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Buckling and flutter analyses of composite sandwich panels under supersonic
flow
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ARTICLE INFORMATION ABSTRACT

Original Research Paper This study dealt with the flutter and biaxial buckling of composite sandwich panels based on a higher
Received 15 February 2016 order theory. The formulation was based on an enhanced higher order sandwich panel theory in which
Accepted 10 June 2016 the vertical displacement component of the face sheets were assumed as quadratic while a cubic pattern

Available Online 20 July 2016 was used for the in-plane displacement components of the face sheets and the all displacement

components of the core. The transverse normal stress in the face sheets and the in-plane stresses in the

g:mxirfﬁ'panel core were considered. For the first time, the continuity conditions of the displacements, transverse shear

High order theory and normal stress at the layer interfaces, as well as the conditions of zero transverse shear stresses on

Flutter the upper and lower surfaces of the sandwich panel are simultaneously satisfied. The aerodynamic

Biaxial buckling loading was obtained by the first-order piston theory. The equations of motion and boundary conditions
were derived via the Hamilton principle. Moreover, effects of some important parameters like lay-up of
the face sheets, length to width ratio, length to panel thickness ratio, thickness ratio of the face sheets to
panel, fiber angle, elastic modulus ratio and thickness ratio of the face sheets on the stability boundaries
were investigated. The results were validated by those published in the literature. The results revealed
that by increasing length to width ratio, length to panel thickness ratio and elastic modulus ratio of the
face sheets, the stability boundaries were decreased and the largest nondimensional buckling loads
occurred at the angle ply sandwich panel.
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Table 2 Material properties of a composite sandwich panel
E, = E, = E5 = 0.1036 GPa, G;, = G5 = G,3 = 0.05 GPa,
v =0.32,p = 130 kg/m?
E, = 2451 GPa,E, = E5 = 7.77 GPa, Gy, = Gy3 = 3.34 GPa,

G,3 = 1.34 GPa, vy, = vi3 = 0.078,v,3 = 0.49, bayy,
p = 1800 kg/m?
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Table 5 Material properties of a composite sandwich panel with
honeycomb core

E11/Eq; = 19,Ey; = E3,Gy3c/Eq = 0.52, G230/ E2, = 0.338, loys,
Vip = V13 = 0.32,v,3 = 0.49. i

Ere/Eyr =32 < 105, By /Eyy = 2.9 % 10°° Es, /By = 04, -
Guse/Eyr = 7.9 X 1072, Gyao /Eyr = 6.6 x 1072,
Vige =099, v5. = vp3, = 3% 1075,
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Table 6 Comparing the dimensionless buckling load of the laminated
sandwich panel with honeycomb core
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Table 3 Comparing dimensionless natural frequencies of a composite
sandwich panel with cross ply lay-up
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Table 4 Comparing dimensionless natural frequencies of a composite
sandwich panel with angle ply lay-up

oSS ol Je 2 o3
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! Mixed layerwise theory
2 Higher order shear deformation theory
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Fig. 2 Variation of dimensionless buckling load with the length to
panel thickness ratio
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Fig. 3 Variation of dimensionless buckling load with the length to
width ratio

Fu 22 Job i b dm o 15leS (595 Dl 3 S

7 o )lois16 095 1395 e (yuide Suille wiiie

655 @S b g% Gl clie cnl )3 ool &l wox 5,955 5l Jol>

S5 50 Sl 4 az sl b mls o WS 3)ls SdlS (595 9 el
ol grds il ool YU a4 o (5555 5l ol

&l ol Gubiss 5l ol mls & Lise 0 alie ol gl 4o

Al dales

Con g i -6
L_;L:r:d.:g: S8 g GileS (5):.o|)b: adllas 5l Jol> =l yisu R

DS Gy 59y 2 iy colid & Job Conid S oy -1-6
S yo (R 9Nle Sy 0595090

L8y g9y 2 (@/h) Ju s 4 Job o Sl )y i5u cnl o
S g 03l (650 Julpd b (oripe S0 (Zugaile iy 0)95me90 ileS
by )50 dlge ol 0gdie (o 0.06 IS Cualid 4 ay; Culis
G955 iz ol 005 03,519 Jpaz ) s 5 S o sl ol
Lol 00l (238 OLSG Sz 50 2 0 RS

4 0190707 win / 0/90/0] aslais 4y iliso e au
ez eizes 5 [45/-45/45/ n | 45/-45/45|  slessl;
2 S5 o ol nh 4185 L5 4o [30/-30/30/ e / 30/-30/30)
i oppmags a8 il s 2 (a/h) Jiy culied 4 Jsb cons S
Seboles Ll ol ools lis Al oY aw glp (mgsile S 4o
a2 gl J culrs 4 Job cans Gil38l L aes oo L 2 IS oS
JB LS, S oo oy alS g LS (595 Alise ozranY
P e Jy s 4 Job Cod SRl AT Lz g i
Wb ;S o slul Gog Col b dis Culis dax ja g oo S obb
0 OB 5 LS (59 A 3 5 3900 feS (phed (S (e
Ju Cubis @ Job Cund Gln & wad e L 2SS mizes 0l
Swe GRS G (e LS lasly sera¥ b J 10 51 5555
o
S e iy o b, IS slge olym T Jgaz

Table 7 Material properties of a composite panel

E; = 68.948GPa, E, = E; = 6.895 GPa, G,, = G5 = 2.275GPa,
Gz = 1.034 GPa, vy, = V33 = vp3 = 0.3
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Table 8 Comparing the critical dynamic pressure for the laminated
panel

ﬂcr:ﬁa a3 / D11(0) a’h alb
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oS o9 &9 GoFs G
44.75 39.2 - 160.60 151.5 10 1
54.6 52.7 222.7 - 206.1 100
58.39 52.9 - 282.25 266.6 10 2
141.88 136.3 684.06 645.9 100

S o gl Jo y0 48 5 0lge el 9 Jgu
Table 9 Material properties of a composite sandwich panel

E1= E; = E3 = 6.89 MPa, Gy, = G13 = G3 = 3.45 MPa,

-
v =10.22p =130 kg/m?

E, = 131 GPa,E, = E; = 10.34 GPa, G, = G,5 = 6.895 GPa,
Gys = 6.205 GPa, vy, = vy3 = 0.22,v,5 = 0.49,
p = 1627 kg/m3
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Fig. 5 Variation of damping (%) with the dimensionless critical
dynamic pressure for E;/E;, = 3
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Fig. 6 Variation of dimensionless critical dynamic pressure with the
elastic modulus ratio of the face sheets
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Table 10 Material properties of a sandwich panel
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Fig. 8 Variation of dimensionless critical dynamic pressure with the
thickness ratio of the top to the bottom face sheets
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Fig. 9 Variation of dimensionless critical dynamic pressure with the
thickness ratio of the bottom to the top face sheets
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