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Abstract

This study deals with the nonlinear strength analysis of laminated composite cylindrical
shells to find the optimum structure of pressure vessel.

By applying the F.E.M. using the 8-node degenerated Isoparametric shell element and Total
Lagrangian formulation and being adopted Newton-Raphson method with incremental load as a
solution scheme, the optimum structure is found from the viewpoint of minimum displacement.

As a results of linear analysis on the O cases of laminated structure, [50°/—50"] composition
of the shell laminate give the minimum deflection. In case of the nonlinear analysis by apply-
ing Quadratic Failurc Criteria on laminated combination (#°/—#°), shell laminate structure of
0=50° under external uniform pressure was founded as a optimum structure and #=90" for the

case of external and axial loading combined.
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Table 1 Material properties & geometric conditions

E,=5329.5kg/mm? E,= E;=1598. 2kg/mm?
Glz:G%:G:}l:GSS. 4kg/mm‘

D1z =ty =03;=0.292

Layer thickness=0.125mm

Layer numbers=24

Radnus r=200mm Length L=100mm
Theta 6=11.25° Thickness t=3mm
r/(rvt)*l 0152

o (Model 1)

Table 2 Material properties & geometric conditions

E1 = 18423kg/mm2 Ez—‘Eg— 104841‘:g/mm2
G13=Gy =Gy =7297kg/mm?

vz =uaz =vg =0.28

Layer thickness=0.125mm

Layer numebers=4

Length L=8mm

Thickness #=0.5mm

Radius r=21mm
Theta #=15°
r/(r-1)=1.0244

-  (Model 1)
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EgAs A5 A2 E 99 APy 53
Table 3 7 case of laminated structures (simply supported)
| | za | 28 | z2¢ | 2 | 3a | 3B | 3c
) |« | o004 1.17 0.58 172 | 0.62 0.82 1.72 %
, ey i 2.53 2.14 2.59 1.72 | 2.82 2.41 1.72 %
Present ‘ & & 0.99 I 1.01 I 0.62 i 1.81 0.58 1.34 1.68 %
analysis | e | 266 | 260 | 274 | L83 | 3.63 | 232 | Le | %
2A=100"12/90° 2] 2B=(0"5/90"15] 2C=[54.7" 12/ —54.7"12) 2D=(73°12/—73"12]

3A: [033/6003/“60u8]

£3B= [45Q s/_4505/90c a]

3C=[60"4/—60°4/90° 151

Table 4 Comparison of maximum deflection (simply supported) (mm)
| 2a 28 | 2c | 20 | 2m* | 3a | 3B sc | aa
dmax | 6.759 | 6.699 | 5.175 ‘ 6.026 | 5.157 \ 5.908 | 5.713 } 5.722 ‘ 5.602

JA=[90°/0°6/9° 6/ —45°6/45°6)
* 2E=[50"12/—50%12]
* For the case of [50°/—50°)12, Omax—4.664mm
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Fig. 8 Geometry, boundary condition and loading

type of laminated cylindrical shell Fig. 9 Convergence of mesh division
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Fig. 12 Effect of nonlinear analysis by changing of
fiber angle at external pressure (model 1)
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Fig. 13 Effect of nonlinear analysis by changing
of fiber angle at external pressure (model

1)
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Fig. 14 The deflection ratio according to loading
type (model )
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