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Evaluation of Structural Integrity for Composite Bogie Frame Applied to
Hypertube System

Jung-Seok Kim**, Do-Eun Kwak**#, Chang-Ho Kim**, Dae-Han Cheon**
Chang-Young Lee*, Hyuk-Jin Yoon*, Kwang-Bok Shin**’

ABSTRACT: Recently, hypertube systems have been actively studied as next-generation transportation systems due to
the increasing demand for eco-friendly and ultra-high-speed transportation. The weight of a hypertube vehicle directly
affects energy efficiency, which makes lightweight design of its main structures important. In particular, the bogie
frame is a key structure that supports the carbody, superconducting magnets, running wheels, and guide wheels.
Therefore, lightweight for bogie frame in railway systems is important. In this study a composite bogie frame for a
hypertube system was designed using carbon-fiber-based composites instead of conventional metallic materials. A
prototype was fabricated based on the proposed design. Structural analysis was then performed under running and
levitation conditions based on EN-13749. The results showed that the Tsai-Wu index of the composite parts was less
than 1 in all load cases. The Von-Mises stress of the metallic parts was also lower than the yield strength. These
results indicate that the proposed composite bogie frame has sufficient structural integrity under both running and
levitation conditions.
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Fig. 1. Design concept of the composite bogie frame
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(b) Prototype

Fig. 2. Manufacturing process and fabricated prototype of the
composite bogie frame
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Fig. 3. Finite element model for the composite bogie frame

Table 1. No. of nodes and elements for composite bogie frame

Category Finite elements model
Nodes 815,860
Elements 586,028
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Fig. 4. Boundary conditions for the composite bogie frame
under running condition

Table 2. Mechanical properties of H2550 woven

Property Unit Symbol Value
Density kgm™ p 1,420
E, 60
Elastic Modulus GPa
E,, 62
Shear Modulus GPa Gy, 3.73
X, 828
Tensile Strength MPa
Y, 578
X, 828
Compressive Strength MPa
Y, 578
Shear Strength MPa S 72.8
Poisson’s Ratio - Vi 0.05
Table 3. Mechanical properties of steel
Property Unit Symbol Value
Density kg m™ p 7,850
Elastic Modulus GPa E 210
Yield Strength MPa o, 360
Tensile Strength MPa Ours 490
Poisson’s Ratio - v 0.3

Table 4. Load conditions based on EN-13749

Case F,,(kN) F,,(kN) F,(kN) F,(kN)
Case 1 0.43 0.43 1.58 0.63
Case 2 0.39 0.30 -1.58 0.63
Case 3 0.56 0.47 0 0.63
Case 4 0.47 0.56 1.58 0.63
Case 5 0.56 0.47 -1.58 -0.63
Case 6 0.26 0.30 0 -0.63
Case 7 0.26 0.30 1.58 -0.63
Case 8 0.40 0.48 0 -0.63
Case 9 0.40 0.48 -1.58 0.63
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Fig. 5. Boundary conditions for the composite bogie frame
under levitation condition
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Table 5. Structural analysis results under running conditions

Case Von-Mises Stress (MPa) Tsai-Wu Index
Case 1 99.5 0.20
Case 2 96.5 0.20
Case 3 234.4 0.31
Case 4 102.5 0.19
Case 5 300.6 0.29
Case 6 124.3 0.33
Case 7 256.8 0.40
Case 8 129.8 0.19
Case 9 217.7 0.44
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