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A Study on Lightweight Design of Double Deck High-Speed Train
Hybrid Carbody Using Material Substitution and Size
Optimization Method

Jae-Moon Im*, Min-Ho Jung*, Jong-Yeon Kim**, Kwang-Bok Shin***

ABSTRACT: The purpose of this paper is to suggest a lightweight design for the aluminum extrusion carbody
structure of a double deck high-speed train using material substitution and size optimization method. In order to
conduct material substitution, the topology optimization was used to determine the application parts of sandwich
composites at the carbody structures. The results of analysis showed that sandwich composites could be applied at
roof and 2nd underframe. The size optimization was used to determine thickness of the aluminum extruded and
carbon/epoxy composite. The design variable, state constraint and objective function were formulated to solve the size
optimization, and then, the feasible design was presented by these conditions. The results of the lightweight design
showed that the weight of double deck high-speed train hybrid carbody could be reduced by 2.18(17.70%) tons.
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Fig. 1. 3D Model of double deck high speed train

Table 1. Mechanical Properties of aluminum

Elastic Modulus (GPa) 70
Poisson’s ratio 0.33
Density (kg/m?) 2,780
Yield stress (MPa) 215
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Table 2. Load condition of topology optimization analysis

Load condition Load (Ton)
Centersill 200
) 1st window guardrail 30
Compressive load -
2nd window guardrail 30
Cantrail 30
1st underframe 27
Vertical load
2nd underframe 25

2"d underframe Vertical load I

Ux, Uy,Uz=0
Mx, My, Mz =0

Ux, Uz =0, Uy =Free
My, Mz =0, Mx = Free

Compressive load

(a) Underframe vertical load

Cantrail load ‘

273 window guardrail load

I 1st window guardrail load I

(b) Window guardrail load

Fig. 2. Loading position for topology optimization analysis
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Fig. 3. Analysis result of topology optimization for combined
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Carban/Epoxy composite

Carban/Epoxy composite

Fig. 4. Composition of sandwich composite
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Fig. 5. Manufacturing concept of hybrid carbody through
topology optimization analysis

Fig. 6. Finite element model concept of hybrid carbody

Table 3. Mechanical properties of T700 carbon/epoxy composite

Elastic Modulus Shear Modulus Poissor’s ratio
(GPa) (GPa)
E, E, E, Gy, | Gi3 | Gy U V3 Us3
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Table 4. Design variables for size optimization

Design variables Thickness Constraint
1** underframe Skin 2.8 2.3-3.3
(mm) Rib 2.2 1.8-2.6
Side frame Skin 2.8 2.3-33
(mm) Rib 1.8 1.4-2.3
Roof frame Skin 2.5 2.0-3.3
(mm) Rib 1.8 1.4-2.3
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Fig. 7. Process of size optimization for sub-problem method
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Fig. 8. Process of size optimization for first-order method
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Table 5. Thickness result of size optimization
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(¢) Thickness result of T700 carbon/epoxy composite
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Fig. 9. Thickness and mass result for size optimization
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Von-Mises Stress : 98.90 MPa

(a) Vertical load
Von-Mises Stress : 200.03 MPa

(b) Compressive load

1st Bending natural frequency : 15.55 Hz

(c) 1** bending natural frequency

Fig. 10. Structural analysis result for lightweight design of car-
body
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