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Abstract:

A unified structural model for higlr aspect ratio composite wing with arbitrary cross section

B developed. Two types of lay ups of the composite wing, namely, circumferentially uniform stiffness

(CUS) configuration and circumferentially asymmetric stiffness ( CAS) configuration, are investigated.

T he present structural modeling method is validated through ANSYS FEM software for the case of a

composite box beam. Then, the case of a single cell composite wing with NACAQ012 airfoil shape is

considered. To investigate the aeroelastic problem of higlr aspect ratio composite wings, the linear O N-

ERA aerodynamic model & used to model the unsteady aerody namic loads under the case of small angle of

attack. Finally, flutter speeds of the higlh aspect ratio wing with various composite ply angles are deter

mined by using U- g method.
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Highr aspect-ratio wings have come into promr
nence recently due to the interest in High Altitude
and Long Endurance (HALE) aircrafts for future
military as well as civilian missions' . Schoor!”
and Tang'** studied the aeroelastic problem of
higlr aspect-ratio wings, but they dealt with the
isotropic wing only. Because of the highperfor
mances provided by new composite materials,
anistropic composite thirr walled structures are like
ly to play an increasing role in the construction of
actual and future generation of high performance
especially for the HALE air

crafts”®!. Many researchers modeled the composite
16,7

flight vehicles,

wing as a box beam I This excessive simplifica
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tion cannot reflect the real structure of the compos-
ite wing.

T his paper deals with the higlraspectratio
composite wing with NACAQ012 airfoil shape. The
composite wing is modeled as a single cell, closed
crosssectional shell, and the asymptotically consis
tent theory for anisotropic thir walled beams'**! is
employed to derive the equations of motion of this
system. The structural modeling method for the
case of composite box beam is validated by ANSYS
FEM software. Then,
method is straightforwardly extended to the com-
posite wing with NACAOQ012 airfoil shape. The
linear ONERA aerody namic model''” is used to

the present modeling



* 26 ZHAO Yong hui, HU Har yan CJA

perform aeroelastic analysis of composite wing.

1 Structural Model

1.1 Basic assumptions

The study begins with a single cell, closed
fiber reinforced
walled shell as shown in Fig. 1 with the following

cross section, composite  thir
assumptions made for the sake of simplicity.

(1) All deformations are small enough so that
the linear theory of elasticity works well.

(2) The composite shell is a thirrwalled struc
ture. That is, its thickness and the crosssection
dimension are far smaller than wing semr span.

(3) It is reasonable to neglect the transverse
shear strains in the crosssectional displacement
field.

(4) The outof plane cross sectional warping

Is incorporated.

Fig.1 A single cell, closed cross sectional shell

1.2 Strain energy density

Fig. 2 shows the displacement field of the
composite shell, where (x, s, n) denotes the
curvilinear coordinate system of a point on the
closed contour I' in the shell crosssection, s is
measured along the tangent to the closed contour I'

X, <

zu, 4

Fig. 2 Displacement field of t he composite shell

in aclockwise direction, Uj, Uz and Us denote the
displacement components of a point at (y, z ) = (0,
0), and ®isthe twist angle, positive in the nose
up rotation. T he displacement field of the shell can

be expressed as

ui(x,s) = Ul(x) - y(s) U/z(x)— z(s) Ij3(x)+

w(x,s) (la)
uxx,s)= U(x)+ z(s)Px) (1b)
wi(xw,s) = Us(x) - y(s) Hx) (1o

where (" )= d( )/dx; w(x,s) denotes the out of

plane warping of the cross section. T he strain en-

ergy density of the shell can be wriltten as

D= %(A11Y%1+ A Vit 44 Vin+

2Ap¥11 ¥+ 4A 1YY+ 4A % Yi2¥n)
(2)
where Yii= €15 Y= €25 Yio= (1/2) €pa.
T he relation between the strain and the defor
mation gives

Yi= Ui(x)— y(s) Us(x)= z(s) Us(x) +

w (s, %) (3a)
2¥p = z(s)"P(x) ((:%— y(s)‘-P(x) (il_zs-l-
E)w(at,s) (3h)

Yo=(Uxx)+ z2(s)®P(x))*

9 1 &
{ ;/S(zs)— = g;)]+ (Us(x) -

2
(s %))[a preal é&yfﬂj)] (39

where R is the radius of curvature of the middle

surface. Note that 0» = 0. Thus, one obtains
v22=— (A Y+ 2A26¥12)/ A 2 (4)
Substituting Eq. (4) into Eq. (2) gives

O= %(A(s) Yii+ 2B(s) Yu Yo+ C(s) ¥i2)

(5)
where
2
A(s)= Au- fl_Z’B(S)z 2{1416— Ailz_izo}
A <
C(s) = 4[/166— Ay A = A_;Qijtply
(i,j=1,2,6)

Here, the stiffness A ('s) corresponds to the axial

extension; B(s) to the shear; C(s).is a coupling
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