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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, the behavior of cylindrical shells with uniform thickness and functionally graded thickness
Received 06 September 2016 distributions subjected to axial quasi-static loading is investigated experimentally and subjected to axial
Accepted 27 October 2016 impact is investigated experimentally and numerically. Steel cylindrical shells with uniform thickness

Available Ontine 11 December 2016 and functionally graded thickness distributions have the same inner diameter, length and weight.

Cylindrical shells are impacted by the drop hammer apparatus and experimental axial force-time curves

'éi,mg:i‘izl shell are obtained by using a load cell; in addition, impact simulations are done by Abaqus finite element
Different thickness distribution software. The effect of thickness distributions on the shortening, energy absorption, buckling shape and
Axial impact axial force-time curve of cylindrical shells is investigated. It is found that for axial quasi-static loading,
Energy absorption a change in thickness distribution of cylindrical shell is able to convert the buckling shape from mixed

Progressive buckling buckling (a combination of axisymmetric and diamond modes) to progressive buckling, also for axial

impact loading, a change in thickness distribution of cylindrical shell can affect the number of complete
folds. The studies also suggest that at the same impact energy, functionally graded thickness distribution
cylindrical shell compared with uniform thickness distribution cylindrical shell absorbs approximately
the same energy with more shortening and transforms less mean load and peak load to under protected
specimen, thus, functionally graded thickness distribution cylindrical shell is a better energy absorption
specimen. Good agreement is found between the experimental and numerical results.
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Fig. 1 Thickness, inner diameter and length of cylindrical shells with
(1)uniform  thickness and (2)functionally graded thickness
distributions (All dimensions are in millimeters (mm))
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Fig. 7 Experimental buckling shapes and axial force-time curves for
cylindrical shells with (1)uniform thickness and (2)functionally graded
thickness distributions under axial quasi-static loading
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Fig. 5 a view of longitudinal section in the moment that stationary tube
is impacted by striking mass in Abaqus
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Fig. 10 Experimental buckling shapes together with force-time curve at
different velocities for cylindrical shells with uniform thickness and
functionally graded thickness distributions subjected to axial impact
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Table 1 Shortening results for cylindrical shells with uniform thickness
and functionally graded thickness distributions

S o oS (Mm)
eie Caaled b aswgy b Calbes b aiwg (Tnslg;
3ol Gode s ooe
7.8 7.22 18 3.19 2.52
13 11.39 4.4 5.18 341
155 14.99 9.8 10.27 4.16
20.1 18.31 134 14.60 476
20.2 20.74 16.2 17.16 5.22

4.76 m/s 5.22 m/s 416 m/s  3.41mls 2.52 m/s

Fig. 8 Experimental and numerical buckling shapes of cylindrical shell
with uniform thickness distribution subjected to axial impact with
different velocities
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Fig. 9 Experimental and numerical buckling shapes of cylindrical shell
with functionally graded thickness distribution subjected to axial
impact with different velocities
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Fig. 11 Comparing of the experimental and numerical axial force-time curves for cylindrical shells with (1) uniform thickness and
(2)functionally graded thickness distributions at different velocities
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Fig. 13 Comparing of the experimental axial force-time curves of
cylindrical shells with (1) uniform thickness and (2) functionally graded
thickness distributions subjected to axial quasi-static and impact
loadings at velocity 5.22(m/s)
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Fig. 12 Numerical buckling shapes of cylindrical shells with (1)uniform
thickness and (2) functionally graded thickness distributions under axial
impact at velocity 5.22 (m/s)
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Fig. 14 Energy absorption versus shortening curves for same
velocity and different thickness distribution
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Table 2 Impact energy and numerical energy absorption for cylindrical

shells with uniform thickness and functionally graded thickness
distributions under axial impact at different velocities

(Dot 03 535

. L aimgy Doszr st (M)
173.20 171.23 174.62 252
317.92 317.24 319.71 341
473.40 473.32 475.82 416
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746.03 747.13 749.26 5.22
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