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Abstract: Composite material hydrogen storage cylinders are the most effective solution for high-pressure gaseous
hydrogen storage. The carbon fiber fully wrapped plastic liner cylinder (Type IV cylinder) is the most important
potential in the development of hydrogen storage. Accurately predicting the burst pressure and failure mode of
type IV cylinders is basement for the lightweight design of these cylinders. Current burst failure prediction
methods are developed base on traditional laminated structural models, where the influence of fiber bundles cross
undulation that occurs during the helical winding process are not considered. This paper comprehensively

investigated the influence of fiber bundles cross undulation on the fiber strength by combining numerical and
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experimental approaches, and a failure prediction method which takes into account of the strength knock-down

effect was developed for type IV cylinders. The burst pressures and failure locations of three different types of IV

cylinders were predicted and compared with the ones that predicted by traditional method which does not con-

sider the strength knock-down effect. The physical bursting experiments were conducted, and the results validate

that the numerical analysis method considering the strength knock-down effect can give more accurate prediction

of the failure location and reduce the prediction error of the bursting pressure, the maximum error is reduced from

+15.42% to +6.07%.

Keywords: composite; type IV cylinder; cross undulation feature; strength reduction; burst failure
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DIC—Digital image correlation technology
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Fig.3 Experimental equipment and loading apparatus
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Table1 Material properties of unidirectional fiber bundle

Items Value
Longitudinal modulus, E;;/GPa 125.4
Transverse modulus, E,, =E;3/GPa 7.7
In-plane shear modulus, G;,=G,3/GPa 3.8
Out-of-plane shear modulus, G,3/GPa 4.8
Major Poisson's ratio, p1, = f413 0.33
Through-thickness Poisson's ratio, vy 0.35
Longitudinal tensile strength, X/GPa 2.18
Longitudinal compressive strength, X./GPa 1.2
Transverse tensile strength, Yr/MPa 60
Transverse compressive strength, Y./MPa 140
Density of laminate, p/(kg-m™) 1 600
Tensile fracture energy of fiber, Gg/(N-mm™) 133
Compressive fracture energy of fiber, Gi./(N-mm™") 40
Tensile fracture energy of matrix, G,,,/(N-mm™) 0.6

Compressive fracture energy of matrix,G,,./(N-mm™) 2.1
Elastic modulus of resin, E/GPa 3.0
Density of resin, p,/(kg-m™) 1200
Poisson's ratio of resin, 0.3
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Fig. 15 Numerical analysis framework for cylinders based on the effect of strength reduction effect
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Table2 Type IV cylinder material mechanical parameters

Item Value
Longitudinal modulus, E;;/GPa 154
Transverse modulus, E,, =E;3/GPa 114
In-plane shear modulus, G;,=G,3/GPa 4.8
Out-of-plane shear modulus, G,3/GPa 3.8
Major Poisson's ratio, y;, = fy3 0.3
Through-thickness Poisson's ratio, v,; 0.33
Longitudinal tensile strength, X/GPa 2.5
Longitudinal compressive strength, Xo/GPa 1.2
Transverse tensile strength, Yr/MPa 70
Transverse compressive strength, Y./MPa 180
Density of laminate, p/(kg-m™) 1600
Tensile fracture energy of fiber, Gg/(N-mm™) 133
Compressive fracture energy of fiber, Gi./(N-mm™) 40
Tensile fracture energy of matrix, G,,/(N-mm™") 0.6
Compressive fracture energy of matrix,G,,./(N-mm™) 2.1
Elastic modulus of HDPE, E/GPa 1.1
Poisson's ratio of HDPE, p 0.38
Yield strength of HDPE, o-/MPa 22.9
Ultimate strength of HDPE, o,/MPa 25
Fracture elongation of HDPE, 6/% >600
Elastic modulus of BOSS, E/GPa 69
Poisson's ratio of BOSS, p 0.324
Yield strength of BOSS, o-,/MPa 298
Ultimate strength of BOSS, o,/MPa 330
Fracture elongation of BOSS, §/% 12

Note: BOSS—Bolted opening support structure.
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Table 3 Comparison of burst failure results of cylinders

Number Method Pressure/MPa Burst location Error/%
Test 62.86 Transition region -

A Traditional method 68.00 Cylinder body +8.18
Reduction modified method 59.60 Transition region -5.19
Test 49.21 BOSS -

B Traditional method 56.80 BOSS +15.42
Reduction modified method 52.20 BOSS +6.07
Test 52.95 Cylinder body -

C Traditional method 56.40 Cylinder body +6.52
Reduction modified method 56.40 Cylinder body +6.52
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