o one side and 
reduces the stick forces in rolls to the other side . 
The d~. rection of t:le effect co-rresponds to a persistence 
of the trim-force change , but the mafsni tude of the force 
change appears to increase with in')reasing aileron de ­
flection . This behavior is in agreement with v/ind ­
tunnel dat8 (reference 3) . 

Fixed external tabs.- The results sho 7n in figure 21 
for tests of fixed external tabs on the 32o - bevel - ancle 
ailerons ~ndicate that some trimming effect can be obtaineJ 
with the fixed externnl tabs . Their practical value is , 
however , diminished by the fact that, either deflected 
or undeflected, these tabs caUSb a cons:derable increase 
in s tick force in rolls (fig . 22). These results are 
in agreement wi th wL1d-tuo:1nel data (reference 3) . 

The aileron effectiveness data in figure 23 inGicate 
no difference in effectiveness characteristics to be 
caused by r,he fixed extern&l tabs . 

Factors Affecting Symmetry of 

Aileron Characterist i cs 

Beference to the test results previously discussed 
indicates that excessive trim f')rces and a difference 
between the stick forces required in right and ~eft rol l 
existed . In order to determine and eliminate the c ause 
of these variations , the effects of $everal factors which 
included the NACA a r8peed boom, the wing insignia , 
transition strips fastened to the l~ading edge of the 
~ing surface, and vertical alinement of the r ileron were 
investigated. Results of tests of t.hese items are shown 
ir.. figures 10 and 11 and 2L. through 2'0. 
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Trim forces.- All the factors investiGated ha~ 
some effect 0,;1 the asymmetric forces experienced. The 
principal source of the excesslve tri~ forces, however , 
was the NACA airspeed boom as shown in fibure 2h. The 
transition strips wnjch were always installed s-ylnmetri ­
cally reduced slightl-y the trim forces caused by the 
airspeed boom. Figure 28 shows the effect of the rough­
ness caused by the wing insignia on the trim force. The 
rough edges of the wing insignia tended to counteract 
the effects of the boom as shown by the fact that 
smoothing the edges of the insignia increased the forces 
required for trim with the airspeed boom in place . These 
insignia , it will be noted , were located unsymmetrically , 
one of the instgnia being all the wing surface opposite 
that to which the airspeed boom was attached. 

Figure 10 shows that the effect of ailer'on 
realinement on trim forces V'Jas rather large , particularly 

1 0 

wi th the 27- - bevel - angle ailerons. I'hi s trim-force 
2 

change is in quali tat! ve acireement wi th the effects of 
cover- plate realinement indicated in reference 3. The 
pilot's observations of the effects of alinement change s 
simulated by wedges indicated that these modifications 
were r elatively ineffective as corn?ared with actual re­
alinement of the aileron . 

Symmetry of forces in rolls . - As regards the 
asymmetry or-force variations inJrolls , the data in fig ­
ures 2u and 23 inc.icate that the effects prod.uced by the 
ai rspeed boom and wing insj gni a are , wi th the exceptions 
noted, consistent and explainable on the basis of pre­
mature separation over the aileron bulge , caused by the 
boom or the insignia . In rolls in the direction of the 
trim- force change (that is, In ri o ht rolls where the 
modif1cation re-luired more right trim force) the for~es 
obtained with and without the modification approached 
each other at large control deflections . In rolls to 
the opposi te direction , the difference in t rim force was 
maintained at all control deflections. Exceptions to 
this behavior were noted in left rolls at moderate 
speeds between the conditions of rough and smooth wing 
insigni a. 

Transi tion strips installed sy.rnmetrically , in 
general , reduc ed the fo r ces in rolls for both the 25 0 -

1 0 
and t he 272 - bevel - angle ailerons (figs . 2h and 26). 



Transition strips on only the lower surfaces gave about 
the same effec t as strips on both u')')er and lower sur­
faces (fig . 24) . 

The effects of aileron misalinement on forc~s 
in rolls 'ere different for t:1.e two aileron arran,:",ements 
tested . Wi th the 25° - bevel - angle ailerons, the difftr­
ence in trlnl force was maintained at all control de-

10 
flections, while v:ith the 27"2 - bevel - angle ailerons , the 

forces in rolls to both directions were less for the re ­
alined ailerons than they had been for the original aline ­
ment at large deflectIons . 

Effectiveness .- As shown in figures 11 , 25 , 27 , 
and 29 the varlous modifications discussed in this 
section of the report resulted in differences in effec ­
tiveness characteristics that were consistent with the 
stick- force changes; that is , lower effecti veness was 
generally associated ld th lower stick forces. 

CJNCT.JUSIONS 

The results of flight tests of beveled trailing­
edge ailerons with vRrious ~odifications on a North 
American XP - 5l airplane may be summarized as follows: 

1 . The 25° - bevel - angle ailerons gave a large re ­
duction in hinge moments as compared to the original 
cusp aileron - balancing tab arrangement, and gave an 
approximately linear variation of stick force ./i th 
aileron deflection for the control l:nkage used. In­
creasing the bevel angle above 250 caused greater re ­
ductions in hinge - moment slopes at small deflections , 
but increased the hinge - moment slopes at large deflec ­
tions, so that the variation of sticl{ force wi th aileron 
deflection departed i~creasingly from a linear relation­
ship , particularly at high s~eeds . With a bevel angle 
of 32 0 , the ailerons were overbalanced at indicated air ­
speeds above 200 miles per hour .:'or ai leron deflec tions 
below about 2:-7°. 

2. Further reductions in hinge moments were 
obtained with sealed inset balalcing tabs of chord 
equal to or larger than the bevel chord installed on 
the 25° - bevel - angle ailerons . 
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3. The 25° -be ve1- ang1e ailerons with sealed inse t 
balancing tabs of span equal to 0.2g of the aileron span 
and chord equal to the bevel chord , ge ared to a l in~age 
ratio of 0 .78 to 1, gave a value of pb/2V of 0 .095 for 
full control deflection at an lndlcated a~rspeed of 200 
mi l es per hour; with a 50 - pound stic~ force , values of 
pb/2V of 0 . 006 and O. oul vIe re obtained at indicated 
airspeeds of 280 and 400 M~ lBs ~e r ~o'ITJ respectively. 
These values re~resent increases in rate of roll of 100 
pe rcent and 37 percmt at 280 and 1+'00 miles per hour, 
respectively, as compared with the original cusp ailerons 
with balancing tabs. 

h. A sealed inset tab gave adequate trimming effect 
and appears tobe 8 satisfactory device for trimming beveled­
trail ing- edge controls. F'ixed external t rimming tabs 
were l ess effecti ve and increased the stick forces h1 
rolls whether the tabs were deflected or undeflec t ed . 

5. An asymmetry in stick- for:::e characteristics for 
the beveled-trailing-edge ailerons , evidenced as excessi ve 
trim forces and as differences betwe611 the sticl~ forces 
required in right and left rolls, was found to be due to 
several fact0rs. These factors included misalinemei1t 
of the ailerons, location of an experimental airspeed 
bo om on the wing ahead of an aileron , end other items 
tending to di s turb the syrnme try of boundar~{-l ayel~ flow 
over the two ailerons . 

Langley ~/femorial Aeronautical Laboratory , 
:National Advisory Committee for Aeronautics, 

Langle: Field , Va., December 7, loL3 . 
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Piau" lUlII\!»er Condition Bevel AHeron Tab 
angle gap 
deg 

8
1
9,22,2, A ~ Open None 

12, ~21,22,2' B ~ Open Fixed tab on each aileron 
1, C ~ Sealed Fixed tab on each aileron 

u,h,~ 0 ~ Sealed Fixed tab on each alleron 
12,1,,21, ,2, B 52 Open Pixed tab on each aileron 

20,22,2, F 25 Open Inset trim tab on lert 
aHeron 

G 25 Open Inset t rim tab on Ie rt 
alleron 

H 25 Open Inset trim tab on lert 
aileron 

2e,~ I nt Open None 
24.~, ,a9 J Open None 

,25 ][ Open None 

24,25' L 2H Open None 

24.25 II 27* Open None 

24.25 N 27i Open None 

1OAll,~,25 0 27i Open None 
to 9 p 25 Open None 

10,11 ~ 25 Open None 

2H 10 11 R Open None 
15.ib.20 S 25 Open iBalancing t .. b on eaoh 

aileron 
15,16 T 25 Open Balancing tab on each 

aileron 
17,18,19 U Cueped Open iBalancing tab on each 

aileron 
15,16 V 25 Open ~arge chord balancing tab 

on each alle ro n 
2'.17 '" 25 Open ~lancing tab on each 

alleron 

17,18.19,26,27 X 25 Open !Balancing tab on each 
aHeron 

TABLE I 

SUMMARY OF FLIGHT TEST CONDITIONS 

Tab T .. b nng surrace oond1tion .. 
gap angle, 

deg Insignia Transition strips 

None None 1I0ugh None 
Sealed 0 \lough None 
Sealed 0 Rough None 
Sealed ± 7.i \lough 

., 
None 

Sealed + 7t Rough None 
Sealed Varia Ie Rough None 

Sealed Variable Rough None 

Sealed Variable Rough None 

/fone None Rough None 
1I0ne None Smooth None 
lIone None Smooth Stripe ahead or both ail-

erona on lower eurface 
Iione None Smooth Stripe ahead or both ail-

erona on upper and 
lower surfaces 

None None Smooth Stripe ahead or both ail-
erone on upper and 
lower surtaces 

None None Smooth Stripe ahead ot' both ail-
orona on lower surface 

None None Smooth None 
None None Smooth None 
None None Smooth None 

None None Smooth None 
Sealed Linlcage 

ratio 0.61. 
Smooth None 

Sealed Linlcage Smooth None 
ratio 0.77 

Open Linlc~~ Smooth None 
ratio 

Sealed Linlcage Smooth None 
ratio 0.78 

~ealed ~inkage Smooth Stripe ahead or both ail-
ratio 0.'/8 erone on upper and 

lower surfaces 
Sealed In1cage Smooth None 

ratio 0.18 

Airspeed 
boom 

On 
On 
On 
On 
On 
On 

On 

On 

On 
On 
On 

On 

orr 

orr 

orr 
orr 
orr 

'Orr 
orr 

orr 

orr 

orr 

orr 

orr 

L-550 

Con*ro1 
t,l nkA6e Aileron Aligmnent 

(see 

t'i{fure " 

Original II 
Original n 
Original II 
Original II 
Original II 
Original II 

l'edge ahead or right an- I! 
eran. 

wedges ahead or both 111.1- II 
erans 

Original I! 
Original II 
Original II 

Original I::: 

Original II 

Original I1 

Original 11 
Original II 

Lert aileron realigned 
(.ee figure 7) 

II 

Lert aileron realigned II 
Original. III 

Original. III 

Original. I 

Original III 

Original. IV 

Original IV 
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TABLB Ir 
SUlO!A1IY OP VEIlAGE TEST AI1ISPBBDS 

Condi tion Average Indicated aIrspeeds, miles per hour 

Vi :: 0.681\1'!9. 
. Po 

A 107 15~ 200 251 

B 117 15~ 202 2:51 2.96 
C 116 157 204 252. 2.96 

D 115 154 204 l50 296 

B U5 15~ 202 250 297 

F 202 251 298 

I 114- 15' 201 250 297 

1 115 1.5~ 206 252 294-

K 109 1.49 198 2.48 294-

fii 112 152 202. 250 297 
III 1. 112 152 202 250 296 

11 1. 112 152 202 250 296 

o 1. 112 152 202 250 296 

p 11, 151 201 249 299 

Q 115 151 202 2.49 298 

B 11~ 151 202 249 2.99 

s 112 151 201 249 300 34} ~2 4,-r 
'1' 114 150 201 2.50 300 344 394 438 

u 114 149 202- 249 301 345 ~4 4,s 
V 11~ 149 202 248 2.9' 
:.II 112 150 200 244- 295 346 385 4~' -
X 196 245 30~ ~ ~9 430 

. 

1. AIr8peeds tor con41 tiona 11, H, and 0 were obtaIned t'l"Olil re$\4.ing~ 
ot pi l ot's IndIcator Instead of recorder. 
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Larqe chord 
NormaL chord 
~ 

Bolance and Trim 
Tab 

Figure J -XP-5/ wing showing modifications 
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Figure 20. - End sections o f beveled traiLlng- edqe 
oderons . XP-5/ oirp{one. 
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F/qureZb.-£nd Jec//onJ of ClISp olleron:5. XP-5/ 
airplane. 
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~ I =:::t -r/'""Cloth SeQL L(/Iye Chord 

-----------------

/vormaL Chord 

fZqure 4 - 5ectLon5 of sealed inset balancing tabs on 25~ 
bevel-angLe Qilerons. North American XP-5! otrptone 





Figure 5. - Views of large-chord balancing tabs on 25° bevel-angle 
ailerons. North American XP-51 airplane. 
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-Figure 6. - View of NACA airspeed boom mounted on left wing of 
North American XP-51 airplane. 
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