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Dynamics performances of composite open cylindrical shells with multiple sandwich layers
LI Zhiguang, ZHANG Yi
(Department of Electromechanical and Vehicle Engineering, Taiyuan University, Taiyuan 030000, China)

Abstract : In order to enhance the damping performance of the open cylindrical shell structures of traditional composites and
improve their stability and load-bearing capacity under dynamic load conditions, the dynamics performances of composite open
cylindrical shells with multi-layer continuous sandwich structure (multiple sandwich layers) were studied by modal analysis and
numerical simulation. Based on the modal strain energy method, the influences of geometric parameters of the multiple sandwich
layers on the dynamics performances of composite open cylindrical shells were investigated. Firstly, the validity of the finite element
model was verified by comparing the numerical simulation results with existing literature. Then, the influence laws of the number
and thickness distribution of sandwich layers with the same total thickness for single sandwich material, the relative positions and
thickness variation of sandwich layers with multiple sandwich materials on the dynamics performances of the open cylindrical shell
were further studied. The results show that as the number of sandwich layer increases, the first-order natural frequency of the struc-
ture rises within a limited range, while its damping performance is relatively significantly improved. Meanwhile, when the sandwich
layer materials with higher loss factors are symmetrically distributed with using the sandwich layer material with a lower loss factor
as the middle layer, maintaining a certain distance (2 mm) distribution can achieve better damping performances. It is ultimately
discovered that by reasonably designing the number, type, position and thickness distribution of the sandwich layers, the damping
performances of the composite open cylindrical shell structure can be improved. The research provides reference for further studies
on the design theory and manufacturing process of lightweight and high damping composite open cylindrical shells.

Keywords : multiple sandwich layers ; open cylindrical shell ; natural frequency ; loss factor ; dynamics ; numerical simula-
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Tab.1 Model dimensions
Parameters Values
Axial length L/m 10
Thickness of rigid layer 4 (=h,)/mm 10
Thickness of sandwich layer 4,/mm 5
Opening angle 6/(°) /6

Notes: h,, h,, h, represent thicknesses of lower rigid layer, sandwich

layer and upper rigid layer, respectively.
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Tab.2 Material mechanical property parameters

Parameters Values
Elastic modulus of rigid layer/GPa 210

Density of rigid layer/(kg-m ) 7 800
Poisson's ratio of rigid layer 0.3

Complex shear modulus of sandwich layer/MPa 2.3(1+0.51)
Density of sandwich layer/(kgem ) 999
Poisson's ratio of sandwich layer 0.34
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Tab.3 Comparison between finite element numerical simulation results in this paper and those in reference[10]

It Modal shape
ems
(1,1) 2,1 (2,2) (2,3)
Mol § " Theory!™ 11.607 16.898 20.255 28.472
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Fig. 2 Modal shape diagram of finite element numerical simulation

results
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Tab.4 PMI Foam performance parameters

Parameters Values
Elastic modulus/MPa 180
Density/(kg-m™’) 110

Poisson's ratio 0.286
Shear modulus/MPa 70
Loss factor 0.01
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