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Experimental and numerical analysis of vibration of FML- stiffened circular
cylindrical shell under clamp-free boundary condition
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Keywords Abstract

Vibration Most of composite cylindrical shells always are used under dynamic loads not static loads in working cycle of them
Fiber metal laminate and Application of dynamic loads cause to large deformation and strength reduction. One way to reduce this negative
Experimental analysis characteristic is to make the fiber metal laminated shells that named FML in abbreviation. Also dynamic loads cause
Nnatural frequency to vibration in structure. In the present study, firstly the fabrication of stiffened-FML cylindrical shell is explained.
Stiffened shell Then the vibration behavior and natural frequencies of three samples of FML-stiffened cylindrical shells are derived

under clamp-free boundary condition. Moreover the vibration behaviors of these shells are investigated using abaqus
finite element software and the FEM results are compared with experimental results in order to shows in agreement
with each other. Also the effects of various parameters are studied in this article. For this purpose the frequency
response of stiffened and unstiffened FML shells are compared with together and the vibration behavior of FML-
shell are compared with glass/epoxy composite shell. One of the most innovations of this study is the experimental
results that can be used as a benchmark for further study.
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Table5 vibrational test results of first specimen
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5.6 1151 3.9 1157 6.4 1161.8 4
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Fig. 6 clamp-free boundary condition
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Fig.11 Numerical result of natural frequency and mode shape of
FML-stiffened cylindrical shell
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Table6 vibrational test results of second specimen

ol sy G e 8 Jges o lo
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117 3517 203 3503 229 3529 1
1.78 640.59 214 6753 3.09 676.43 2
4.59 993 6.17 9952  7.08 1006 3
6.7 1123 2 1127 356 11302 4
4.15 1217 274 1237 237 1266.8 5
2.3 1715 6.35 1723 2.15 1735 6
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Table7 vibrational test results of third specimen
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7.28 360.3 6.95 361.04 8.4 362.8 1
1.9 650 2.1 652.7 3.5 658.87 2
2.1 996 6.61 996 7.02 1015.8 3
3.2 1113 2.2 1114 7.93 1120 4
6.3 1244 7.4 1270 25 12735 5
1.6 1592 1.02 1728.8 2.56 1735 6
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Fig.10 variation of acceleration of the first specimen in natural
frequency under clamp-free boundary condition
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Table9 comparison of weight and natural frequencies of FML-stiffened
cylindrical shell with stiffened composite shell
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Fig.13 comparison of variation of natural frequencies vs. thickness
for stiffened and unstiffened FML shell
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Table8 comparison of numerical and experimental frequency of FML-
stiffened cylindrical shell
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Fig.12 comparison of variation of natural frequencies vs. mode
numbers for FML-stiffened cylindrical shell and stiffened composite
shell
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