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RESUME OF DATA FOR INTERNALLY BALAWCED AILERONS

By F. M. Rogallo and John G. Lowry
SUMMARY

The available test results of internally balanced
ailerons "have been correlated and summarized herein,
Although several variables have yet to- be investigated,
the results presented will be useful in the preliminary
design of internally balanced ailerons and in the deter-
mination of the most promlslng mOdlflCdtlonS to unsatis-
factory allerons.

INTRODUCT IOW

In conjunction with the investigation being conducted
by the NACA of various types of balancing device for aile-
rons, a considerable amount of development work has been
done on internal balances. These balancing devices, en-
closed within the wings or fuselage, are essentially a
piston, a diaphram, or bellows attached to the aileron
directly or through a linkage. The device is vented at
the surface of the airplane at two locations that have a
pressure difference which, when applied across the movable
portion of the balancing device, will tend to counteract
the hinge moment of the unbalanced aileron.

Enclosed or internal balances are of two general
types. In the most commonly investigated type, the bal-
.ancing surface is attached rigidly or linked to the aile-
ron in such a manner that its angular or linear travel is
directly proportional to the aileron deflection; the vents
are so loceted that the balance-actuating pressure varies
with aileron deflection and with angle of 2ttack in approxi-
mately the same manner as does the hinge moment of tane un-
balanced aileron, In the other type of internal balance,
the variation of balancing moment with aileron deflection
is obtained by varying the mechanical advantage of the
balance relztive to the aileron in the same manner as the
hinge moment varies; the actuating pressure is essentially
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proportional to the free-stream dynamic pressure and is
independent of aileron deflection,

The purpose of the present paper is to describe the

rigidly attached or constant~leverage type of internal
balance and to .summarigze bdbriefly its characteristics on
wings of verious plan forms. The data used in preparing

this

résumé include wind-tunnel investigations made by the

NACA &nd in England and flight tests of two asirplanes tested
by the HACA, one of which was a modern high-speed airplane.
The data were obtained from references 1 to 7, from pre-
viously circuvlated: restricted data obta 1ned4for the Army

Air Forces, Materiel Command, and from unpublished British

and

NACA data. All the available finite-span data were

included in the study and some section data were included

-t 0 show

the effects of varkables. not covered by the finite-

span data.

No mention of rolling effectiveness is made in this

résumé because the balanced aileron has the same effective-

ness as

the plain unbalanced aileron, The addition of the

balance neither increases nor decreases the effectiveness
of the aileron in producing rolling moments.

of
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PARAMAETERS AWD SYMBOLS:

The parameters and symbols used in the presentation
the data are:

aileron blnce -moment coe;flclent (H/qcagba)

hinge moment of aileron ubout hinge axis; positive
when moment tends to ‘move aileron trailing edge
dovnwwrd
¢ B . . .
ailerbn chord, thzt'is, distance from hinge axis
~ to trailihg edge

root-mean~square of aileron chord
aileron swan

airfcil chord

balance chord, that is, distance from hingeaxis

to center of seal

-



AN

t
on. = (B
18 \88 /oC
ACh Chs
Cn,, 3ChY)
aa/ o)
ACy Cha
o
8
q
P
Py
Py
/3P
by - (220
as /a -
Sa
St
Sy
In the
reguired,
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twice nose radius of unbalaanced aileron

of balanced aileron = Cpg- of unbalanced aileron

of balanced aileron - Cp, of unbalanced aileron

angle of attack of airfoil

deflection of:ailérop; positive when trailing
edge is deflected downward

. ' 1
free-stream dynamic pressure (?pVaj

resultant pressure éoeff;Cfent <:l_:—£3>
. . .- R q

static pressure at point on upper surface
of airfoil - : :

static pressure at corresponding point on
lower surface of airfoil

area of 2ileron.behind hinge axis
area of leak zcross seal

area of vent .
BALAGCE REQUIRED

guantitative analysis of the amount of balance

data obtazined for the following geometric con-

studied:



(1) The balance arrangements .were similar to
those shown in figure 1. :

(2) The seal on the balancing surface was complete;
that is, there was no leakage across the seal.

(3) m™he cover plates extended as far rearward as
practicable.

(4) The cover plates were of airfoil contour.

The effects of dev1at10ns from these condltlons will be
discussed later.

The important dimensions and parameters of the avail-
able three-dimensional data (references 1 to 3 and un-
publlsned British and WACA data) are given in table I
with the plan forms of the test wings. * The tabulated
values of ChOL and 0-8 are the slopes for small aileron

deflections, about +5°, at 1ift coefficients corresponding
to the cruising or high-speed conditions. The variation
of Cb with balance chord in percentage of aileron chord
is 51vun in figure 2. ©From these data, it appears that to
reduce Ch& to zero required a balance chord between 45

and 57 percent of the aileron chord, dependiang on the

geometry of the arrangement. The range of balance per-

centage indicated for any other value of Ch8 is equally
N 2

large, 1In order to determine more closely the effects of
the internal balance upon the hinge-moment characteristics,
incremental slopes ACnhg and Acha calculated from the

values of table I were plotted as functions of the area
moment oY the balance and of the aileron chord. Functions
that were found to represent the available data reasonabdly
well (figs. 3 and 4) were

ACyh = 0.363, ‘ (1)

and

i

where



Bi = ———% (cu/e) L ()
a

and
LBa = ——t (eyfe) (4)

When Ch5 for a parﬁicﬁlar insfallation is not known, an

approximate value may be determined from the curve of fig-
ure 5. " The data of figure .5 are from tests of both con-
ventiondl and low-drag airfoils. The -available data did
not appear to justify construction of a corresponding curve
for Ch The quantity Cha' however is 'very important

.,and, for low-drag wings in partlcular, must: be taken into
. account in the computation of control forces..

' The alleron deflectlor range over wnlch the values
of 'CHB and ACh’s were relatively constant was in general

20° or 259, 'as determined from wind-tunnel tests at rela-
tively low scale., (See table I.) Outside this range, the
value of C(Cps - increased negatively because the pressure
difference at the wvents Tailed to increase linearly. At
full scalc, the linear range of “Ps and ACHS is expected

to be lwrger than the range observed in. the w1nd tunnol
VENT LOCATION

. Variation of tne cnordulse location of the vents
(fig. 1) has a large effect on. the A“ * and Ach of

a sealed 1nternal balance with plven alleron and ba‘ance
chords. When the vents are moved forward f”om the hinge
line, ACnCL increases and AGh8 decreases, as is dis-

cussed in détail in reference 4, - The - relative effective-
ness as indicated by. balancing PG/PS ax of a balance

with three locations of the cover- plate trailing edges 1is
taken .from unpublished British data and is shown in figure



- thirds the variation of the peak pressure P;

6 with a curve of the external PS/PSmax' Values of

P5/P5max for two of the arrangcments were computed by-

direct proportion from the hinge-moment data for all

three arrangemsnts. The balancing-pressure data observed
and calculated are in agreement with the external-pressure
data., In balance arrangements of the type shown in figure
l, on conventional airfoils the variation of balancing
pressure with aileron deflection appears to be about two-

max

LEAKAGE ACROSS SEAL

Many installations of the internal balance allow

'some‘leakage through the seal for drainage, around the
hinges, around the control rods, or for some other reason.

Small leaks across the seal were found to cause marked
changes in the characteristics of the aileron, Investie
gations of wings A and D were made by the NACA to deter-
mine the effect of leaks (table‘II)Q In the investigation
of wing A, the vent area was varied and, in the investi-
gation of wing D, the leak area was Varied. “The investi-
gation of wing G in England (tavle II) included an investi-
gation of the effects of varying both the vent arce and the
leak area. Because the magnitude of the leakage effect on

AChg was thought to be‘proportional to (AChs)no leak'

the percentage of (Acﬁ&)no leakx 2Vailable with the leak

was plotted as a function of the ratio of leak area to vent
area in figure 7. The data of figure 7 .indicate that a

~leak area of one-tenth the vent area reduces ACpg by

about 18 percent and a leak area equal to the vent area
decreases ACpg Dby about 70 percent. Because the effect

of small leaks ia relatively large, such leaks must be
taken into account in the design of balanced .ailerons,
Because leaks other than grommets or similar devices may
be of unknown magnitude, the balance seal should be made
as complete as pos31ble and all leaks should be made of
known size, :

In addition to reducing the value of AChg » leaks

nenerally reduce the aileron-deflection range over which
the hinge moment varies linearly and reduce the. effective~
ness of the allpron for a given deflectlon.
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When elimination of leaks is impracticable, their
effect. may be reduced to some extent by moving the cover-
plate -trailing edge forward to enlarge the gap. If this
method is used, the balance required. to give the same
AChg will be larger than for a completely sealed balance

with small vents near the hinge axis.
CONTOUR MODIFICATIONS AT VENTS

The previous discussion was based on the results of
tests of internal balances with vents ncar the hinge line
and cover plates of airfoil contour. Some data are avail-
able that show the effect of altering the airfoil contour
ahsad of the vénts when the vents are near the.hinge line.
It is believed that similar effects will be found at other
vent locations. '

Intentional or accidental variation of .the contour of

.the trailing edge of the cover plates will change the charac-

teristics of the balanced aileron. The effect of cover-
plate misalinement .on the values of ACpg and ACyh, is

shown in figures 8 and 9. The values of" ACh8 increase

positively as the cover plates are bent outward until the
deviation from airfoil contour is about 0.004c when the
values begin to decrease., PFrom these data, movement of the
cover-plate trailing edge would appecar to be a good way to
vary the (p, and the Gh8 of an internally balanced aile-
ron, A close inspection of the effects at large deflections

1

(fig. 10) shows that, a2ven though Chgy 1is less at small

deflections, the balance is effective over a much smaller
deflection range and may give higher control forces at
large 'deflections with cover plates bent outward than with
cover plates of airfoil contour. The comparative curves

‘of figure 10 are for a model with cover plates of airfoil

contour and with cover plates having a relatively large
deviation fros airfoil contour. The adverse effect of

the bent coéver plates on the hinge-moment characteristics
decreases as the cover plates approach their normal posi=’
tions. It is belisved, therefore, that the small varia=’
tions of cover-plate contour caused by manufacturing irreg-
ularities should not change the shape of the curves appre-
ciably but should give the expected variation in ACh, and
AChg. '



" The data for figures 8 to 10 are mostly two-'
~.dimensional data (reference 5) inasmuch as there are
fevw data -available on the effect of cover-plate mis-
alinement in three-dimensional flow..: The same quali-.
tative effect is expected with three-dimensional flow, -
but the magnitude of the changes may be somewhat dif-
ferent. ‘ '

FLIGHT TESTS

The results of flight tests of internally balanced
c.gilerong’ v1th1n the level-flight speed range (references
‘6 and 7). showed that llvht and effective aileron control
‘was obtained without und631rable sharlng. The pilots

- were very favorably impressed bj t he characterlstlcs of
these ailerons. The reduction in stick force as predicted
from the data presented in the present paper agrees very
well with the results from the flight tests of the light
low= speed airplane of reference 6 for which the flight
Reynolds number is of the 'same order of megnitude &das that
‘of the wind-tunnel tests. The flight tests of a 1gh speed
modern fighter airplane (reference 7) showed conelderablv
less decreasc in stick forces than would be estimated.

This discrepancy could have been due to the large change
in scale, velocity, or turbulence or to differences in
deteils of comstruction lnuludlnp accidental leaks around
th'e coatrol mecnaplqm. .

CONCLUDING REMARKS

"Results of a comprehensive systematic study of in-
ternal balances are not available. The effects of many
. possible geometric variations and-of the serodynamic
variables - Reynolds numbcr, Mach number, and turdbulence -
are as yet unknown, The present study, which is utlllzlng
test data now available, will be of v.alue, however, in the
initial design of’ 1nterna11v' balanced aileroas and in the
modification of such ‘silerons wherever modification is .
found necessary. - K

1

Langléy Memorial Aeronautical Laboratory,
" Kational Advisory Committee for Aeronautics,
Langley Field, Va.
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TABLE I

-
. o
PLAN FORMS, DIMENSIONS, AND PARAMETERS FOR TEST WINGS
o LE.~— C : o
2
. |
Q
5 . g
/)/K
—
: = | ) c
Cp. d . ' ‘
: 2 2
Wing ~ |Alrfoll : Type of [Hinge=- cbz_.t_'- 1.4 [cp L
plan form 9 Iseries |cg/c |cp/cga|t/cq | test axis Cng Ch 4 S_g) * 4 (S_a‘ Reference
E loca~- a cae \© cg c .
) tion (a) ;
0.163 , . |-0.0078{-0.0018| o . o . -
NACA ) .45 ~ . =.0009 [=mwman- .0186 .0352 .
A O "gat 10.20 | *23.10.325|Semispan | I1 10008 1 - o011 ‘0245 ‘0a57 [Unpublished
\ .57 .0038] 0 .0316 .0597 .
0.110 . " | =0.0070 |-0.0013 0 0 *
~‘§;;§§§7:::ii3 A| NACA 15 .185| .333]0.220|Semispan| I -.0040| -.0009 .0073 .0153 1
230 +415 ’ . ~.0028 | -.0009 .0118 .0248
' : 0.37 - | =0.0046 |-0.0026 0.0103 0.0194 .
¢ (O] NACA 1o,20 | .42 |0.400|Complete | -.0029| -.0044 .0145 .0273 |Unpublished
66 .52 | model .0013 | -.0068 .0244 .0461
— V | NACA ’ ' , -
es |0.229/0.558/0.305 |semispan | 1 0.0009 |-0.0017 0.0366 0.0660 |Unpublished



. 0.175{ 0.205 -0.0080[-0.0051]| 0 0 ,
E | vaca .175| .438 : -.0032| -.0048 .0132 .0262 :
66 .162} ,563|0.410|Semispan : I 0 -.0039 .0214 0445 2 !
.149| .588 .0030| -.0043 .0302 .0643 :
b | N VACA 1o.162{0.5630.410 Semtapan | I | -0.0001{-0.0042|  0.0214 0.0445 2
S !
i .
- 0.198 -0,0056 {-0,0005 0 0 ';
G v .445 . -.0004| .0005 .0145 .0286 Unpublished
0.18 |  544(0-395|Semlspan| I 0020 |==anun- .0234 .0462 | British
' 678 . 0068 |~===a== .0383 0757 |
S
:D 4| TACA 10,17 |0.360|0.400|C0mRIte | 1 | _0.0022|-0.0011] © 0.0075 0.0152 |Unpublished
A waca 0.153 -0.0052| 0 0 0
230 0.08 | +300[{0.306|Semispan{ II " «,0048( O .0020 .0053 |Unpublished
.559 -.0013| .0005 .0084 .0232
|
J D>l & 0.136 , 1 |-0.0072|-0.0029| 0O 0
NACA 10,15 | ,354(0.272(Semtspan | II -.0048| -.0029 .0075 .0160 3
230 .375 I -.0039| -.0029 .0086 .0183

a
Values for slope between about ¥5° deflection.
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TABLE II NACA
BFFECT OF LBAKS ON AILERON CHARACTERISTICS OF WINGS A, D, AND G
Airfoll|Type |Hinge- Unbalanced | AG
Wing| 3 Jseries | of laxis |ecg/e |ep/cq|Sy/Sa [S1/Sa Chg |[SL/Sy Cn —20
o test |[loca- ' : 6 (ac
hg
E tion o leak
a {percent)
, 0.0173 [0 0.0038/0 100
A |O Ngg‘ Semi-1 17 10.20 |0.57 | .0087| .0045| -.0015| .52 | -0.0078 54
span .0173| .0045| -,0005| .28 63
wach |semt 0 0.0009 0 100
emi- .0005| 0 .03 | a- 90
D [V 65 |span | I |0.229/0.558{0.0145 £ 10009| -.0008| 08 | =0.0084 84
.0014| -.0010| .10 . 79
0 0.0068|0 - 100
, .0024| .00s2| .10 87
0.0236 | _0o99| .0007| .42 | =0-0086 51
.0189{ -.0012| .80 | - .36
0 0.0061 [0 100
.0010| .0049| .03 90 -
0.678{0.0394 | -.0024{ .0040| .06 | -0.0056 82
. .0099| .0010| .25 56
.0189| ~-.0010{ .48 39
0.0691 |0 0.0055(0 -0.0056 100
.0024{ .0046| .03 92
Semi- . 0 0.0020{0 100
G |7 | ==== lspan | I |0.18 |0.544}0.0236! .0158| -.0022| .67 | -0.0056 £
.0189{ ~.0026| .80 39
0 -0.0004 |0 100
o.cess | 10920| 10099| 190 | o ongs | o1
' .0197| -.0035] .83 40
. 0 -0.0007 |0 ' 100
0.445[0.0394 | "90201 =310} 95 | 5. 0056 e
.0197 -.0028| .50 ' 57
0 -0.0009 |0 100
.0020| -.0011] .03 96
0.06911 0o99| -.0018( .14 | =0-0056 81
.0197| -.0030] .29 55

8
Bstimated.



NACA ' Fig. 1
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(b) Hinge axis offset from mean line.
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Figure 1l.- Internally balanced ailerons.
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NACA ' Fig. 5
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ratio Qa/c. Unbalanced ailerons.



1.0 . ’ 4
\ e » Wing

1 \ ! ‘
/ : 24 G (computed PS/PS Y

max

.8
/
/ External Ps/Pamax
[f /
AN
et VAN
// \\\
/w/ \\
PS/P(smax \
N\
04 2
' AN
N
<
~. | N
.2 Hinge ~
axii ' ~
| N
~
N
~
~
~
0 L S~
;‘.4 "‘02 O 02 ¢4 96 08 1-0

Distance from aileron hinge axis, fraction c,

Pigure 6.~ Variation of balancing P5/P with location of cover-plate trailing edge. (Unpublished

Brrrin
British data) max

VOVN

g *3F1d



NACA Pig. 7
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