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Experimental and numerical free vibration analysis of composite sandwich
cylindrical shells with lozenge cores

Davoud Shahgholian-Ghahfarokhi,Gholam-Hossein Rahimi®, Ahmad Ghanadi

Department of Mechanical Engineering, Tarbiat Modares University, Tehran, Iran.
*P.0.B. 14115- 111, Tehran, Iran, rahimi_gh@maodares.ac.ir

Keywords Abstract

grezw_brﬁtlﬁn“ Due to unique properties, lattice composite shells are used extensively in aviation, marine and automotive
andwich sne industry .The aim of this research is experimental and numerical free vibration analysis of composite sandwich
Lozenge core o . . . - > S
: g cylindrical shells with lozenge cores. For the fabrication of this shells, silicone mold, filament winding, and hand
Filament winding ! - - . .
Taguchi method lay-up method were used. Stiffened shells and simple shells are fabricated, separately. Then, composite sandwich
cylindrical shells with lozenge cores were created by attaching the two parts together. The modal test is done on
the shells and natural frequencies have been extracted. The comparison of experimental results and, numerical
results obtained from Abaqus showed that there is a good agreement between them. By using Taguchi method, a
parametric study was performed on the vibrational behavior of sandwich shells with lozenge cores via six
parameters that such as stiffeners’ pair number, stiffener thickness, unit cell number, skin thickness, layers
sequence and boundary condition. The results show that the natural frequency has a most sensitive to the boundary
condition, skin thickness and least sensitive to stiffener thickness, layers sequence. To evaluate the efficiency of a
sandwich shell, the natural frequency of sandwich shell are compared with simple shell in the different boundary
condition. The results show that the natural frequency of sandwich shell with lozenge core is 176% and 34%
higher than an equivalent simple shell at free and clamp boundary condition, respectively.
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Fig. 2 (a) Lattice core (b) Sandwich shell with lozenge core (c)
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Table 1 Geometric dimensions of specimens

Cwlbes Cwlbes P Cwlbes Slass Slass o,leds
wlgy ) co dsbe Chr o diged
) Sl mm) (mm) alg oy
(mm) (mm)
1.2 0.8 6 6 2 3 1
1.3 0.8 6 6 2 3 2
15 0.8 5 5 3 3 3
1.3 0.8 5 5 3 3 4
15 1.3 4 4 4 4 5
1.6 1.1 4 4 4 4 6

Fig. 7 Modal test

Jsge el 1 IS ke T g

Doy (loge ialesT o ool om0 sl [17] o5 ool 8 olsl-ol5l
slofa5) 9 Az &5 wpSe I3 eslitel 0y ilie
S clls arg a5 ol & syl il e bl o, | (Seelyss 2SI
laoslo 9y90 30 WSS i oo alime 5 (e oy Send o> 50
sliol gl 5 00,5 pouki ojlu p 2 X5 ) 5l eolitinl &j90 0 S
Olyie & 1Sz |yl gy 0 calpley (18] ctls salss ol en
oge 50T o laguly s pFoslil Cya sl ouds oolaiuwl G o0 aliws
Gl 6 S ojlail Jolug Jawgs a5 Sledlbl 09 o ooliusl ¥ jusgsansl 5 5

R GEile s 0550 5 b VLT elSiss aliwssy caylie Camsy S5
A2 oo s 1y ool (5,803l (g9, g Sl Jlogel 8 JSE 05,.5 o
Gils 5 o0 oo "oyl S5l 5 dawg ol g peSeshul Sledlol
&b e o o a5 uilS )3 08,5 oo zlpial o TFRF Jloges 9 JSio

ilon 03l (anel S B 098 azlge iex LFRF

Fig. 3 Filament winding process (a) polyethylene mandrel (b) silicone
mold (c) filament winding
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Table 2 Mechanical properties of shell and stiffener
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Fig. 10 Mesh convergence study
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Table 3 Comparation of the obtained results from FEM with
Experiment

Y las Hz) o3l (Hz) 59050 (yLell Aigas 0,les
13 224 194 1
13 227 196 2
12 266 234 3
10 258 231 4
9 234 212 5
10 248 223 6

el dwgy ok ad 100 ol 5 5o sla el 4 Jguer
Table 4 Effective parameters and levels of the sandwich shell
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Fig. 11 S/N analysis of the composite sandwich cylindrical shells with
lozenge cores
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Fig. 12 Distribution of parameters of the composite sandwich
cylindrical shells with lozenge cores
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