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Prediction of Deformation and Safety of Type IV Hydrogen Tank for
Hydrogen Fuel Cell Railway According to Internal Pressure Using FEA
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yiseo@kumoh.ac.kr Abstract >> The purpose of this study is to predict the safety of hydrogen tanks

_ through finite element analysis (FEA). Hydrogen tanks for vehicles must be de-
Egszzzd ixﬁr‘;h(;;:zs signed to withstand pressures of up to 700 bar and ensure safety even at higher
Accepted 14 April, 2025 pressures. To solve this problem, high-pressure vessels using type IV composite

materials are being manufactured, and research on type IV materials is actively
underway. In this study, FEA was performed on the spacing between hydrogen
tanks placed in parallel and the fixed frame to ensure safe and efficient in-
stallation by considering deformation that occurs at high pressure. Studies have
shown that deformation of hydrogen tanks can cause interference between
tanks and damage the holding frame.
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Fig. 1. Two types of hydrogen tanks used in finite element
analysis. (a) Type A. (b) Type B

Fig. 2. Generated mesh-type A
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Table 1. Frame properties
Density 7,850
Tensile yeild strength, MPa 250
Tensile ultimate strength, MPa 460
young's modulus, GPa 200
poisson's ratio 0.3
Table 2. Hydrogen tank properties
Density, kg/m’ 970
Tensile ultimate strength, MPa 3,600
Modulus of elasticity for local axis 1, GPa 147
Modulus of elasticity for local axis 2, GPa 10
Modulus of elasticity for local axis 3, GPa 10
Poisson's ratio for local plane 12 0.27
Poisson's ratio for local plane 13 0.27
Poisson's ratio for local plane 23 0.54
Table 3. Maximum stress-excluding frame (Unit: GPa)
Pressure Type A Type B
100 bar 0.184 0.322
500 bar 0.921 1.610
900 bar 1.658 2.898
1,300 bar 2.396 4.185
1,575 bar 2.903 5.071

Table 4. Minimum safety factor-excluding frame

Pressure Type A Type B
100 bar 15.00 11.18
500 bar 391 2236
900 bar 2.17 1.242
1,300 bar 1.50 0.860
1,575 bar 1.24 0.710
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Fig. 3. Deformation of hydrogen tank according to internal pres-
sure of type A (100-1,575 bar)
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Fig. 4. Deformation of hydrogen tank according to internal pres-
sure of type B (100-1,575 bar)
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Table 5. Maximum stress-including frame (Unit: GPa)

Pressure Type A Type B

100 bar 0.867 1.136

500 bar 4.339 5.678

900 bar 7.811 10.22

1,300 bar 11.28 14.76

1,575 bar 13.67 17.88
Table 6. Minimum safety factor-including frame

Pressure Type A Type B

100 bar 0.288 0.22

500 bar 0.057 0.044

900 bar 0.032 0.024

1,300 bar 0.022 0.017

1,575 bar 0.018 0.014
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