TECHNICAL MELCRANDUMS
NATIONAL ADVISORY COIMITTEE FOR AERONAUTICS

No. 398

RESEARCHES ON AILERONS AND ESPECIALLY ON THE TEST LOADS
TO WHICH THEY SHOULD BE SUBJECTED
By J. Sabatier

From "La Technique Aeronautique"
Noverber 15, and December 15, 1926

~ N ] e | AR "‘—:7.;“ % .’y'
k. [ & a % e \‘! %-,uf’ g
Eﬁﬂ :: ‘Em u;;::n J ("Hf 3 i

To be retuin.d 1o
the files of the National
Advisory Commitiee
~ for Aeronaulics
Washington, D. C.

Washington
February, 19237



NATIONWAL ADVISORY COMIMITTEE FOR AERONAUTICS.
TECHEICAL MEMORAKDUL NO. 398.

RESEARCHES ON AILERONS AﬁD ESPECIALLY ON THE
TEST LOADS TO WHICH THEY SHGULD BE SUBJECTED.*

By J. Sabatier.

Aileron calculations have hitherto~given greatly differing
results according to the different authors. It seems to be the
general opinion that it is only necessary to give the ailerons
such dimensions that the airplane can mwancuver well, that the
stfesses they must undergo are relatively small, and that the&
are strong enough if their framework is of.the same order of
strength as the wings to which they are attached. This article
will show that the problem is really quite complex and that it
should receive more attention.

' What are the strength requirements for ailerons in the dif-
ferent countries?

In France fhe ailérons are included in the static tests of
the wing andAas'if they formed an integral portion of it. More-
over, the technical specifications of 1935 stipulate that the
ailerons ﬁust be able to support, before breaking, a ioad of
at least 200 kg/m2z (41 1b./sq.ft.) distributed triangularly, the

base of the triangle being at the leading edge.

*"Recherches sur les allerons et notamment sur les charges
d'epreuve auxquelles ils doivent etre soumis." From "La Tech-
nigue Aeronautique" for November 15 and December 15, 1926.
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The German specifications of 1918 and the Italian ones of
1924 require constant loads of ruspectiveilv, 200 and 250 kg/mé
(41 and 51 1b./sq.ft.).

The American military specitications of June 23, 1926, re-
quire breaking-test loads of 73-170 kg/mz.(15—35 1b./sq.ft.),
according to the type of airplane, the heaviest loads being for
the lightest airplanes. The requirements of the U; S. Navy
(July 25, 1928) are similar, thouvgh less severe, since they
scale the loads from 73 to 145 kg/m® {15 to 30 1b./8q.ft.).

Most of the above snwecificaticns do not directly involve
the aerodynamic characteristics of the airplane, notably its
speed. In England, however, an attempt hag veen made to téke
account of these characteristics by adopting, for the aileron
test-load, an expression of the fom Acy V%, in which A
is the numerical factor, ¢, the maximum liff of the wing, and
Vg the minimum sustentation speed of the airplane.

One can understand why Vg comes into the expression,
since it is, in fact, at its minirum speed that an airplane has
the zreatest need of its means of control and requires the maxi-
mum action of its ailerons. It must be remembered, however,
that the siresses exerted by the air on the aiierons are not
necessarily maximum, since these stresses also vary as the
square of the speed of the airplane. The factor A must thereQ
fore be chosen so as to take account of this cbndition.

Lastly, attempts have been made to determine the strength

of the ailerons and of their controls by the maximum effort
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which the pilot must ¢xert on the stcering wheel or control
stick. For this reason certain Belgian contracts stipulate that
the dileron.controls must be able to withsland a fofce of 160 kg
(253 1b.) exerted on the control stick. Althougz the effort of
the pilot is an important consideration, it is obviously not
sufficient to determine completely the strength of the.ailerons,
especially if they are balanced, because the stress they then
exert-on their controls is only a fraction of the stresses actu-
ally supported by their surféces.

In short, the rules now followed in different countries
differ greatly from one another both in principle and in results.
The following table facilitates the comparison of the test loads
(in kg/m?), as deduced from these rules, for various types of

airplanes.

Load resulting from a force
Germany| U.S. | Italyi of 180 kg on control stick

250 | 495 (ailerons not balanced)

Nieuvort 39 | 220 170
Potez 15 200 122 | 250 |180 (ailerons balanced)
Breguet 19B3 200 123 250 h310 (ailerons not balanced)
250 |135 ( " " "

250 95 ( 1t it 1 )

Goliath 200 o8

Farman Bn 4 200 73

The_loads deduced from the force exerted on the control
stick were calculated on the assumption that the action of the
air on the aileron is distributed triangularly, beginning at the
leading edge. The value indicated for the balanced aiiérons of

the. Potez 15 is only avproximate, due to the relative uneertain-
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ty of the hypoihesss concsrning the diviesion of the pressure be-

'-_

tween the portion or th2 ailercn losatal behind the wing and the
balancing portion located outside the wing.

In view of the above divergencies, i 13 decivable to take
up the vroblem aga.n at the beginning and to irvescligate exper—
imentally the stressee to which the ailerons are =ipose in
flight. In order to simplify this investigation, w2 wiil only
consider the case of rectangular ailerons located entirely be-
hind the wings (that is, not balanced). For bailanced ailerons
with a vortion of their surface outside the wing, it would be
necessary to investigate separately the action of the air on the
portion behind the wing arnd on the outside portion which the air
attacks more directly. When the ailerone are in the neutral
position, i.e., when they simpiy form a normal prolongation of
the wing, they may be censidered as an integral portion of the
wing. The stressss they suopHrt are then tne same as the air
exerts on the trailing vortion of the wing.

The piesent rules of the C.I.N.A. (International Committee
on Aerial Navigation) for the calcuietion and the static test-
ing of airplane ceils provide fcr the four principal and for
various éccessdzy cases.® Of these cases the most interesting

from our present viewpoint are:

* The 1935 French.ruies for geuéral technical conditions are sim-
ilar, the vaiucs of the factoss € beinyg only a little higher,
which fact does not ctherwiss effec’ the sense of the resulting
conclusions.
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Flight at the extreme forward position of the center of
1ift;
Horizontal flight at high speed;
Vertical dive at the speed 1im£t,
The mean factors by which the stresses corresponding to‘each of
these three cases must be multiplied, in order to obtain the
test loads which the wings of normal airplanes must withstand
before breaking, are as follows: -

Case 1, f 6;

il

1 ’ .
Case 3, f, =31 = 4.5
Case 3, %, = 1l.5.

A certain angle of flight and a special cdistribution of the air
pressures along the chord correspond to each of fhese three
cases for any given wing profile. - The test loads must be dis-
" tributed in conformity with this plan, both on the wing and on
the aileron.

For horizontal flight, if we designate the 1ift of the wing
and that of the aileron respectively, by Oz and ¢z and if
the corresponding load of the cell is P/S, it is easily seen
that the breaking strength will be given by an expression of the
form q = Z f X ZE

* S Cz .

‘In order to investigate the variations of this expression,
the S.T.A¢. (French Technical Section of Aeronautics) recently
determined, in the wind tunnel of the Eiffel Laboratory, the

aerodynamic-pressure curves of various wing profiles commonly

employed on airplanes.
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The following results were obtained:
__ Profile 430 -
Angle of attack
ith reference to o]
mrth e 100 G5 | 100 g £ £ 52
zero-1ift |chord tan. (wing) (aileron z
to lower , at 20%)
side of ‘ -
wing
degrees
15 8.9 108 43 8 2.4
9 1.1 87.5 48 4.5 3.2
C.4 ~-7.7 3 34 1.5 -
Profile 389
15 10 102 38 6 2.3
9 4.2 83 33 4.5 2.3
B 1.2 42.5 28 4.5 3
0.4 -4.8 3 16 1.5 -
Profile 387
15 8.8 109 49 6 2.7
9 2 63 35 4.5 2.5
6 -1 42 32 4.5 3.4
0.4 -6.8 2.5 21 1.5 -
Profile 382
15 5.6 95 L 30 6 1.9
9 -0.23 61 l 28.5 4.5 2.1
6 -3.2 39 t 26 4.5 3
0.4 -9 1.5 25 1.5 -
Breguet Profile
15 11.3 938.5 33 6 2
9 3.5 84 29 4.5 2
6 2.5 44 27 4.5 2.7
004' "3'3 . 8 .].6 105 -
Halbronn Prefile
15 11.5 939 25 6 1.5
9 5.7 69 30 4.5 1.9
6 2.7 43 23 4.5 2.6
004 ""301 6-2 16 1.5 -
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It is seen that the expression f %ﬁ je about 50% larger
for the cdse of flight at high s»éed than foi flight at large
angles of bttack:. The former consideration is therefore the one
to be takeh into account in determining the test joad for the
ailerons.

If we pass to the case of diving with small 1ift, we find
that the corresponding load.factor is 1.5, as against 4.5 for

the case of high speed. The load factor for the former case

is thereforelgiven by the expression

Q 15 Czp V7

Qn ~ 4.5 Czn Va‘:h
in ‘which the indices p relate to the diving and the indices h
relate to the high speed. _

Aécording to the above figures, the ratio Czp/CZh, has a
nean value of 0.7. By starting with this value, we find that
the test load deduced from the diving does not exceed that de-
duced from the maximum horizontal speed, unless the diving
speed appreciably exceeds the double (2.24) of the former. Un-
der these conditions we can genefally abide by the case of high
speed.

The above conclusions were deduced from the results obtained
for ailerons with a chord equal to 40% of the chord of the cor-
resnonding wing. Similar conclusions were reached for relative-
1y narrower ailerons (20%; for exampie). Since the relative
chords of the ailerons now iﬁ use are between 16 and 40%, these

conclusions can be accepted in a general way.
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The results with the 20% allerons, for the profiles tested,

are as follows:

Profile 430

Angle of attack
with reference
to zero 1ift

100 Cg

15

27
24.5

Profile 389

22.5
18.5
17

Profile 387

29.5
18
16

Profile 382
12.7

13-5

11.5
Breguet Profile
18
14.8
15
Halbronn Profile
8.6

20
11.6

17.5

H- O
O
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The first conclusion to be drawn fron these results is that
it is not always sufficient to load the ailerons as simplec por-
tions 6f the wing, as in the ordinacy static tests, because these
_tests are generally made under conditions of flight at large
angles of attack, i.e., according to what we have just seen, un-
der condifions which are not the most important from the stand-
point Qf the ailerons.

The above vdlues, as also the corresponding preésure curves
(Fig. 1) show that, at high spmeed, the distribution of the air
forces on the ailerons is verY nearly triaﬁgular. Under these
conditions, for the same profile and for a wing equally loaded
per unit area, the mean value of the test load is oroportional
to the chord of the 2ileron. Moreover, the load must be so dis-~
'tributedlthat its center of gravity will be.a£ a disténce of
1/3 of the chord of the aileron back of its hinge edge.

For the pﬁrpose of establlshing a general formula, utiliza-
ble in the case of profiles for which fhe dietribution of the
pressures 1is not accurately known, we can take for the ratio
c»/Cz*, the mean value corresponding to the angle of 6° with
reference to the line of zero 1ift,'a value deduced from the
preceding data. For a given chord of the aileron we finally

obtain the following expression for the test load.

*The mean value of ¢;/C; ie 0.6 for ailerons with a relative

chord of 40% and 0.33 for ailerons with a relative chord of 20%
of the wing chord.
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q:g—gg— —%—Z—=—P—-§3~X108p

p being the ratio of the chord of the aileron to that of the
wing.

Yoreover, it may be convenient to employ in this expression
the load factor f, corresponding to the first flight case,

which is the most used. In this case, since f, = 3 f

x L, we have

the following definitive formula:

q=%f X1.35.

1

It must be remembered that, in all that precedes, we have assumed
the ailerons to be in the neutral undeflected position.

It may be further noted thét the above formula is very simi-
lar to the one ‘indicated by certain Znglish writers (Pippard and
Pritchard), who state, in fact, that the normal load supported
by the ailerons in flight has the fomm % B, which is equivalent
to admitting that the distributién of the pressure is triangular
.over the whole wing, the base of the triangle being at the leading
edge and its apex at the trailing edge. The curves in Fig. 1
show that thic hypothesis is insufficient and would generally
give too small aileron loads. However tﬁat-maj be, the above

formula gives the following test loads for the five military

airplanes :lready taken as examples.
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Total | ¥ing| - E f, " Test load
weight | area| ~§ | (1928 p 13551 p
< r 2
(xg) | (m2)](xg/m?) speC-A) (kg/m? )
Nieuport 29 1,180] 27 | 43 12.8 | 0.19 140
Potez 15 1,815 45 | 40 8.6 |0.29 135
Breguet 19 B 3 | 2,347| 48 | 49 8.3 | 0.21 115
Goliath-Renault| 5,145| 162 | 31 & 0.36 90
Farzan Bn 4 11,650 | 268 | 43 & 0.16 55

The seme formula gives the following results. for certain

well-known commercial airvlanes:.

Total | ¥ing| E f,
weight | area s (1925 | p Test load
(kg) | (m®) lxg/m®) | svec.) (kg/r2)
Bernard 1,170 11 107 6 0.18 155
Farman Soort 410 19.5 2l 8 0.32 70
Breguet 14 T 1,908 49 39 7.5 0.41 160
De Havilland 34| 3,070 55 £5 7 0.20 105
Jabiru 5,2280 31 64.5 o 0.155 80

It is now fitting to examine the case of ailerons when they

are deflected upward or downward from their neutral position.
Most of the researches made on this subject were in connection
with experiments on small models conducted as follows:

The two ailerons were given equal and oovposite deflections.
The stabilizing'couple for the model was then measured. It vwas
assumed that the total force exerted on each aileron was equal
to the quotient of the moMent of the couple divided by £he dis-
tance between the centers of the two ailerons. Unfortunately,

this method can not give very accurate results for the following

reasons.
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1. For the same angles of deflection, one up and the other
down, the forces exerted on the two ailerons are very far from
equal, as we shall see farther on.

2. The stabilizing couvle exerted on<£he airplane is not
oroduced alone by forces applied directly to the eilerone, Hut
also by dissymmetries in the aerodynamic properties of the wings,
created by their deflection.

3. This method disregards the fact that the ailerons are

<

under load when they are in the neutral vosition, i.e., when the

stabilizing couple is zero.

In order to elucidate the oroblem, it would therefore be
nécessary to avoid the intermediétion of the stabilizing couvle
and measure directly the stresses on the ailerons themselves.
This has recently been done in the large win¢ tunnel of  the
S.T.A¢" at Issy-les-Toulineaux. The dimensions of this tunnel
render it nossihle to experiment with modelé so large that the
relatively small forces under investigation can be measured with
gsufficient accuracy. Owing to these conditions, the results
obtained at the S.T.Ae. are worth examining.

The method of testing is shown by Fig. 3. Two profiles
(the 430 and the I-A+ of the S.T.4€., or the Halbronn profile)
weré successively tested. 'In the two cases the wing and aileron
had the same respective dimensions. The chord of the wing was
1.6 m (63 in.) and that of the aileron 0.25 m (9.84 in.) (ratio

p = 0.18). The span of the wing was 2.3 m (7.55 ft.) and thet of
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the aileron 1.6 m (5.35 ft.). The wing was mounted rigidly in
the tunnel, the aileror alone trznsmitting to the balance the
forces to which 1% woe subiected. Th2 air velocities varied be-

tween 50 and 53 m (154 and 174 ) »

T

f1,. T ssccnd- The clearance
between the wing and ailsron, the importance of which will be ev-
ident farther on, was 11 mm (0.43 in.) for the Helbronn wing and
9.5 mm (0.37 in.) for the 430. The measurements made under

these conditions gave the following results:

Halbronn Profile*

Inclination of wing yzero 1ift... | 3.5° 8. 5% 13, 5°
with reference to }tanzent chord.. 00 50 107
Resultant normal to ~127 -28.5 -26 -26
lower surface of J - 60 - 8.5 - 7.8 - 5.6
aileron when de- ) o 17.6 19 24.6

flected from its

neutral vosition 80 25,6 29 44.8
12° 53.73 57.4 66.3
L 18° 62.6 - -
Profile 430
Inclination of wing yzeros Lift... '8690 4690 769o
with reference to {iangeut chord.. -5 -3 0
Resultant normal to —122 -17.23 -14.5 ~-14.1
lower suriace of - 8o -~ 1.6 1.05 1.6
aileron when de- < - 47 +14.1 16.8 17.8
flected from its 0 28.4 31.3 53.8
neutral position
4° 41.8 | " 44.7 48.4
89 55 58.3 63
¢ 12° 66 . 69.5 75.3

* The values of the normal resultants were calculated from the
values of the ¢y and ¢y measured directly on the aileron.
The negative values correspond to e downward resultant. The neg-

ative angles correspond to the upward deflection of the aileron.
The zero position corresponds to the undeflected ailerons.
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Before analyzing these data in detail, we should recall how,
as already mentioned, the experiments performed at St. Cyr and
especially the pressure tests made with small wing models, with-
out hinged aileron, enabled the vaiuation of the fbrces support-—
ed by the ailerons in the;r neutral position.

For the two profiles tested at the same angles of attack znd
with the same ratio of p = 0.16 between the chord of the ail-
eron and that of the wing, the data obtained from the Issy &nd

Eiffel experiments give the following comparative results:

Halbronn Profile

Values of 100 Cgz

Deduced from Yeasured at
| Ziffel data - Issy
Inclination with 0° 7.5 4 17.8
reference %o 50 13 18.8
tangent chord 10° 10 , 24.2

Profile 430

Inclination with -5 17 28.4
reference to -3 18 31.3
tangent chord 0 30 33.4

Thus the values of O, obtained from direct measurements
on the two profiles are 1.5 to 2 times those deduced from the
experiments with a small model. What is the reason for these
differences and which of the two series of values is more accu-
rate? An analysis indicates two oauseé, one secondaré snd the
other more important. |

The secondary cause is the difference in the nature of the

air flows past the small model tested in the Eiffel tunnel and
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past the wing fragment of large size but small relative span
tested at Issy.

The principal cause is the effect on the aerodynamic prorer-
ties of the aileron produced byvthe clearance or slot between it
and the wing. This effect was demonstrated by the following ex-
veriment, performed at Issy, on the same wing model (430) as be-
fore. The inclination of the wing being 0° with reference to
the chord tangent to the lower side of the wing, and the aileron
being in its neutral vosition, the values of the aerodynamic
pressures, supported by the model at different points on the same
wing section, were determined. The measurements were made suc-
éessively for two sections, located at about the middle of each
half of the aileron, and their mean value was taken. These mean
values were also found for the case of zero clearance (slot
closed by paper); for a slot 4 mm (0.157 in.) wide; and for a
slot © mm (0.354 in.) wide. The results thus obtained are as
follows:

a) The presence or absence of a slot does not apprecia-
bly affect the pressure on the lower side.

b) On the contrary, the presence of a slot at the articu-
lation greatly increases the negative pressure on the lower side
near tne leading edge of the aileron. If d, is the negative
pressure measured near the leading edge, with .the slot clbséd,
the negative pressure dy measured with a 9 mm (0.354 in.) slot

can attain a value of 4 do-
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¢) Then tre width of the slot is changed, the value of
the negative pressure changes in the same direction, but in a
much smaller relative degree. Thus the negative pressure
dg = 4 4y still remains in the vicinity of 3 do, when the
width of the slot is reduced from 2 to 4 mm.

The measurements made do not yet render it vossible to de-
termine accurately the effect which the increase in the negative
piessure created by the slot at the leading edge will have in
all cases on the forces supported by a full-size aileron. It is
probable that this effect‘is a function of the aileron chord and
of its span as compared with that of the corresvonding wing.
However this may be, if we abide by the results obtained on the
430 model, Fig. 3 shows that the vresence of a 9 mm (0.354 in.)
slot can cause for this model an increase of about 50% between
the stresses measured on the aileron with the slot open and‘with
it closed.. This increase is of thé same order as that of the
differences indicated by the abéve comparative table of the
values of 100 €, and renders it possible thus to explain their
origin.

We can conclude that the test loads previously calculated

P
S .
the case when the slot 'is very narrow, in order to have only a

according to the formula q = f; » 1.35 p hold good only for
negligible effect on the stresses undergone by the aileron dur-
'ing flight. Otherwise one must increase these loads by an amount

which may attain about 50%, that is, replace the original formela
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by the formula q = % f, x 2 p.

On referring to the results obtained with the two wing mod-
els I A and 43G (Fig. 4) tested at Issy with their aileronms,
it is obvious-that wz can draw the following conclusiéns-

1. The normal stress undergone by an aileron deflecied
downward is very much greater than that supported by the same
aileron deflected upward the same amount. Fof the profile 430
with a deflection of 10° in each direction, the aileron deflected
downward is stressed about 9 times as much as the aileron de-
flected upward. This result confirms the objections already
‘stated against the methods for calculating the strength of ail—
erons based on a too exclusive consideration of the evolution
couple they produce. .

2. The value of the normal stress N varies but little
for the same wing and for the angle of deflection of an aileron,
when the angle of attack of the wing va:ies only within the cus-
tomary limits.

- 3. The normal stress ¥ is very nearly proportional to
‘the angle of deflection. The inclination of the straight line
is very nearly the same for the two profiles tested and leads
to the formula 100 Ng = 100 Ng + 3.3 a(a being expressed in

degrees). |

Under these conditions, the surcharge produced by the de-
flection will be given for a full-size aileron by an expression

of the form 3.2« %éi, that is, 0.002 V?®a, @ being expressed

in degrees or by 0.115 Vza, aAbeing expressed in length of arc.
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The latter forrmla can ve compared with the one pronosed
by several writers, who have advocaiced 5uc aleption of the for-
mula of Joessel for the calculatiom c¢f &ilierons. Joessel gives,’
for -the force supported by an elevator which makes the angle 8
with the direction of the air current; the expressioni %?%QIK%?GB’
which can be written 0.17 VB for anglesvbetween 0 and 10°.

The experiments performed in the Issy tunnel on the two prb—
files considered, vrove therefore that Joessel's formula is not
directly applicable to the calculation of ailerons, but that we
can utilize it tec a certain extent by replacing the angle B8,
between the surface and the direction of the air Cufrent, by the
angle a of the deflectien of the aileron and by adding, to the
value thus calculated, the mean forde éupported by the aileron
in the neutral position. |

Lastly, if we adopt the expression 0.002 V2@ ag the first
approximation for calculating the supvplementary force produced
by the defiection, we must know by what safety factor it is to be
multiplied in order to determnine the static test load to which
the aileron should be subjected.

. We have already seen that, for the aileron and its wing to
have a mechanically homogenecus streangth, it is necessary to ap-
ply to the forece supported by the aileron in the neutral position

3

a load facwer of f, = T f,. The same factor would seem to need

to be applied to the suvpplement of the force produced by the de-
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flection. Anyway it is necessary to take account of the fact

that the ailerons are never deflected suddenly at high speed and

that the speed of the airplane will graduvalily diminish as the

angle of deflection increases.

conserving for V,

This result can ve obtained by

maximum speed and by limiting a to 10°.

in the formula 0.002 V3a,

the value of the

Finally we obtain, for the test load of the ailerons, an

expression of the form

Q and P/S being expressed in kg/m?, and Vil

P
Q=1 <§-x 2 p +

1.5 2 '
1000 © h>’

in m/

sec.

The following table gives the test loads resulting from the above

formula for the airplanes already mentioned.

Thus the surcharge

of the load in the neutral position.

ever,

TV, 1.5 f
L f, ' _.lvzh

¥m w/sec 1000
Nieuport 29 3230 B84 12.8 79
Potez 15 1290 53 8.6 36
Breguet 19 230 81 8.3 46
Goliath Renault| 166 48 6 19
Farman Bn 4 183 51 6 23
Bernard 448 125 6 140
Farman Sport 143 40 8 19
Breguet 14 T 170 47 7.5 25
D.H. 34 170 47 4 23
Jabiru. 204 57 S 29

Test load
of aileron
at 0 |
210

200

170

135

85

230

105
340
150
120

Total
test load
(kg/me)

R

290
- 335
215
155
105
370

125
265
175
150

due to deflection is generally

fore, as assumed by some writers.

1.

1
4 3

It may be much larger, how-

especially for swift airplanes.

It is not negligible there-

In order to supplement this re-
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sult, it is importent to determinc the position of the center of
on the chord .

1ift/ of the aileron. The measurements made from this viewpoint

gave the following results:

Profile 430

Inclination of wing  zero 1lift... 2.9° 4.9° 7.9°

with Teference to tangent chord.. -—5° -39 0°
~ f

Positions of center ~123° - 0.27 0.237 0.27
of 1ift on aileron | - 49 0.34 0.34 0.34
chord for angles of } 0° 0.33 0.32 0.3%
deflection with ‘ 49 0.33 0.33 | 0.33
reference to neutral 12° ©0.39 0.39 0.38
voeition :

" Halbromn Profile

Inclination of wing (zero 1ift... 3. 5° 8.5° 13, 5°

with reference to { tangent chord.. 0° 50 10°
: ~ '

Positions of center ~13° 0.27 0.27 0.30
of 1ift on aileron . - B9 0.27 0.20 0.20
chord for angles of | 0° - 0.37 0.35 0.37
deflection with 60 0.28 0.40 0.43
reference to neutral 12° 0.33 0.50 0.53
vosition-

—

For a deflection of 10° downward, which has already been
considered, they show that the center of 1ift is at 40-50% of the
chord. This result confirms the grounds for the rule followed in
the United States (1922 specifications) which stipulated that, in -
the static tests of aillerons, the center of gravity of thc test
load should be located at 5/12 of the chord. This distribution
is nearly that which would be represented by a right trapezoid
having the side perpendicular to its bases on the 1edding edge
and the smaller base equal to about half the larger.

Hitherto attention has been given_onlf to normal stresses on
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the lower side, which are, in fact, much tne most important:
Nevertheless, it is well to determin2 the stresses df drag with
the variations they undergo. The measurements made on the two
'profiles, tested under the same conditions as above, gave the
following résults:

Halibronn Profile

Inclination of wing (zero 1lift... 3.5° 8.5° 13.5°
with reference to tangent chord.. Q° 50 10°
Drags in the plane | ~12° -6.7 ~€.3 -7.5

of the aiieron - &2 -32.4 ~2.4 -4
when deflected with . 0% 0.3 1.5 0.2
reference to its
neutral position : S 0.9 5.3 3.2
: 12 3.3 10.8 6.4
Profile 430
Inclination of wing [ zero 1ift... 2.9° 4,99 7.9°
with refersnce to ¢ tongent chord 50 30 0°
Drags in the oulane [ ~12 -3.5 -3 . -2.5
of the ailercn - 8 -0.2 0.2 -0.8
when deflected with< - 4 ~1.4 2.3 3
- reference to its 0] 3.5 3.2 4.3
neutral vnosition et e R
4 3.9 3.7 4.4
8 4.5 3.8 5
L 13 5. 4 4.4 -

These figures show that the forces in the plane of the ail-
erons are, at their maximum, only about 0.1 of the forces per-
pendicular to this vlane. Moreover, it is obvious that the
drags for upward deflections can be negati#e, that is, can sup-
vort the aileron on its hinges, instead of tending to separate
it from the wing. The change in the 1ift occurs at the moment

the action normal to the plane of the aileron becomes zero.
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These results render it possible to account for a few interesting
details in the functioning of the ailerons during flight.

We have, in fact, already seen that the force supported by
an aileron can be vut in the form (a + b-a)'Va, a being the
angle of deflection. This expression also gives the value of
the tension of the controls between the pilot and the aileron.
When the pilot operates the control stick, he must overcome the
difference between the tension of the controi of the aileron de-
flected downward and that of the aileron deflected upward, that
is, [a+ba-(a-va) VE]lor 2ba V2

It‘will be first noted that the tensiors of the two controls
are eqgual only when & is zero, that is, when the ailerons are
in fhe‘neutral vosition. When, on the contrary, the value of «
is such that a - ba 1is near zero*, we have a‘common organ ac-
tuating two controls, one béing under high'tension and the other
undér low tension. The effect of the former will eﬁidently pre-—
dominate as regards the reflexes and maneuver%)of the pilot.

If the control terminating at the aileron deflected upward has
ény play, nothing can prevent this aileron from flapping about
its neutral position like a flag in the wind. The flapoing is
ali the more liable to occur when the value of a is relatively
small. The flapping is more vigorous in proportion to the
strength of the couple of recoil. Both these circumstances cor-

respond to high values of b, that is, to the factor of in-

* We have alrealy seen that this angle is 4.5° for the Halbronn
and 8% for the 430 profile.
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crease of the forces in terms of the deflection. Of course the
flapping, if due to the above causes, will increase in violence
with increasing speed of the airplane. vao aCCessoTy phéaomena
may still further increase the'flapping. We have alfeady seen
t%at,.in the neighborhood of the deflection correspohding to
zeTo stress, the aileron changes its support on its hingés.

This change may occur, if the controls have any play, at a flap-
ping of the aileron parallel to its piane. It can, moreover,
periodically change the width of the slot or clearance between
the aileron and its wing.

We have already seen the effect this slot has on the stress-
es to which the aileron is subjected during flight. The period-
ical ovening and closing of the slot, »roduced by the oscillat-
tigns of the aileron wil) then be accentuated by the sudden rTup-
ture of equilibrium entailed by the flapping of the aileron
about its axis.

The above remarks explain, at least in part, the vibration
of the ailerons, which are often menifest on airplanes! especi-
ally at very high speeds (either horizontal or diving). These
vibrations may bevstrong enough to dislocate tﬁe ailerons and
even the neighboring ribs of the wing. " They are therefore very
dangerous.

If the above explanafions are correct, it is obvious that,
in order to avoid the vibrations, it would be necessary to elim-

inate all pvlay in the controls and reduce to a minimum the clear-
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ance between the ailerons and the wing.

The experimental device empioyed at Issy can give indica-
tions not only concerning the forces acting directly on the ail-
erons, but also regarding their effect on the aerodynamic prop-
erties>of the wing. For'this purpose we measure the positive
and negative pressures exerted at various points of the same
profile for several angles of deflection of the ailerons. If we
operate in particular on the sections B and C of the 430 model
and vlot the mean results, we obtain the curves shown in Fig. 5.

The curves first show the effect of the clearanée slot in
the case of a deflected aileron. They also show that the pro-
gressi&e 6oup1e created by the deflections of the two conjugated
ailerohs is due especially to the modifications they introduce
in the aerodynamic properties of the wing. These modifications

affect the larger portion of the wing chord.

In brief, the preceding considerations show:

The importance of knowing the maximum stress undergone by
the ailerons when much deflected, as well as in the neutral po-
sition. These’ stresses are greater than generally supposed.

The presence of an appreciable clearance or siot between
the ailéron and the wing increases these stresses.

If we wish to resort to a mean formula for determining the
load an aileron should Withétand, in order to afford guaranties

similar to the ones required of wings, the formula

_ P 1.5V2\
a=1%, (@F»+000
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would seem to serve the purpose. It would seem advisable, how-
ever, to try experiments on other mocdels than the ones hitherto
-used, in order to determine whether this fomula is general
enough.

At the same time the prescure data already obteined should
be supplemented in order to determine the aerodynamic conditions
for the functioning of ailerons as stabilizing organs.

It would be desirable to verify these data by aAfew direct
flight tests, especially of the stresses undergone by the con-
trols, at various engine speeds and for various angles of de-

flection.

Translation by Dwight M. Miner,
National Advisory Committee
for Aeronautics.
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