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Comparative Study on the Internal Pressure and Burst Characteristics of
Braided Type IV Hydrogen Pressure Vessels with Lightweight Design

1.

Jeong-Seop Kim*, Hye-Gyu Kim*, Wooseok Ji*", Do-Hyun Kim**, Jin-sung Chon**

ABSTRACT: This study investigates the structural performance of Type IV hydrogen pressure vessels reinforced with
triaxial braided composites. Two models were evaluated: a baseline model and lightweight model in which the metallic
boss components were simplified for weight reduction. This modification led to a reduction of approximately 32% in
the weight of the metallic parts. Finite element analysis (FEA) was conducted under internal pressures of 105 MPa
and 157.5 MPa, which correspond to standard performance and minimum burst conditions, respectively. A symmetry-
reduced model was adopted by utilizing the vessel's geometric symmetry for computational efficiency. The simulation
results showed that all major components maintained safety factors greater than unity. In the baseline model, axial
stress was concentrated near the sleeve junction. This area closely matched the failure location observed in the burst
test. The predicted burst pressure from the simulation was 166.5 MPa, showing a 3.9% deviation from the experiment
result of 173.36 MPa. This confirms that simulation-based analysis can accurately predict both the failure location and
failure mode.
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Table 1. Experimental results of braided composites

Angle| E, [GPa] E, [GPa] G,, [GPa] S [MPa]
30° | 63.31+426 | 11.09+0.50 | 1497 +1.12 | 15537 +4.86
45° | 3990+198 | 1847+2.79 | 16.63+1.10 | 184.22 + 14.90
60° | 2450+1.57 | 34.36+1.23 | 12.62+0.33 | 170.85+9.85

Angle| X, [MPa] X_[MPa Y, [MPa] Y. [MPa]
30° |751.71+£16.59|358.25+8.76 | 72.05+3.82 | 143.04 £6.80
45° |551.48 +34.24|309.73 £9.90| 163.89 £6.14| 199.55+9.90
60° [377.17+23.13|218.76 £ 1.05|391.70 £ 5.59 | 256.77 + 6.15
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Pressure vessel

Braided composite

Table 3. Mechanical properties of isotropic materials

Fig. 4. Finite element model of Lightweight model
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Table 2. Directional properties of 65° braided composite

Angle E, [GPa] E, [GPa] G,, [GPa] S [MPa]
65° 21.14 41.50 9.75 157.10
Angle X, [MPa] X [MPa] Y, [MPa] Y. [MPa]
65° 320.77 179.14 498.04 276.09

ME

Longitudinal (1-dir.)
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Fig. 5. Definition of the material orientation

Young’s Ultimate tensile Strain at
Materials modulus, strength, failure,
E [GPa] S, [MPa] & [%]
PA11 0.58 36.67 195.00
SUS316L 193.00 657.24 60.52
Al6061-T6 67.32 325.79 25.50
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Fig. 6. Stress-Strain curves of (a) PA11, (b) SUS316L, (c) Al6061-T6
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Table 4. Maximum safety factor results
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Fig. 13. Tsai-Wu failure index distribution under internal pres-
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