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Buckling and Vibration analysis of a thick cylindrical sandwich panel with
flexible core using an improved higher-order theory
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, the behavior of free vibrations and buckling of the thick cylindrical sandwich panel with a
Received 11 December 2016 flexible core and simply supported boundary conditions using a new improved higher-order sandwich
Accepted 15 February 2017 panel theory were investigated. An axial compressive load is applied on the edges of the top and bottom

Available Online 11 March 2017 face sheets simultaneously. The formulation used the third-order polynomial description for the

displacement fields of thick composite face sheets and for the displacement fields in the core layer

Iégew\;’iﬁ;ion based on the displacement field of Frostig's second model. In this model, there are twenty- seven
Buckling degrees of freedom. The transverse normal stress in the face sheets and the in-plane stresses in the core
Cylindrical sandwich panel were considered. To calculate exact solution, according to thick face sheets, all of the stress components
Improved higher-order theory were engaged. The governing equations and boundary conditions were derived via the Hamilton’s

Analytical analysis principle. The effect of some important parameters such as those of thickness ratio of the core to panel,

the length to radius ratio of the core, cumferential wave number and composite lay-up sequences on free
vibration response and buckling of the panel were investigated. In order to validate the results, the
obtained results were compared with those obtained using finite element ABAQUS software. The
advantage of this paper is simplicity, integrity of method in the analysis of cylindrical sandwich panels
with the thin and thick face sheets, exact solution and consideration of important terms such as (1 +
z./R.) inequations.
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% mixed theory

* High-order Sandwich Panel Theory(HSAPT)
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Fig. 1 Geometry and coordinates of the composite cylindrical
sandwich panel
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Table 3 Geometry of face sheets in the cylindrical sandwich panel
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Table 4 The first four natural frequencies relevant to the cylindrical
sandwich panel (thin)
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Table 1 Material properties of a composite sandwich panel [27]

KSR KSR ~ g0 0 Lo
) ESDT ) sSU 33} 30 )
Uas s yol> (m,n)
5.4 312.84 3.8 295.93 307.61 @€,2)
4.41 375.39 3.02 358.83 370 1,3)
4.78 461.35 3.4 439.28 454.75 an
291 545.04 0.77 529.15 533.28 a4

E, = E, = B, = 0.1036 GPa, Gy, = Gj3 = Gys = 0.05GPa,  xa
v =0.32,p = 130 kg/m?

E, = 24.51GPa,E, = E; = 7.77 GPa, G;, = Gy3 = 3.34 GPa,
G,3 = 1.34 GPa, vy, = v43 = 0.078,v,3 = 0.49, layg,
p = 1800 kg/m3

slay, b oSy ampile Jn & by ox Jol 558 ez S Jgux
oo wlL E_z % s

Table 5 The first four natural frequ@ncies relevant to the cylindrical
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Table 2 Comparison of the dimensionless natural frequencies for the
cylindrical sandwich panel

sandwich panel (thick) Ut ooy FSDT Ut aoys  (wsSLT ol (B, (MN) o5 0)les
KW KWERRY B W S0 0 Lo 5.16 16.66 3.6 15.80 16.39 1,2)
Pl FSDT p) szl;‘ o9 52 °)

Uas Uas- ).él> (m,n) 477 16.75 2.98 15.95 16.44 1,3)
12.58  417.17 277 364.68 375.06 a.2) 511 21.52 276 20.42 21.00 (1.4)
1211  515.26 262 452.82 465.02 al 3.74 2779 133 2675 2711 15)
11.47 548.48 2.3 485.56 496.95 a,3)

! Geometric- stiffness matrix
1138 752.84 1.97 667.17 680.6 @.3) * Herex
Tie
4 Lanczos
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Table 6 Non-dimensional buckling load of the cylindrical sandwich
panel under axial compression load

Ner =100 - N RZ/(E1 h®) ) Re =Ri+h/2
oS FSDT 5, Sge JSb
o
2.806 3.388 2.707 (M=4,n=8)
2.972 3.391 2.874 (Mm=4,n=9)
3.544 3.997 3.452 (m=5,n=9)
3.556 4.013 3.474 (Mm=3,n=8)

slalgtal (mgsile Ji wne S5 5 (7)1 Jlad 2l b polie T Jgu
Table 7 buckling load of the cylindrical sandwich panel under internal
and external pressure

P.,(internal) P.,(external)
oSt ol ) sl ol ) Sy JS2
0.4542 0.4114 0.4843 0.4725 (Mm=1,n=8)
0.4595 0.4128 0.4877 0.4792 (M=1,n=7)
0.4800 0.4236 0.5061 0.4798 (m=1,n=9)
0.4825 0.4422 0.5159 0.4921 (Mm=1,n=10)
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buckling load for external pressure case
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