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That the alieron has a large infliuence on wing
flutter was found as early as 1luzZ8 when Frazer and Duncan(m‘
cublished a "List of Deslgn Recommendations relative to
Allerons", &ince these Recomiengaticna vere stated in a
general form it was foit by the author that 1£ would be of
interest tu investigate thls influence of the aileron for
an actual nodern alrpliane,

Therefore as waln part of this wors the case of
fiutter for three degrees of frecdow (torsion-flexure-
alileron) is investigated for six different jpositicns of
the alleron center of gravity. These results are then
comparad with the case of two degrees of freedon of flexure-
torsion. Also the subcuse of torsion-ailervon flutter is
investigated,

One of the conclusions reacned is that the flutter
velocity increases aliuoust linearly with the distance of the
aileron center of gravity forward froms the position of dyna-
mie balance to a position of about five percent overbslance,
put that further inerease of overbalance wilil cause only a
very small increase of flutter velocity,

A calculatlon scheme for the determination of the
cublec and quadratic coefficients ls presented together with

8 number of tables for the various nunerical covefficisnts,
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NOTATICHS

These notations in general agrez wilth Thecodorsen,

4]

i

H"

#

angie of wing rclative to wing direetion (fig. 1)
ajileron ungle relative tc wing chord (fig. 1)

vertical distance of center of wing chord (fig. 1)

R

. 3
C — Ao "
£,a8=8, stc

half chord of wing used as reference unit length {f%e)

distance of tursional azis aft of mid-chord as
fracticn of seni-chora (fig..). Loeation of
stiffness axis in rercent total chord measured
from the leading woge i3

l.‘t‘ 4 -“‘""'l"-:'L Or
a = <f{stiffness axig) _ ;

14

distance of the aliercn hinge axis aft of mid-chord
as fraeticn of sssli-cnord, Location of ailercn
hinge axis in [ ercent totair chorae measured from
leading edge is

1oy &£ or
e = c{uilercn hinge)l _ 1

d=C | ratio of allercn cherd to wing chord

-~
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aistance of center of gravity of allerun wass aft
of hinge .ine, u2s fracilon of wing chora,

P ® mass of alr per unit of voliune
¥ = pass of wing per uanilb of s an

mass of aileron jer unit of sgpan

7 3 ~ d % . araae . d
m = additional mass per unlt of span awded on to the
ailédron to vary its conler of gravity locaticon.
&
x = IL0 | ratic of mass of a cylinder of air of a
¥, dlametler egual to Lie cuord of the wing,

both taren at the reference seccicn.

locaticn of center of gravity of ving-alleron
systei. frou a. (fig. 1)

o
il

x, = reduced location oi cunter of gravity of aiieron
“referred to g. (fig. 1)

% =/ padius of gyration of wing-aileron syster referred
te a8« (filg. i) ;

L, - reduced radius of gyration of aileron referred
1o 8. (fig, 1)

/

8 = static moment of wing-allerun per unit s;pan length
referrea to a.
9. 2 static saoment of ailleron vepr unit s.an length

referred to c.

I = uwmoment of lnertia of -ipg-alieron about g, per
unit s:an lengtn.

I, = zoment of inertia ¢l aileron sbout ¢, per unit
2 apan lengtih, '



C, = torslonal stiffness of wing arcund g, per unit
span lengthe

(% = torsicnal stiffness cf aileron arvund g, per
unit sian length.

C = stiffness of wing in aefisction, per unit span
length/

¢ |

w = circular frequency of wing vibrations., (rad/sec.)

o, = 4%& , natural circular frequency of torsivnal
- vibration of wing-systes around a, as of
one degree of freedon in vacuua.

8
t

,I%L  Datural frequency of torsional vioretion
e of aileron arcund g.

W, = xlfg s, natural frequency of wing in def.eectlion.
t = time
v = velioclity of aiv lane

V., Vi, = flutter or critical velocitles

V.. designutes either the fleiuie-
torsion-aileron flut.er veiceity
or the aitercn-torsionas fliotter
velocity,

V., represents the fiexure-toersion
fiutter velocity which is indecen-
dent of the alleron systen.,

p = Yo » Paraneter used Lo indicate ilhe influence of
Ver, the aileron on wing fiutter.

X = N s reduced freguency egual number of waves in
¥ the ware in a distance equal Lo the semichord x2Zm.

thh of cne
ce egual to

™

= reduced wave length equal to the ien
wave of the wa.e in terus of a dista
the gemlchord x&m,.

=

<



X = function of fiutter freguency

for Flexure-Torsion X = %? (Ly
for Fleaure-alleron X = ;—1{ (%)1
for Torsion-Alleron %= %; (%ﬁf
for Flexure-Torsion-Aileron X = f (-‘-‘---“‘j")'l

C(k) = F + iG , complex 1ift vector, tabulated in
References 1, £, 3, 4,

T, , T,  otc. constants given in Reforences 1 and 2,



SCUBEI0 F TUE SPECIFIC PROBLUE UBDIATAF KN

The purpose of this paper is to show the influence
of the alleron on wing flutter whiie changing the lccation
of the aileron center of gravity. This was done by incor-

yorating and additicnal mass g’ into the nose of the aileron

HINGE Axis
K: /—C.G.aﬁ,ihfnaw

e T(eb) —

in order to cause & change in the location of the allercn
center of gravity. This practice yas adopted since 1t corres-
ronds exactlly to the procedure foliowed in aircraft industry.
The basic assumption was that the totai mass 4 of
the wing yer ft., of span, incliuding the aileron, did not
charnge when additicnal sass was added to the allercn,
Another asguvptign was that the center of gravity of

twenty five percent of

o

3 { % / 4T €} * E T, WP T h o
the adalticnal mass @ was localea a
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the aileron cﬁord forward of the hinge axls, The alleron
chord being defined as the distance frox its hinge axis to
the trailing edge.

If (), represents the notation used for a rarticular

location of the center ol gravity for which all the wing

parameters were detercined by tests on the actual wing {m'= (),
then for any other position of the center cof gravity the
zoment of inertia equation wilil become:

IF
frow which

2 " & ] ' 2
= ¥ryb = [Urgp - n' ($70) ] .

2

il 1F A2 (1)

Similarly for the static moment relaticn:

r

o +Th
i g IR

v

3 -
since x, = 7p and Xp, =

-

[
- ' T
Xo ® Xp, - 95 (2)
The frequency of the zileron willi vary according to the

relation

Wep = T o
Tu-p, - T's, (0)

As an auxilliary expression we haves

) id .

Xp & <0 g

S8ince m = m, + &)

i

1%

Eliminating x, between this last equation and equation (2)

we obtaln:

¢ Ifo
Ky =i 0 =
m' - —;—-———Ez (4)

£
L



8ix different statlions were investigated for which
the distancs from the center of gravity of the atlercn to
the hinge axis (%) amounted tu -1C3; <B7; +l.4%; +10%;
+20% and +40% of the aiieron chord. The.last value corres-
ponds to the case of an unbalanced alieron,

1

The variaticn of the parameters g » X5 Pp and w
with respect to (%) is shown in Plgure &.

Por cach of these six cuses the flutter veloclities
of fiexure-~torsion-aileron und torsion-aileoron were deter-
mined and com;arad to the flexure-torsion cuse of the wing.

For the determination of flutter velocities
Theodersen's( equations (A4,8,C pg.lo, Ref.l) of eguiiibrium
were used, These eguations represent the equilibrium of the
moments about @ of the entire alrfuil, of the moments on the
aileron about g, and of the vertical forces. In these ex-
pressions the totali aerocdynamic forces and woments were ob-
tained by Thecdorsen from the theory of nonstatiocnary poten-
tial flow,

The underlying assumption of the above mentioned
equations 1is that the large oscillations are not considered
and only infinitely smail oseiliations about the rosition
of equilibrium nesd be considered,

S8ince thare is no necessity for golving a general
case of dam;ed or divergent wotion, only the border case of
a pure sinusocidal moticn need be determined, Therefore by

introducing inte the equations



A, ei“%
Po ei (h% o k?,)

H & hoei(k% + %)

where s = vi and @and @ arc phase ungies of P ard h with
respect to w, the equatiouns can be writien into the follow-

ing com lex forwd

Homents about torsicnal axis:

d[A,,, wﬂqx] . op [aap] + h[;xah]= 0

Yoments about hinpge axis:

«[Aw] +B[Avp +12%] + b [Aw] =0

Vertical forces:

o([Ac“J + p[Acﬂ} +h[Ach +ﬂhx]= G

where As; = By, + 1lsa, @le, A1) A terms are functicn of } .
«

The scluticn of the instabliliity problon as contained

¥
-

\

in the syster. of these equations is given by ths vanlsh

Pt

ng
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<% : anlt : -
of a third crder deter.ines of cou lex nuubers representing

the coeflicients of o, 3, and h

Ase +50L7 A ap Aan

H

D = AR + 1A Ava Lbp +Qp,{ A bh = U

A ca Ac_p Ach +Dn A

The solution of thils ueteriinantal eguaticn resclves
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itself into the solution of two simultaneocus equaticns, one
real and vne isaginary,

For the major case, i.,e, three degrees of freedom,
the solution results ‘n a real cublc equation and an imaginary
quadratic equatlion in X, while the particular subcases of two
degreeslor freedon are characterized by a real gquadratic
equation and an imaginary linecar equation in X, |

The sociution of these squations determines X and % ’

-from which the unknown velocity and flutter frequency can

be obtalned,
The problem reauvces itself to the finding of values

of X satisfying both the real and imagzinary parts of the

\
A

determinant. For tals, the procsedure censists in plotting
graphically the routs X against & for bouth equations, the
points of intersection being the solutions of the determinan-

tal equaticn.

In- Figures . to 10 are shown the curves of the roots
of the real and imaglnary equations plotted u';in¢t,i for
the various cases considered, The results are nresented 1n
Flg. 12, which shows the flutter velceliy V.., expressed as
a ratio to the fiutter ced for flexure and torsion, Q%,
v
plotted agalinst e aileron center of gravity locatior
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Three main eonciusions can be Jrawn frorm the resultis
obtained in this research, &s jresented in Fig, 1=,
For an a, rosimate five cercent increeso of zmuss

b3

position of dynamie balunce (£ = Q)

%

ovarbaiance from the %
the increase in fluttcr s;eed is uite econsideravie. For a
further overvalance this increase is very swall and probably
the fiutier veiocity will actmwally decrease, Therefore it is
feit that only the trirst five percant of coverbalance eon-
tributes a, preclaviy towardas the increusge of fiutter speed,
It 1s seen that this nass overbalunce of the allercn is also.
beneficial since it eiiminuates tihe case of Torsion-Allaron
fiutter,

It 13 alsc seen fror the results that for the regior
of $=0 to % = +10%, for the case of Tersion-iilievon,
the flutter aieed decreases very ravldiy to 8 sjpeecu of
10 ft/see, for a center of gravity location of +10%. Tt is
beileved that thls fact can ve ex;lained by the low value of
e allcron Irecuency in the :rresent examiles Also on: must
not forget that tarcughout thily analysis the internal or
s0lid friction has not bésn tuicn into account, It is believed
that this factor wil. have a large influence for the regions

of low veliuvecity. The neglectiny of this internal friction



can also exvlalin the fuct that no fluiter was found for the
+10% position of the ailerun ee¢nter ol gravity., The effect
of the Internal friction muy resuit in causing an inter-
saction of the real and lauglinary roots at a low value of
the reduced wave length, and therefure Instead of no fiutter
velocity a low flutter velceity may actuall exist, This would
give to the £hree degrees of freedon ecurve a trend sirilar to
that of the lower curve ol the Torsion-Allsron case for the
egion of % = 0 to % = +40%,

The third conclusion which can be reachod 1s that as
the aiiercn center of gravity is zoved aft cof tho hinge axis,
the inertia terms, which vary as the square of the distance
0 (2b), beccme prevalent i: tne equations of equiilbrium, This
increase in eflective mass .oment of inertia causes an in-
crease In flutter sceed. This corrosrends te the resultls

shown in Fig. 12.



PLAN OF FUTURE WOHL

s s e

Lack of time has prevented the carrying of the

present work to a acre ccon, lete state., It is intended

that further caiculations pe carried out in the nsar

future to include the foiioalng lovestligaticns:

1s)

it

The région between % g and +~uU will be ilnvestigated
for more positions of the aliercen cznter ol jravity
location, -
The infiuence of fricilon daw;ing wiil be investlgated,
escecially in the nsighborhccd of low fiutter veloeities,
Since it is felt that the infiuence of control stiffness
wili have & large Infiuence in increasing ithe fiutter
velocity, this effect wilil be theroughly Investigsted,
The only parameter which willi be affecled by variation
of thls paraneter will be the alicron freguency (u%\,

since the contrels are assumed to be in leocked position,
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CALCULATION OCHe @ Fun DSiHiG INING CUnFFICIORLD

This calculation scheae 1s given in such a form
that, vroceeding progressively recu the determined wing
pararetars, one can uetarmine the coeffieclients ¢f the Real
and Imaginary Zguations for the Case of Flexure-Torsion-

3 *

Alleron Fluu.ter, These ccuatlions, as aiready

o+

Baied,

L7

arvpeaar i the fora:
teal Fguation ARz A X +B. X +C.%+@, = 0
Izaginary ‘Pguation Al = A, X+ B, X +C = ¢
vhere &, , B2, €. .o« are the coefficicnts to be deturmined,
The foliouaning eleven wing paraceters will have to
be determined by predioinary sround tests or calculations:
a, C, Xy Xi) Ky Yoy I‘;é, by Wy, Wutw(f
Koite thut three varying parameters huve been
writien with an ( )* 1in order to dencte them as variavdle,
and the game denowlnation wllil be usea four all the co-
efficients affeclied by these variable puarascters, This
progedure wiil be fellowed throughout this calculation
schene,

From the first seven origineal parameters a first

set of constants is veterminea:



x'.;’,‘
i

#

PZ_H_ (] X +* e 3
- 2o+ (e-a) (227- 8

[-'f;i'- -(3 - a) T4]

e

Ay

(T, + T)

- g

x lk(

% 9 Xp ¥ w‘z = A
F+(c-8) (-7 (1)

Bl

(p = 5~ 87y

3

7 L3

IF‘SN
|l

|

Tq Tll

=

= (11\5 = T4 ’i‘lo)

K ik

5-.'_‘(‘- - a (= an)

:

X - 3T (= Bw)
-%T4

U

-r‘%+l



The values of T are cobtained frea the T table given
on page 16 Ref.l.
The second set of coefficients is given Ly

Ay, + Ry = = A, +{(}'- )&l (% + a ‘4]
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it
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o
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1
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e
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o Flexure-iorsicg-iAileron, -

From the first set of coefficients ons deteruines:

B % IR - B 0%
bl = Chl Adl— Cd1 A py
i B 06 AR SR o
B 5 ‘.;»:x Cap = Loy C Ny
be = C, Asy~= Cap Ay,
Czl = A hy B a = # o “"‘11
By = Ay -(3 - a) By
e ¥
= , -(% - &) &4,
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S = g h - # o,

Constant Terny Coefficients:

nk

i

-1 { A%, {n) "+ ‘[;1(1,1) + Cpyl e)” }

L {ap (805 () + Cpled™s Ap(a) ‘s "p(b) 4 Cple)*}

s

(3 + a){ C.(5) "= Bo(r) + fﬁ(%)-f

A1

-

¢ {Agl(r& - Calr) + f?r{“’x}f
~

- (% +zﬁ{ Cmupp- ghup + “h“ﬁ ” Chﬁ§%+ %F“Qm}

¢ B 1an(n) - Cule) + Culy - sl + L)

+ 1 {“P3(1;) - E’LPS(I‘B} §+ h(ab’\"- 1"(’1(:’;; + '}_%i,(cz) §

g il { Cua(5) "= Bg(r) + Bg(s) - Calg)™r W(a)"+ Su(ag)”
+ E..?r {‘-..Pz(lé} - C’Pz(x;‘) + Cch:‘sa\ = ;.‘P;(SJ + _L_%g{‘ol) + %(“’z}}
B3 NI RS ENTE N SO T

{5 + a) { upz(b“} Ca, u z ‘
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Fromn these coefficients the consbunt torenms

the real and imaginapy equations can be ceterwmined,
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St 2 J R % ] PR 3 EF N w
L3 RY 4 Td, 4 B2 (o) = (q)
K 3 X
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shere

Cceffliecicnts of X :

For these coefficlents the fellowing

tergs have to be vetersined:
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’ ( Aga l.)Pa . deh P3) ( Mygts pe~ o2 A p2/

= (1 - a)(u)'s a(v)*
==(F - a)(q) - Te(w) - (p)

i

“( - @) () - () - Le(v) oo ()

0

(q)

T 3 { Aﬂ‘l“PZ o “;;A'Pz} 5 { ’:‘\12’";2 i 'uz.'"xi;n}

us o i '\“"\u"-pa i ""n(zt:\(ﬂ)
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i

(r)

—(% + &)sz - f“,—f— A(u

The next coefficients are:

Ry

1

Rse
J

5 :
= 4, + Rpa, + 25

= Qup, + R0k}
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a E o)
e e i35y | e o
for the real ana izaginary

gouations are finally given by:

i3
¢,

8

Coefficients

g =
{a) = 1,

> 2
Q5 W3

+ Uy =,

(b) 7= Iax+ Js %2

“n

Real

Inaginary

Sauation

s y A
cuydaticn

B
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SRR Sk R e 0y o e ed 3 G e fd P i
8 TOLIONINE CasSe8 [re = S;..i:,ﬂl..;..x modified form

of those given by Thecdorsen » 8nd are iisted here

more for conpvenience than neceasity,

Be Jorsion-Aiicron,
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As already stated in the paper, the fol.cowing Cases

were Investigated:

Case I, which corresponds to £ = - 10%
4 Case II, " " n f£s. b
Case 1II, - n mog =+ 1,47
Case IV, " " "o &= 10
Case V, " " n % = + 20%
Case VI, ? " " Z =4 AUk

The following wing parawmcters,

Case 1II, were used:

corresronding to

a=- 0,04 K= 1875
T= 0,20 m,= 0,111%
b = 2,65
’
x,= 0,18 r. = 0,17439
xbs 0,0007173 (1) "= ¢.0020584
w = 100 rad/sec.
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The variation of the tnree alieron parameters is

given in Table I, also Fig. ¥, while in Tabies 11, II1I, 1V
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and V the different coefficients are
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