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Abstract - As the number of hydrogen filling stations for hydrogen supply increases with the progress of
low-carbon eco-friendly energy policies, the risk of accidents is also increasing. Actual pressure vessels may
have defects such as notches, pores, and inclusions that may occur during the manufacturing process.
Therefore, it is necessary to evaluate the integrity of pressure vessels in the case where cracks exist in pressure
vessels under internal pressure. In this paper, 3D finite element analysis was used to evaluate the structural
safety of hydrogen-filled pressure vessels with surface cracks, and the shape of surface cracks was compared
with the commonly used semi-elliptical shape. In the future, these results will be used to predict the remaining
life of the pressure vessel in consideration of fracture mechanics.
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Fig. 1. Definition of J-integral
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Fig. 2. Finite Element Modeling.

Fig. 3. Inside crack in pressure vessel

Table 1. Physical property of SA-372 Grade J /

Class 70
Elastic modulus 200 GPa
Yield strength 485 MPa
Tensile strength 825 MPa
Poission’s ratio 0.3
Density 7,750 kg/m®
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Fig. 4. Distribution of von Mises stress

Fig. 5. Position of the crack
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Table 2. Failure prediction based on stress inten-
sity factor according to pressure

Pressure Depth (mm)
Operation pressure : 50.0 MPa 11.52
Design pressure : 55.6 MPa 9.45
Hydro. Test pressure : 72.3 MPa 5.67

Table 3. Failure prediction based on J-integral
according to operating pressure

Pressure Depth (mm)
Operation pressure : 50.0 MPa 11.43
Design pressure : 55.6 MPa 9.35
Hydro. Test pressure : 72.3 MPa 5.57
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