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MEPORANDUN REPORT

for
o . Army Air Forces _
| PLIGHT TESTS OF-NODIFICATICNS TO ir@ﬁPRovE
. THE ATLERON. GONTROL CL{ARACLFRISTICQ “
(OF, A NORTH ANERICAN XP-51 ATRPLANE
(A.C. FO. 41:38)

By M. .D. White -and Herbert H. Hoover
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- Tn'an’ attempt fézimprove the aileron control gharadter;
istics of the XP-51 airplane, tﬁe deflection range was
increased 70 percent to increase the efféétiveness and the
original concavevsection was qhanged to a thick section
with beveléd“trailing'edgé to.ﬁrévide increased aerodynamic
balance. I | ' |

fThe*éffécts;of the ﬁodifications,were determineduin
flight by means of NACA recordlhg 1ngtruﬂents, the data
. obtained belnfr in gultable form for dlrect comparison ‘with
those for the orlglnal allgrpns (referenqe.l),

| Thé'feéulfsvshbw fhat the modified aileronS'broduced

a valﬁe>of3 pb/2V of ébout 0.084ﬂwith full stick deflection.
This' value represents an 1ncrease in effectiveness over

the original alleron Lnstallatlon of about 70 percent at

low speed and about 55 percent at high speeds.
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At high speeds, the rate of roll for a 30-pound stick
force was incfeased by about 20 percent.

Additional tests of the modified ailerons at diving
speeds are considered desirable to invesgtigate poasible
effecté of compréssibility but should be made with new
ailerons cf lighter constrﬁction ﬁhan'thosgjusedfin”the:
present tests. | .

‘The effect of the aileron modification on the airplane

drag 1is now belng investigated.
INTRODUCTION

Previous tests of a North American XP—51,airp1aﬁe’3

(A.C. No. 41-38) conducted by the NACL at Langley Field had

indica%ed the desirability of improving the aileron control
characteristics (reference 1).

At the request: of the Army Air Forces; the NACA under-—
took to improve the aiierpns so as to obtain greatér éffev~
tiveness without increasing the stick forces, This report
presents the results of teésts of the modified éilerons in'
‘WhiQh iﬁcreaéed effectiveness wes obtained by increasing the
deflection range and improved balancing\was achiéved(by '

modifying the aileron profile.
ATTERON MODIFTCATIONS
The aileron system of the XP-51 airplane was modified

in two respects simultaneously.
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'FirSt,-the-aile;%ﬁﬁtravel vas increased from the previous
range of £10° to a fénge of 17.5° up and 16.5° dowm on the
left aileron and 16.5° up and 17.5° down on the right aileron,
Tﬁe control linkage was altered so thet the stick movement
remained substantially unchanged. | )

| *Tﬁefether modification was a chenge in aileron section
‘from the original. slightly concave surfaces to a beveled
" trailing-edgs contour (figs. 1 and.2). In figure 2, the
'oraihafee*fbr'the'modified section are tabulated. Inter-
mediate'sebtibns'were‘determined by connecting corresponding

The modified ailerons were constructed by fastening
'"1724{ndh wide mahogany ribs to the surface of the original
ailercns at esch rib station. A single aluminum sheet was
then bent around the ribs, fastened to ‘them wifh_wood

screwé,:end'riveted to the original surface along the
‘.1eaaihg-edgei

| TESTS, RESULTS, AND DISCUSSION

Thevpfocedﬁrevﬁeed in-the'ﬁresent tests'Was'the same

asAthat used to obtawn the results glven in reference 1,
Standerd NACA recordlng instruments were used to obtain
records as the pllot ebruptly applied aileron control from
leterally level fllght at various airepeeds (rudder held

flxed at each trim p081tion)
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_ For evaluating the aileron effectiveness; the helix

angle, pb/2V, in which p is rolling velocity in radians per

. second, b. is span in feet, and V is true airspeed in feet

per second, has been used as the criterion (reference 2).
The results obtained are presented-in figure 3.-

Flgurv 3 .shovs the variation of control. force and

'pb/EV with control surface deflectlon at various speeds for

the modified ailerons., By comparison with the results ob-
tained fbr the original ailerons, which are reproduced in
figure 4 it will be seen thet, for a given surfece deflec—
tion, the hinge moments are, on the average, reduced by
about 59 percent of the original values.

. Compared on the basis of equal effectiﬁeness or pb/2V
for the high-speed condition, however, ‘the hinge moments’
are reduced;by about. 51 percent of the original value,. -

This difference is due to a decrease in effectiveness: per .

. unit control deflection of about 15 percent suffered .with

the modﬁfied ailerons in thp low angle—of—attack range.

The Varlation of pb/2V with control deflection remained
constant at all speeds tested for the modifled ailerons.
Thls 1s in oontrast with results obtalned with the orlglnal
allerons whlch showed a greater pb/2V at high speeds than at
low sneeds for a given deflectlon

In addltlon the 1oss in avallable control deflectlon

attributed to flexibility in the control system with the
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original ailerons appears to be less wifh the modified
ailerons; ‘
Figure 5 was constructed from the data of figures 3
and 4 to show the variation of'pb/ev and roliing velocity
wvith indicated"eirspeed. For ébmparison, the aileron
chavacteristics of the P40 aifplane are included.
The curves shown represent the rolling response for

full stick deflection and for a- 30—pound stick force

. this. ve]ue being reasonable-upper limit for pursuit

1airplanes.

.. . At indipated airspeeds upfﬁofabout42od miles per hour’

full deflection of the stick gave values of pb/2V of 0.084;
',,gthispyalue is about 70 percent higher than equivalenf values
..for the eriginal eiierons stzlowfspeedsjand about 55 percent

higher at high speeds. At speeds higher- than 200 miles per

. hour the stick force limitation results in a decrease in

values of pb/2V so that et ‘thé ‘highest - test speed the im—

.provement in effectlveness over the. orivlnal ailerons for
LA 30~pound stick force is about 20 percent, A compnrison
“of forces and resnonse for full stick deflectlon at high

‘7 speeds indicates a, usable additional effectiveness available

w1th the modified ailerons if 1erger forces could be toler—

'ated’ for the original ailerons on the other hand, full

" control was restricted largely by deflection.



j  As a result.of this improvement the alleron charac—
| }ﬁ;tenfstieé of the airplane are nearly'sufficient to meet the
~requirement suggested invrefenenceIS; thet is, that a value
| .ofepbfdv'of 0.07 be obtained at 0.8 of the maximum indicated
.“_ level—fllght alrsneed with a stick force of 30 pounds, The
fonce requlred gxceeds thls amount by about 6 pounds,
. The orlglnal tests of the modifled ailerons were made

S withe tufts on the upper surface of the-entire wing, To

‘.;hdetermlne whether_the balance characteristics of the modified
.eilerensfwefe sensitive to changee of boundary-—layer char-—
acteristics, the tests were repeated for the following wing-—

. surfaCe cond*t10ns~- ' ,
‘“ﬁi.ﬂ Clean wing —vtufts ‘removed.

- StPWp located spanwise along upper and Jower
surfaces of WLng ahead of the ailerons ot
10—percent wing chord to’produce transition
~in the boundarylayer. Strip, dimensions
were 0,013 inch hlgh by 1/4% inch wide.

3, Strip 1ocated snanwise on ‘upper nnd lower
Surface of zilerons &4t beginning of bevel
to simulate lap joint in . the covering,
Strip dimensions were 0. 01 1nch high by
l inch wide, .

- None" of these modiflcatlons tested independently had .
any measurable effect on the alleron chwracter+sticu.
’ It iy anticipated that- the modﬂfied ailerons may heve
“tsone effect ‘on. the Wing draf Tests to determine the magni—

o tude of the" effect are under~way.
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It should be noted too thet, as shown in figure 1(b),

a Laler la"ge gap existed between the alleron end the v1ng.
Unpublished wind—tunnel data indicate that a gap is con—
ducive of overbalancing of the ailerons at low defleetions::
No evidence of this efféct was cbserved in any of the
résilts for the cruising condition; a slight evidenqe of
‘overbalance Wwes noted in the deta for the ofiginal ailefene"
iﬁ:the 15nding'conai+*bn but ths amcunt was so small as

to be obscured by frlctlon and vas not observed by the

-Dllot

CONC LUDING REMARKS

The results presented in the fo egoing report indwoate‘
that within the limits tested beveled trallsng edees offer
ten effective mesns for reduc1ng alleron control forces.t
Although the moawp ied verolon of the XP—51 ailerons tested '
did not qu¢te fulfill suggeste@ requlremento,'the 1m0rove—
ment in aileron control achieved vas very marked, particu~
lafly at low speecds and in the usdalvmaneuvefihg_rahgé.

The necessity for attempting further reduction of the

hinge momsnts is someﬁhat,questionable since the deficiency
in aileron perfcrmarce 1s so slight, It is possible
tﬂat’incfeased Bluntness of the trailing edge could be?
employed to further lighten the ailerons, if Qesired,

but the,tossibility of overbalance at small deflections
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1ndlcates +he nece581ty for caution in applying such a

moalflcatﬂont The Dossiol11ty of encounterlng trouble

“at very h*vh speeds mlght also be grﬂater if the bluntness

vere wncreasea,

Tests qt very hlgﬁ speeds were not- attempted in the
preSent case because of doubt"ebout’the effect the increased
wveight of the atlerons mloht have on the crltlcal flutter
speed &nd lack of knowledbe of the strength of the aLWerons

and wing as regards abrupt sileron deflections at high speeds.

Since there appeers to be a possibility of some critical

_change in flow over the beveled trailing edges at high speeds,

tests at high speeds should be made with ailerons of normal
weight.

The poSsibilitﬁ that the beveled trailing edges increase
the wing drag by:.an appreciable amount must, also be borne in

Syt~

mind, Flight tests .are now being made to determine the

-magnitude of this effect,

»Langley Memnvipl Aeroﬂgutlcel Lahorato“y,

Naticral Advisory Comnittes, for. Aeronautics,
Lzngley Field, Vu., Juise 20, 1942.
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Figure la.- End view of beveled trailing-edge aileron showing modified
and original section contours and method of construction.

Figure 1b.- View of right aileron from behind and above showing gap
between aileron and main part of wing.
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7.0{ 1.19 |-1.21 5¢| .73{-7%5
g.ol| 111 |—1./4 s8f 7/|-.73
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8.¢| 107 |-109 64| 64|j—.65
’ 88| 104 |—-/06 6.6 .60|-.60
90| Lo0|-102 70 .52|-.52
9.2 0.97|-098 80| .3/|-.32
9.4 .72~ 92 go| J2{-./2
o.o0| .78 |- 78 9.24{ -06|—.06
/0] .54 |~.53 1 9.39 (%) (@]
/2.0| .30 |-.30
/3.0) .06 |--%6
/3.06] © o

/. HReferernce - f//}rye Pornt
2. Aeference - Center Line NATIONAL ADVISORY
' ‘ ' COMMITTEF FOR AFRONAUTICS

. 0 r[g(zz’a [ section Section of modified aileron
- Hinge PD/W ‘
—_ e ¢ =

Chord line of _/

airfoil section

Rib at outboard end

 Figure2.- Sections of original and modified ailerons and ordinates
fo\r modifred arlerons, XP-5/ airplare.
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