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A novel smeared method for investigating the free vibrations of sandwich
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In this study, an analytical model was presented for investigating the free vibrations of sandwich conical
shells with lattice cores. A novel smeared method was employed to determine the stiffness contribution of
the stiffeners. In this approach, the lattice core was approximated with an equivalent composite conical
shell. The stiffeners were considered as a beam which support the shear loads and bending moments in
addition to the axial loads. For this purpose, the stiffness contribution due to the stiffeners was firstly
determined through the forces and moments analysis of a unit cell and then superimposed with those of
the inner and outer skins in order to obtain the stiffness parameters of the whole structure. The governing
equations were deduced using the classical shell theory of Donnell type and Galerkin method. In order to
validate the analytical results, a 3-D finite element model was also created using ABAQUS software.
Comparison of the results, revealed good agreements between the two approaches and demonstrated that
the proposed analytical model is qualified enough to investigate the free vibrational behavior of sandwich
conical shells with lattice cores. Results given are novel and can be used as a benchmark for future
studies
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Fig. 6 Mode shapes of the sandwich conical shell under
clamped-clamped end conditions
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Table 5 Comparison of the results obtained by CLT and FEM for
different skin thicknesses

%) s FEM CLT (mm)t, (mm)t,
2.59 2575 2510 1.8 1.6
2.62 2583 2517 1.6 18
2.73 2600 2531 1.6 2
2.50 2581 2518 2 1.6
2.51 2617 2553 2 22
2.52 2611 2547 2.2 2
2.43 2618 2556 2.4 2
2.38 2629 2568 2 2.4
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Table 6 Comparison of the results obtained by CLT and FEM for
various lamination angles

%0) s FEM CLT ey

(P9 Moy (90 Mg
0.48 2931 2917 [30/-30/30/-30] [0/90/0/90]
1.29 2521 2554 [0/30/0/30] [0/30/0/30]
0.07 2912 2910 [0/30/0/30] [0/90/0/90]
2.52 2927 2855 [0/60/0/60] [0/60/0/60]
4.25 3364 3227 [0/90/0/90] [0/90/0/90]
2.39 2492 2553 [30/-30/30/-30] [30/-30/30/-30]
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Table 4 Comparison of the results obtained by CLT and FEM for
different mode numbers

%) > FEM CLT (m.n)
0.52 2492 2505 (1,0)
0.33 2434 2442 1,1)
004 2280 2279 1,2)
2.80 2132 2074 1,3)
8.41 2036 1878 1,4)

11.54 1924 1725 (1,5

(m,n)=(1,0)

(m,n)=(1,1)

(m.n)=(1,2)

(m.n)=(1,3)
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