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An investigation on the static buckling behavior of laminated cylindrical
composite shells with embedded SMA wires by experiment
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Keywords Abstract

Static Buckling In the present work static buckling behavior of laminated cylindrical composite shells were investigated
Cylindrical Shells experimentally. The laminated composite shells were fabricated from carbon-epoxy composite by filament
Shape Memory Alloys winding process. The stacking sequences were +55°/-55°/SMA/+55°/-55° and +75°/-75°/SMA/+75°/-75°. The
Superelastic superelastic SMA wires placed between plies 2 and 3 of the four layers laminate. Shape memory alloy wires were
Carbon Epoxy used in the middle of the composite in two cases, without pre-strain and with 5% pre-strain. All of buckling test

were performed using 2.5 ton universal test machine with crosshead speed of about 0.1 mm/min. The buckling
tests were arranged with two kinds of boundary conditions, simply supported- simply supported and clamped-
clamped boundary conditions. Several tests were done to achieve the mechanical properties of composite shells,
like standard tensile test of the resin samples, mechanical tensile test of the nol ring, tensile test of the
unidirectional composite samples and the tensile test of the superelastic shape memory alloy wire. The
experimental buckling analyses of the cylindrical composite shells with embedded superelastic SMA wires show
that the critical buckling load increased by using the SMA wires. Also, in the laminated composite with stacking
sequences +75°/-75°/SMA/+75°/-75°, the buckling load of shells was increased. In addition the buckling capability
of composite shells in the simply supported- simply supported boundary condition is greater than the clamped-
clamped boundary condition.
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Khalili, S.M.R. and Akbari, T., “An investigation on the static buckling behavior of laminated cylindrical composite shells with embedded SMA wires by experiment”, In
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Fig. 11 Stress-strain curve for LY-556 resin
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Fig. 20 a) Simply supported- Simply supported boundary conditions, b)
Clamped-Clamped boundary conditions
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Fig. 21 Cylindrical composite shell without SMA, a) before buckling ,
b) after buckling
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Fig. 19 Stress-strain curve of the superelastic SMA wire
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Fig. 23 Force-end shortening diagram of the [+55/-55/+55/-55]
laminated cylindrical composite shell with 4 embedded SMA wires and
5% pre-strained (SECS-03) in compare with the laminated cylindrical
composite shell without SMA (CS-02), C-C boundary conditions
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Fig. 22 Cylindrical composite shell with embedded SMA wires, a)
before buckling , b) after buckling
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Fig. 25 Force-lateral displacement of the [+55/-55/+55/-55] laminated
cylindrical composite shell with 4 embedded SMA wires and 5% pre-
strained (SECS-03) in compare with the laminated cylindrical
composite shell without SMA (CS-02), C-C boundary conditions
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Fig. 26 Force-end shortening diagram of the [+75/-75/+75/-75]
laminated cylindrical composite shell with 4 embedded SMA wires and
5% pre-strained (SECS-05) in compare with the laminated cylindrical
composite shell without SMA (CS-04), C-C boundary conditions
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Fig. 24 Force-end shortening diagram of the [+55/-55/+55/-55]
laminated cylindrical composite shell with 4 embedded SMA wires and

no pre-strain (SECS-04) in compare with the laminated cylindrical
composite shell without SMA (CS-02), C-C boundary conditions
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Fig. 28 Force-end shortening diagram of the [+75/-75/+75/-75]
laminated cylindrical composite shell with 4 embedded SMA wires and
5% pre-strained (SECS-07) in compare with the laminated cylindrical
composite shell without SMA (CS-06), SS-SS boundary conditions
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Fig. 29 Force-end shortening diagram of the [+75/-75/+75/-75]
laminated cylindrical composite shell with 4 embedded SMA wires and
5% pre-strained with C-C boundary conditions (SECS-05) in compare
with the SS-SS boundary conditions (SECS-07)
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Fig. 27 Force-end shortening diagram of the [+55/-55/+55/-55]
laminated cylindrical composite shell with 4 embedded SMA wires and
5% pre-strained (SECS-03) in compare with the [+75/-75/+75/-75]
laminated cylindrical composite shell with 4 embedded SMA wires and
5% pre-strained (SECS-05), C-C boundary conditions
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