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Evaluation of Structural Safety for Hydrogen Tube Trailer Considering
Dynamic Property
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Abstract

Recently, hydrogen energy has been widely used because of strict regulations on greenhouse gas emissions. For using the hydrogen
energy, it is required to supply hydrogen through a tube trailer. However hydrogen tube trailer can have excessive load problems during
transportation due to reasons such as road shape and driving method, which may lead a risk of hydrogen leakage. So it is necessary to
secure a high level of safety. The purpose of this study is to evaluate structural safety for the conservative design of hydrogen tube trailer.
First, finite element(FE) modeling of the designed hydrogen tube trailer was performed. After that, safety evaluation method was
established through static structural simulation based on the standard GC207 conditions. In addition, effectiveness of the designed model
was confirmed through the results of the structural safety evaluation. Finally, driving simulation was used to derive acceleration graph
according to time, which was considered as a dynamic property for the evaluation of conservative tube trailer safety evaluation. And
dynamic structural simulation was conducted as a condition for actual transportation of tube trailer by applying dynamic properties. As a
results, conservative safety was evaluated through dynamic structural simulation and the safety of hydrogen tube trailer was confirmed

through satisfaction of the safety rate.

Keywords : Hydrogen tube trailer, Structural safety evaluation, Structural simulation, Dynamic property
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Fig. 2 Simplified geometry of hydrogen tube trailer
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Table 1 Material properties of hydrogen tube trailer

Part Base frame | Front skid | Rear skid Wire
Material SM355A SM355A SM355A S45C
Young’s
modulus 202 202 202 205

(MPa)
Poisson’s ratio 0.3 0.3 0.3 0.29
Yield strength
(MPa) 449 449 449 360
Density
(kg/m3) 7,850 7,850 7,850 7,850
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Fig. 3 Condition of point mass for minimizing contacts

Table 2 Load conditions according to GC 207

Case Condition Value (mm/s?)

| Tw1.ce force of tf)tal Welght 19.612

in forward direction
) Ff)rce of tOtZ-ll weflght 9.806

in lateral direction
3 Eorce of totall we%ght 9.806

in upward direction
4 Twlce force of tot.al W.elght 19.612

in downward direction

37 TET frEas 29 Y Table29] Az
S 7|WFS 2 Tube trailer?] HHAS A7 93|
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Fig. 4 Results of static structural simulation for tube trailer
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Table 3 Results of static structural simulation

Case Max Von-mises stress (MPa) Safety factor
1 147.1 3.05
2 166.9 2.69
3 149.3 3.00
4 181.5 2.47
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Fig. S Full modeling for driving simulation
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Fig. 6 Velocity condition of driving simulation
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Table 4 Rotary inertia for structural

simulation

dynamic

Rotary inertia Value Unit
Ixx 22,100 kgxm?
Iyy 2,600 kgxm®
Izz 21,800 kgxm?
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Fig. 8 Results of dynamic structural simulation for tube trailer
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Table 5 Results of dynamic structural simulation

Case Max Von-mises stress (MPa) Safety factor

1 221.6 2.02

2 234.7 1.91

3 208.2 2.15

4 256.0 1.75
4.0

[ Static analysis

3.5 1 [ ] Dynamic analysis
3.0 1

N
V)]
1

j Safety |

Safety factor

1.5 ety
1.0 1 Yield |
0.5

0.0

Case 1 Case 2 Case 3 Case 4
Load condition

Fig. 9 Comparison of safety factor between static and
dynamic simulation results
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