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Elasto-plastic Analysis of a hydrogen pressure vessel of Composite materials
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Abstract

To improve the durability of a hydrogen pressure vessel which is applied high-pressure, it needs the

autofrettage process which induces compressive residual stress in the Aluminum liner. This study presents the

elasto-plastic analysis to predict the behavior of structure accurately, and the Tsai-Wu failure criterion is

applied to predict failure of pressure vessel of Aluminum liner and composite materials. Generally, plastic

analysis is more complex than elastic analysis and has much time to predict. To complement its weakness, the

AxicomPro(EXCEL program), applied radial return algorithm and nonlinear classical laminate theory (CLT),

is developed for predicting results with more simple and accurate than the existing finite element analysis

programs.
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Fig. 3 finite element model for FEM
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Table 1 Material properties of Al 6061-T6

Property Symbol | Aluminum Unit
(6061-T6)

Elastic modulus E 69.0 GPa
Shear modulus Eg 26.0 GPa
Poisson’s ratio v 0.33 -
Yielding strength Xyield 270 MPa
Ultimate strength Kt 310 MPa
Elongation at break Epreak 12 %
Density P 2700 Kg/m’

i el e AEy F9E e 53
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Table 2 Material properties of composite

Property Symbol Graphite Unit
T700/Ep

Longitudinal modulus E, 148.0 GPa
Transverse modulus E, 38 GPa
Poisson’s ratio v 0.38 -
Longitudinal Tensile X 2250 MPa
strength
Transverse Tensile X’ 1470 MPa
strength
Longitudinal Y 80 MPa
Compressive strength
Transverse Compressive Y’ 120 MPa
strength
Shear strength S 80 MPa
Density P 1610 Kg/m’
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88.0 MPa

Pressure (Average burst pressure)

A
41.9MPa 47.6MPa

(Minmum Burst Pressure)

(Autufretta ge Pressure) /

//,

Loading sequence

/31.1 MPa (Test Pressure)

20.7 MPa (Service Pressure)

Fig .4 Loading sequence
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Sig_x (fiber,axial-dir) vs Pressure
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Fig.8 stress distribution of A16061-T6

Sig_y (trans, hoop-dir) vs Pressure
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Fig.9 stress distribution of composite (ply angle — 90
deg.)
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