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Aeroelastic Tailoring of a Composite Wing
with a Decoupler Pylon as

a Wing/Store Flutter Suppressor

I. Lottati*
Technion—Israel Institute of Technology, Haifa, Israel

An analytical investigation was conducted to determine the influence of the decoupler pylon on the aeroelastic
behavior of a composite, rectangular wing. It is assumed that the wing is carrying a fuselage at its semispan and
an external store attached to a decoupler pylon at a various station along the wing's span and that the aircraft is
in a free-flight condition (unrestrained vehicle). Passive soft-spring/damper elements are used to decouple wing
modes from store pitch modes. The effect of some parameters on the ability of the decoupler pylon to suppress
flutter are analyzed. It is shown by analysis that the decoupler pylon provides substantial increase in flutter speed
and that the ability of the decoupler pylon to suppress flutter is influenced mainly by the spanwise and chqrdwise
pivot point location of the external attached store. Furthermore, it is shown that the aeroelastic tailoring of the
wing and angle of sweep have a major influence on the flutter instability of the configuration.

Introduction

H IGH-PERFORMANCE aircraft are required to carry
many combinations of external wing-mounted stores.

Some of these stores are critical from the design standpoint of
preventing dangerous aeroelastic instabilities within the re-
quired operational flight envelope. Flutter can be prevented
passively by either relocating the store spanwise and/or
chordwise or by tuning the pylon stiffness characteristics.1"4

The flutter speed can be raised by applying more advanced
methods involving active control technology.5'8 The
decoupler pylon4 is a new passive system that has been
shown in exploratory studies to be effective in suppressing
wing/store flutter instability. The decoupler pylon
dynamically isolates (or behaves like a vibration absorber or
as a decoupler) the wing from store pitch inertia effects by
providing a low store pitch frequency. Flight tests9 con-
ducted by the decoupler pylon recently demonstrated the
ability of this passive method to suppress wing/store flutter
instability.

In this paper, the effectiveness of the decoupler pylon is
demonstrated by analysis for a free-free aircraft and the
results of parametric study by variation of some important
parameters that affect flutter are presented.

Aeroelastic Analysis of the Free
Aircraft with Decoupler Pylon

This analysis considers a high-aspect-ratio rectangular
swept wing. The uniform rectangular wing is taken as a
beam-like surface carrying a fuselage at the semispan and
concentrated store attached to a decoupler pylon at various
stations along the wing's span (see Fig. 1). It is assumed that
the resulting box-beam wing structure is such that its defor-
mation may be presented by a bending deflection h(y),
positive downward, along a straight reference axis (axis of
rotation) and a rotation a(y), positive nose up, about this
axis (see Fig. 2c). In addition, it is further assumed that the
wing chordwise sections, perpendicular to the beam's
reference axis, are rigid so that the wing deformation is a
function only of the spanwise coordinates y. A schematic il-
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lustration of the decoupler pylon system studied herein is
shown in Fig. 1. The store is pivoted by an angle /3 around a
pivot point, which is not necessarily the same as a. in this
spanwise location. Frequency and damping of the store pitch
mode are controlled by passive spring/dashpot elements.

As stated, the deformation of the wing is assumed of the
form

w(x,y)=h(y)+Xaa(y) (1)

where Xa=x—b-a.
Using the box-beam model, the equivalent bending and

torsion stiffnesses EIb and GJ, respectively, may be com-
puted by employing the strain energy method. The strain
energy U for a symmetric anisotropic laminated plate is
given as10

u d2w
dx2 dy2

82w

(2)

where Dtj are the flexural moduli for TV ply laminate with ply
angle orientation 6 and w the transverse deflection of the
plate, positive downward (see Fig. 2b). a{p stands for angle
of attack of the wing at the y = lp spanwise location.

The kinetic energy of the system is given by

1 tbP2 ( d\V I— p, (*)(__ J
2 J*!Pi \ at \y=i/

d* (3)

where p(x,y) is the material density of the wing and pp(x)
and pf(x) the density of the pylon and fuselage, respectively.

Pl and bp2 are the forward and the rearward coordinates of
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the pylon, while b^ and bf2 represent the fuselage coor-
dinates, respectively.

The deflection of the store is given by

M > l v _ / =/*, +X-fD(&-al )+Xa& (4)y-'p lp JP^ 1
P' a^ ^ '

where hlp is the wing bending deflection at the wing's axis of
rotation at the y = lp spanwise location.

The virtual work expression is given by

(5)

where L is the aerodynamic lift, positive upward, and Mthe
aerodynamic moment about the wing axis of rotation,
positive nose up. The aerodynamic forces due to the fuselage
and pylon are not taken into account in the analysis. The
aerodynamic forces due to the store are very difficult to
assess and usually they are omitted (see Refs. 4, 12, and 13).

Applying the principle of minimum potential energy, one
gets the following governing differential equations of
motion:

d4h
~W + #2 dy4 + K dy3 + m- d2h

dt2

-GJ- dy2
82h d2a

a dt2 +Ici~~W (6)

where
f *m = mass per unit span, = I pdx
J —b

f *EIb = beam bending stiff ness, = I D22dx
J — b

(b

GJ =torsional stiff ness, =4 \ D^dx
J —b

f b
K = bending-torsion cross-coupling stiff ness, =21 D26dx

J —b
A positive K provides a wash-in elastic coupling
(bending up/twist up or - A/z/ + Aa)

S = torsional stiffness due to rigidity in tension (warping
r f t

effect), = D22Xa
2dx

J —b

Xa = section mass moment of inertia (per unit span) about

wing axis of rotation, = ( \ pXadx) m

Ia = section mass moment of inertia of wing (per unit
pbpb

span) about wing axis of rotation, = \
J —b

f *d22 = coupling term due to a ̂  0, = \ D22Xadx = - abEIb
J —b

?b
d26 = coupling term due to a ̂  0, = 2 \ D26Xadx = - abK

J —b

To get the boundary conditions for this system and to take
into account the concentrated mass at y = lp, it is essential to

fuselage

v cos x

C.G.py lon a store

axis of rotation

C.G.wing section

Fig. 1 Wing and decoupler pylon system and geometrical
definition.
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<f> * a sin X - -T— cos X

Fig. 2 Slender swept wing planform, lamina orientation, displace-
ment assumptions, and a vector diagram of the elastic deformation
and the pitch and roll of a swept wing.
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split each of the integrals of the potential and kinetic energy
[Eqs. (2) and (3)] into two subintegrals, namely,

c' rfe r 7
ldy= \ ldy + IdyJo Jo J /„ (7)

Performing the necessary algebraic steps, one gets the
boundary conditions for the unrestrained aircraft. For y = 0
(root section),

shear condition

EIh

cosX

torque and moment condition

A / d3h d2h o d3a ^Tda\cosX (d22——=—K—=- + S—-=— G/——)V 22 ay3 ay2 ay3 ay /

(8a)

dy3 dy2 dy3

d2h d2a da

(8b)

for an infinitesimal small distance),
shear condition

a3/? a3 a d2a

(Xfr+Ep)-
01 -L"

torque and moment condition

dy3 dy2 dy

+MP cosX^p-^ -XfpE?(

lp+l

(lOa)

dy / l+e

COSX__+ sinx___

no roll condition

- cosX- dh
dy

warping condition

d2h d2a

+ sinX a = 0

Zdy

(8c)

(8d)

where Mf is half of the mass of the fuselage, Ef the distance
that the center of gravity of fuselage lies behind the wing
axis of rotation, and Kf the radius of gyration of the
fuselage about the wing axis of rotation. Furthermore X is
the wing's angle of sweep, positive backward.

The boundary conditions at the wing tip (y = l) are

shear condition

d3a d2a
-^-^-K-—^ = 0

torque condition

d3h d2h
22 a.y3 dy2

moment condition

d2h d2aEI»-^+d--w-
warping condition

, d2h „ d2a

d3a da
——r + GJ—- = 0dy5 dy

da
~W

dy

- = 0

(9a)

(9b)

(9c)

(9d)

=0

moment condition

d2h d2a da

(lOb)

^ 22--—r -—-dy2 dy2 dy lp.e

d2h d2a . da
dy2 '-" dy2 dy /lp+6

f d2h / d2a
+ Mp sinX [^-^2—— XfpEp VCOsX~a?~ + SinX"

a2/?

d3h

=o (10c)

warping condition

/ d2h „ d2a
(d22-^-r+

where Mp is the mass of the pylon and store, Ep the distance
that the center of gravity of the pylon and store lies behind
the wing axis of rotation, and Kp the radius of gyration of
the pylon and store about the wing axis of rotation.

On the other hand, h, dh/dy, a, and da/dy are continuous
across y = lp. Hence,

ll"+" LdyjL-, dy V,

The concentrated mass at y = lp causes a discontinuity of
the shear, torque, and moment that are of the form (e stands r i ' r i f da 1 f dot 1laJip-c = l « J i p + f > I~^T~J = I"aT"! (H)
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The a and h (of the wing) at y - lp are related to j8 (pitch
angle of the store) in the form

cosXa + sinX - Mp (Xfp + Ep )

The aerodynamics required to solve these aeroelastic equa-
tions generally varies in levels of sophistication. Due to the
complexity of the problem and in order to establish trends,
the unsteady aerodynamic strip theory14 shall be employed.
The expressions for the aerodynamic forces are given in Ref .
15, as well as the expression for the approximation of the
Theodorsen function C(k) applied in the analysis.

The problem is solved exactly assuming an exact solution
of the forms

h
~b~

and

_h_
~b~

and a=

and «=

for

for

(13a)

(13b)

where r]=y/l and T = ̂ /EIb/ml4t are the nondimensional
span wise coordinate and time, respectively, and <j = 6 + /co,
where 6 is the damping and co the frequency of the oscillating
wing (6 and co assumed real). Furthermore, ^p — lp/l the non-
dimensional span wise location of the pylon and store.

The 16 Hi and Af unknown constants should be adjusted
so as to satisfy the boundary conditions given by Eqs.
(8-11).

Incorporating the expressions for the assumed solution
[Eqs. (13)] in the governing equations (6) and the boundary
conditions [Eqs. (8-11)], one gets the following nondimen-
sional set of equations:

(14a)

(14b)

- r cosX// + AR sin\A = 0

-ar2H+ (sar2-akar)A = 0
where mf = Mf/ml, ef = Ef/b, and kf = Kf/b.

For i\ = 1 (wing tip), the boundary conditions are
kar2)A ] er = 0

[ ( -ar3 -kar2)H+ (V
3 -ger)A]er =

[r2H+ ( -ar2 + kar)A ]er = 0

[ - ar2H+ (sar2 - akar)A ]er = Q
and for rj-rjp (pylon spanwise location)

(15c)

(15d)

(16a)

(16b)

(16c)

(16d)

-mpa2[(l+eprsin\/AR)H+epcos\A]

[ ( -ar* -kar2)H+ (sar* -ger)A]^_,

- [ ( -ar*-kar2)H+ (sar* -ger)A] v+e

-mpcos\ff2 [ (ep + kp
2r sin\/AR)H

=0 (17a)

+ kp
2

[r2H+

(17b)

_,- [r2H+ (-ar2

+ mp (sm\/AR)a2 [ (ep + kp
2r sin\/AR)H

+ kp
2

[ -ar2H+ - [ -ar2H
(17c)

(17d)

where mp =Mp/ml, ep =Ep/b, kp =Kp/b, and

+«)«* =0

(18)

The pitch angle of the pylon J3 is related to the motion of
wing in the form (assuming 0 = Berr*p e°T)

I [cosM + (sin\/AR)rH] - (xfp + ep)a2 [H-xfp [cos\A + (sin\/AR)rH]

where
xa =Xa/b, AR = l/b, ke =K/EIb

ka = keAR, sa = S/b2EIb, gg = GJ/EIb

ge=gg(AR)2,Ie=I(x/mb2
9 Q = Trpv2l4/EIb

xfp=Xfp/b,xp=Xp/b

where Lh, La, Mh, and Ma are the aerodynamic coefficients
(given in Ref. 15).

The boundary conditions, given in a nondimensional
form, for 77 = 0 (root section) are

ar2)A + mfa2 (H+ efA/cos\) = 0 (15a)

cosX[ ( -ar3-kar2)H+ (sar3 -ger)A] +AR sm\[-r2H

+ (ar2-kar)A] +mfa2(efH+kf
2A/cos\)=Q (15b)

where u%=KfpX%/Mp is the store and pylon natural fre-
quency and 2%pup = CfpX2/Mp the dashpot damping
coefficient.

It should be noted that the damping of the store pitch
mode %p is incorporated in the analysis by analyzing forces
and moments acting on the store and wing.

To obtain a nontrivial solution, the determinant of the
system of Eqs. (14) has to be zero [A(r,a) =0, forming the
characteristic polynomials in r and a of the problem]. For
prescribed a, the zero determinant condition [A(r,a)=0]
has to be applied to obtain the root ri of the characteristic
polynomials of the system. The roots r, with the prescribed a
has to satisfy the boundary conditions given by Eqs. (15-18).
Thus, to satisfy the boundary conditions, the determinant of
the set of linear equations (15-18) has to be equal to zero
[Afc(r,a) =0] to reach a nontrivial solution.

The combination of co and Q (minimum) fulfilling the con-
ditions A(r,a) =0 and Ab(r,a) =0 so as to bring the system
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Fig. 3 Frequency and damping of the fundamental aeroelastic
modes (first and second bending and torsion) and the rigid-body
mode vs dimensionless airspeed for a rigid pylon mounted at the tip
of an unswept wing.

Table 1 Properties of rectangular wing 041? = 6.16)

m= 149.5 Ib
£4 = 18.09xl06 Ib-ft2

G/=4.68xl06 Ib-ft2

p = 2.3769 x 10 ~3 slug/ft3

mf= 1.2757
mp = 0.3641
6 = 3.15 ft

/ - 19.4 ft
*a = 0.16
a = -0.36
e/= -0.455
ep=0
kf = 2.2759
kp = 0.6603

from neutral stability (6 = 0) to instability (6>0) are the con-
ditions at which the wing will undergo dynamic (w^O) or
static (o) = 0) instability. The numerical procedure of the
solution is outlined in the Appendix of Ref. 15

It should be stated that the rigid-body modes are affecting
the dynamic system through the boundary conditions at the
root section of the wing. The ability of the fuselage to
oscillate in pitch and heave simulates what is usually referred
to as the rigid-body modes of the unrestrained vehicle.

Applications
The difficulties involved in investigating the flutter of a

system is the large number of possible parameters affecting
the analysis. The numerical example given by Goland and
Luke16 is selected as a case study. This example consists of
an aircraft having a rigid fuselage and carrying a store at-
tached to a pylon in various spanwise wing locations in a
symmetric free flight (unrestrained vehicle). The vehicle has
a uniform rectangular wing (AR = 6.16) of constant mass per
unit span with the properties listed in Table 1.

This numerical example was studied among others by
Housner and Stein17 and Lottati.11 The study herein is con-
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Fig. 4 Frequency and damping of the fundamental aeroelastic
modes and the rigid-body mode YS dimensionless airspeed for a soft
decoupler pylon mounted at the tip of an unswept wing («p=0.5,
*/p=0, fp=0).

ducted while taking into account the d22,d26, and warping
term sa.

The configuration of the rigid pylon (and store) at the tip
is taken as reference. Figure 3 presents the variation of the
frequencies and damping of the first and second bending and
torsion elastic modes and the rigid-body mode vs the non-
dimensional velocity of the flow (u = v/vref, where t;ref = 400
mph) for the pylon mounted rigidly. Figure 3 illustrates how
the frequency of the first torsion mode (Itr) drops while in-
creasing the velocity u until it interacts with the first bending
mode (Ibd) and fluttered at ucr = 1.41 ucr = 3.637.

To test the ability of the decoupler pylon to suppress flut-
ter instability, the spring is softened to get a "soft"
decoupler pylon of o>p = 0.5 without damping (£p = 0) and
Xfp = Q (pivot point located at the wing axis of rotation).
Figure 4 shows the variation of frequencies and damping of
the elastic and rigid-body modes of the system. Figure 4 il-
lustrates a classical interaction of the Ibd and Itr modes to
develop flutter instability at ucr = 1.598, cocr = 3.841.

Figure 5 presents the variation of the frequencies and damp-
ing of the modes vs the velocity of the flow for a
"tuned" decoupler with up = 4 and without damping (£p = 0)
and xfp = Q. The results of Fig. 5 show that the frequency of
the Itr mode is decoupled from the Ibd mode as expected (see
Ref. 4) and fluttered at a very high velocity (beyond the range
of scale in Fig. 5), but the pylon mode (pym) interacts with the
Ibd mode to undergo flutter at ucr = 1.411, o>cr = 3.545. It
should be noted that the amplitude of the pitch angle of the
pylon ft may approach infinity, indicating resonance when
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Fig. 5 Frequency and damping of the fundamental aeroelastic
modes, rigid mode and pylon mode vs dimensionless airspeed for a
tuned decoupler pylon mounted at the tip of an unswept wing
(«p=4,jt /p=0, Jp=0).

[see Eq. (19), assuming no damping %p = 0],

(20)

The Itr mode does not flutter due to the fact that the pylon is
behaving as a vibration absorber. The pym mode is not plot-
ted in Fig. 3 due to the fact that, for a rigid pylon, the fre-
quency of pym is infinity large. Furthermore, the pylon
mode is not plotted in Fig. 4 due to the fact that, for a soft
decoupler pylon, the frequency and damping of the pym
mode is too low to be traced.

Figure 6 depicts the critical frequency and velocity at flut-
ter vs the spring natural frequency up of the decoupler
pylon. The results of Fig. 6 show that the system with the
tuned pylon [0.7< (wp/a>M)<1.5, where coM=3.52 is ap-
proximately the frequency of the Ibd mode of the system at
vacuo] will undergo flutter instability at about the same flut-
ter velocity as the system with the rigid pylon. The very same
conclusion may be drawn from Fig. 7, which shows the
critical frequency and velocity at flutter vs the spring natural
frequency co^ for a pylon at ^=0.5 of the wing's spanwise
allocation. The flutter velocity of the system with the pylon
allocate at rjp = 0.5 is lower than the critical velocity for the
system with the pylon allocate allocate at the tip (^ = 1). The
results of Figs. 4-7 indicate that, for zero xfp (pivot pylon
allocate at the rotation axis), the decoupler pylon is not ef-
fective as a passive flutter suppressor.

Figure 8 illustrates the variation of the flutter velocity of
the system vs the natural frequency of the spring cop for
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( I b d )

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 ,

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

Fig. 6 Variation of the critical frequency and velocity of the system
vs the natural frequency of the decoupler pylon's spring while the
store is mounted at the tip of an unswept wing (£p = 0, xfp = 0).
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8.0

6.0

4.0
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1.0 2-0 3.0 4.0 5.0 6.0 7.0 8.0 (jjD

Fig. 7 Variation of the critical frequency and velocity of the system
vs the natural frequency of the decoupler pylon's spring while the
store is mounted at the middle of the semispan of an unswept wing

various values of damping coefficient (Xfp = 0 and the pylon
allocate at the tip T\P = 1). The results of Fig. 8 show that, for
a zero damping coefficient (^ = 0), the curve of the flutter
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Fig. 8 Variation of the critical velocity of the system vs the natural
frequency of the decoupler pylon's spring while the store is mounted
at the wing's tip for various values of the dashpot damping coeffi-
cient (Xfp = 0) for an unswept wing.
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Fig. 9 Variation of the critical velocity of the system vs the location
of the decoupler pylon's pivot point while the store is mounted at
the wing's tip for various values of the dashpot damping coefficient
(wp = 0.5) for an unswept wing.

velocity is a discontinuous one with respect to <ap due to the
resonance phenomena shown in Figs. 6 and 7. For %p >0, the
variation of the flutter velocity is a continuous curve with
respect to up. The results of Fig. 8 indicate that the damping
does not affect the flutter velocity of the systems.

The variation of the flutter velocity of the system vs the
variation of the pivot point xfp for various values of the
damping coefficient is shown in Fig. 9 (o^ = 0.5,7^ = 1). The
results of Fig. 9 reveal that the location of the pivot point
(Xfp parameter) has a significant influence on the flutter
velocity of the system. Moving the pivot point forward con-
siderably increases the flutter velocity of the system. Flight
tests made to test the ability of the decoupler pylon to sup-
press flutter are reported in Ref. 9. The flight tests were con-
ducted with pylons that use a unique two-link pivoting ar-
rangement which functions as a virtual or remote pitch pivot
at the store center of gravity, thus reducing the store pitch
moment on the wing due to inertial loads, maneuvers, and
aerodynamic loads. The results of Fig. 9 show that the flut-
ter velocity is increased while moving forward the pivoting
point (increasing xfp)t tending asymptotically to an increase
of 70% in the flutter velocity over the rigid-pylon flutter in-
stability for x//7>0.8 and ̂  = 0. The results of Fig. 9 show
that increasing the damping coefficient lowers the flutter
velocity of the system. The location of the pivot point for
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Fig. 10 Frequency and damping of the fundamental aeroelastic
modes and rigid-body mode vs the dimensionless airspeed for a soft
decoupler pylon mounted at the tip of an unswept wing (wp = l,
^P = 0.6, «p = 0).
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Fig. 11 Comparison study between the rigid pylon and a soft
decoupler pylon of the variation of the critical velocity of the system
vs the spanwise location of the decoupler pylon (wp = l, £p=0,
Xfp = 0.6) for an unswept wing.

the pylon is frozen at the value xfp = 0.6 for the rest of the
parametric study reported hereafter.

Figure 10 illustrates the frequencies and damping of the
modes vs flight velocity for a forward pivot point location
for a soft decoupler pylon (xfp = 0.6, 0^ = 1, ̂  = 0, and the
pylon allocate at the tip rjp — 1). The results of Fig. 10 in-
dicate that the rigid body mode (rbm) interacts with Itr to
undergo flutter instability. The second bending mode (2bd)
mode also undergoes flutter instability at a slightly higher
velocity than the flutter velocity of the rbm. It should be
noted that the frequencies of Ibd and rbm cross (coalesce)
without causing instability.18
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Fig. 13 Comparison study between the rigid pylon and a soft
decoupler pylon of the variation of the critical velocity of the system
vs the sweep angle of the wing (wp = 1, Xfp = 0.6, v\p = 1, £p = 0).

Figure 11 depicts the variation of the flutter velocity of the
system vs the wing spanwise location of the pylon for a for-
ward pivot point location 0^ = 0.6, cop = l, and £p = 0). The
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Fig. 14 Comparison study between the rigid pylon and a soft
decoupler pylon of the variation of the critical velocity of the system
vs the sweep angle of the wing (wp = 1, Xfp =0.6, yp =0.6, £p = 0).

results shown in Fig. 11 indicate that the decoupler pylon is a
very good passive flutter suppressor device for spanwise
store station located toward the wing's tip. The effectiveness
of the decoupler pylon diminishes as a flutter suppressor as
the location of pylon is moved toward the wing's root
(i)p <0.5). The flutter velocity of the 2bd mode is not plotted
in Fig. 11 due to the fact that it fluttered at a higher velocity
compared to the velocity of the rbm indicated in Fig. 11. The
decoupler pylon behaves like a vibration absorber, which ex-
plains its ability to effectively suppress flutter when mounted
at the wing's tip where the elastic vibration of the wing is
more enhanced.

The critical velocity and frequency of the system for a for-
ward pivot location (x/p = 0.6, £p = 0, and pylon allocate at
the wing's tip ^ = 1) vs the natural frequency of the
decoupler pylon up are shown in Fig. 12. The results of Fig.
12 indicate that, for the decoupler pylon to be an effective
passive flutter suppressor, the natural frequency of the
decoupler spring has to be less than two (cop<2). The in-
fluence of angle of sweep of the wing and the cross-coupling
stiffness on the flutter velocity characteristic of the system is
analyzed hereafter.

Figure 13 depicts the influence of the angle of sweep of the
wing on the flutter velocity instability of the system
(jc//? = 0.6, o>p = l, ^ = 0) for a pylon mounted at the wing's
tip 0?p = l). The flutter velocity of the system for a rigid
pylon is indicated as reference. It is seen that the ability of
the decoupler pylon to suppress the flutter velocity of the
system declined as the sweep angle of the wing is increased
backward. For a forward-swept wing (FSW) (X<-3 deg),
the flutter of the 2bd mode determines the velocity instability
of the system. The ability of the decoupler pylon to suppress
flutter is impressive for the FSW configuration.

Figure 14 demonstrates the variation of the flutter velocity
of the system (cop = l, x//7 = 0.6, and £p = 0) vs the sweep
angle of the wing for a pylon located at 60% span (TJP = 0.6).
It is seen that the decoupler pylon is able to eliminate flutter
for a FSW (X< - 14 deg), but is doing a very poor job for a
backward-swept wing.

Aeroelastic tailoring relies upon interaction or coupling
between shear strain and normal strains such as might be
found in anisotropic laminate (or an orthotropic laminate
rotated with~respect to some reference axis; see Fig. 2b).
Such normal/shear strain coupling leads to coupling between
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Fig. 15 Variation of the critical velocity of the system vs the cross-
coupling stiffness coefficient for a soft decoupler pylon located at
two different spanwise wing's stations (^=0.6 and 1) for an
unswept wing (up = 1, xfp = 0.6, £p = 0).
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Fig. 16 Variation of the critical velocity of the system vs the sweep
angle of the wing for various values of the cross-coupling stiffness
coefficient for a soft decoupler pylon mounted at the wing's tip
(«p = l, */p=0.6, £p=0).

bending deformation and twisting rotation about a reference
axis when loads are applied along this axis. The coupling
between bending and torsion is introduced in the analysis
through the D26 flexural moduli [see Eq. (2)], which upon
integration became the K parameter (ke dimensionless).
Figure 15 illustrates the influence of the bending torsion
cross-coupling stiffness on the flutter velocity of the unswept
wing (Xfp = 0.6, 0)̂  = 1, £p = 0, and X = 0) for two wing span-
wise locations of the pylon (rjp = 1 and 0.6). It is seen that
slightly positive cross-coupling stiffness (ke>0.025) can
eliminate flutter for the 17 = 0.6 case. The results for the

rjp = 1 case indicate that positive cross-coupling stiffness con-
siderably lowers the flutter velocity of the 2bd mode, while
negative cross-coupling stiffness appreciably lowers the flut-
ter velocity of the rbm mode. The results of Fig. 15 indicate
that, for the unswept wing, a slightly positive cross-coupling
stiffness (£0-0.03) may be beneficial for the decoupler
pylon located at i\p = 0.6 as well as for the f\p = 1 case.

Figure 16 depicts the combined effect of the cross-coupling
stiffness and the sweep angle of the wing on the flutter
velocity of the system for a pylon mounted at the wing's tip.
The results of Fig. 16 show the complexity of the aeroelastic
stability behavior of the system, while investigating the in-
fluence of two parameters of major importance: sweep angle
of the wing and cross-coupling stiffness.

It should be noted that, due to the many parameters caus-
ing the coupling between the bending, torsion, and rigid-
body modes, it is very difficult to draw general conclusions.
Furthermore, the example tested has a single lifting surface,
while an aircraft usually has more than one lifting surface.
The horizontal tail or canard aerodynamics may significantly
affect the rigid-body modes and thus the coupling with the
elastic modes of the wing. The method may be applied to a
more realistic configuration without extensive modifications
and effort.

Conclusions
A simple and effective analytical model to investigate the

concept of the ability of the decoupler pylon to suppress
wing/store flutter is introduced. A rectangular wing with a
single store is used as a basis for the study, while including
the rigid-body modes of the aircraft in the analysis. Despite
the limitations imposed upon the study by the model's
restriction assumptions, it seems that the model contains
essential features that enable the study of the stability
behavior of the system. The rigid-body modes of the aircraft
plays an essential roll in the stability behavior of the
wing/store configuration. The study indicates that the
decoupler pylon is an effective passive flutter suppressor
device and that its ability to suppress flutter is affected by
many parameters besides the stiffness of the decoupler pylon
spring. The location of the pylon's pivot point, the spanwise
location of the decoupler pylon, and the angle of sweep of
the wing are some of the parameters that considerably affect
the dynamic behavior of the system. Furthermore, it is
shown that the aeroelastic tailoring of the wing has a major
influence on the flutter instability of the configuration.
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