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Optimal Design of Composites Laminated Pressure Vessels with
Metallic Liners

Sung Kyu Ha* and Dong Gun Yi**

ABSTRACT

A method is presented to design the multilayered pressure vessel of a aluminium liner for the
dome and cylinder with the composite materials wrapped around the cylinder. A finite element
method considering the nonlinear deformation of the axisymmetrically multilayered shell is used
to calculate the stresses in each layer. The calculated on-axis stresses are then used for the failure
analysis (Tsai-Wu failure criterion). The optimum design of the pressure vessels with the design
variables, i.e., the layer angles along the cylinder and the thickness of the composite materials are
then performed together with the stress analysis. For that purpose, the sensitivities of the design
variables are derived and implemented into the optimum design. As a result, the distribution of
layer angles and the thickness of the composite materials is optimally found for the multilayered
pressure vessel maximizing performance factor without any failures.
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Fig. 6. Procedure of composite pressure vessel.

Table 1. Geometric input data and initial design
variables of multilayered pressure

vessels
Input Data Values Unit
Length(l) 0.45 m
Radius(r) 0.15 m
Liner thickness(t.) 0.006 m
Initial angle@,) 75 Degree
Initial thickness(t.) 0.001 m

Table 2. Material properties of multilyered
pressure vessels

Material Property | T300/5208 | Al 6061-T6
Engineering constants
E(GPa) 181 68.3
E,(GPa) 10.3 68.3
v, 0.28 0.3
Go(GPa) 717 68.3
Density(kg/m?) 1600 2770
Strength

X(MPa) 1500 310
X' (MPa) 1500 310
Y(MPa) 40 310
Y'(MPa) 246 310
S(MPa) 68 207

8: gonstrant along the s coordinate.
?: various along the s coordinate.
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Table 4. Comparison of optimal design variables

Case PresometiPa) | Thidomoetid sm)
1 13.74 0.00
2 21.76 6.00
3 23.17 2.82
4 23.24 2.56

265 |
- 60 L —o— case 3
55 | —&— gase 4
50 R e R e
0.0 0.5 1.0 1.5
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Fig. 7. Comparison of the optimal layup angle
along the z coordinate.
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Table 5. Comparison of performance factors

(PV*/W)
Case Mass of Total - Performance
Composite(kg) Mass(kg) Factors(10'm)
1 0.00 11.75 5.48
2 407 15.82 6.45
3 19 13.66 7.95
4 1.74 13.49 8.08

*: Inner volume=0.05 (m%)
** :Mass of liner=11.75 (kg)
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