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A Study on Manufacturing Technology and Evaluation of the Structural
Integrity of a Sandwich Composite Train Roof Structure

AP RBE . OG- olyT”
Kwang-Bok Shin - Bong-Jo Ryu - Jae-Youl Lee - Sang-Jin Lee
Abstract

We have evaluated the structural integrity of a sandwich composite train roof structure that can be a lightweight,
cost saving solution to large structural components for rail vehicles in design stages. The sandwich composite train
roof structure was 11.45 meters long and 1.76 meters wide. The finite element analysis was used to calculate the
stresses, deflections and natural frequencies of the sandwich composite train roof against the weight of air-conditioned
system. The 3D sandwich finite element model was introduced to examine the structural behavior of the hollow
aluminum extrusion frames joined to both sides of the sandwich composite train roof. The results shown that the
structural performance of the sandwich composite train roof under loading conditions specified is satisfaction and the
use of aluminum reinforced frame and aluminum honeycomb core is beneficial with regard to weight saving and
structural performance in comparison with steel reinforced frame and polyurethane foam core. Also, we have
manufactured prototype of sandwich composite train roof structure on the basis of analysis results.
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Fig. 1. 3-D CAD model of sandwich train roof.
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Fig. 2. The drawing of frame section of train roof.
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Table 1. The material system of sandwich train roof considered in
design stages.
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Table 2. The mechanical properties of materials used in the
structural analysis.

Skin Core Stiffener
Case 1 Aluminum Aluminum 6005A-T6
Case 2 | Aluminum | Boneycomb Steel
Case 3 5052 |polyurethane|  Aluminum 6005A-T6
Case 4 Form Steel
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Type Materials Dimension Properties

Aluminum E=69GPa
Skin 5052 t=1.2mm v=0.33
p=2700(kg/m’)
E11=O.13MP a
E22=O.17MPa
E3;=1400MPa
Cell size = 3/8 inch | Gi>=150MPa
Cell wall Gx=170MPa
thickness=70um G;=250MPa
Cell depth = 32mm | 01=0.996
02,=0.0001
013:0.0001
p=55(kg/m’)
E11=4.50MPa
Ezz:4.28N[Pa
E3=7.12MPa
G12=3.6MPa
0,=0.035
p=45(kg/m’)
E=69GPa
Fig. 3 0=0.33
' p=2700(kg/m’)
E=210GPa
Steel Fig. 3 0=0.30
p=7800(kg/m’)

Aluminum
honeycomb
core

Core

Polyurethane

t=32mm
foam core

Aluminum
6005A-T6

Stiffener

E: Young’s modulus, G : Shear modulus, v : Piosson’s ratio
t : Thickness, p : Density

Table 3. The selected elements to verify the 3D sandwich FE model.

Type Elements

I Sandwich shell 91(8-node)+sandwich option (Reference)
Layered solid 46 (8-node)

Layered solid 191 (20-node)

Shell 63(skin)/Solid 45(core)

Shell 93(skin)/Solid 186(core)

Wb W N

Table 4. The results of natural frequencies for the selected elements
at Table 3.

Mode ];}I;I;eﬁ)l Type 2 Type 3 | Type 4 | Type 5
1 2.03(B) 1.87(B) 1.37(B) | 2.02(B) | 2.02(B)
2 559B) | 222(T) | 3.77(B) | 5.57(B) | 5.57(B)
3 945T) | 3.66(B) | 6.10(T) | 9.38(T) | 9.36(T)
4 10.98(B) | 4.55(T) 7.42(B) | 10.96(B) | 10.93(B)
5 | 18.19(B) | 6.05(B) | 12.31(B) | 18.10(B) | 18.08(B)
6 | 19.11(T) | 7.06(T) | 12.35(T) | 18.9%(T) | 18.92(T)
7 | 2721(B) | 9.05(B) | 18.45(B) | 27.07(B) | 27.02(B)
8 | 2017m) | 9.83(T) | 18.92(T) | 28.96(T) | 28.8%(T)
9 | 38.03(B) | 12.64(B) | 25.85(B) | 37.81(B) | 37.71(B)
10 | 39.81(T) | 12.95(T) | 25.93(T) | 39.53(T) | 39.44(T)

B = Bending mode, T = Twisting mode
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Fig. 6. The boundary conditions for modal analysis.

Table S. The results of natural frequencies(Hz) for sandwich train

roof.
Mode Case 1 Case 2 Case 3 Case 4
1 67.4 51.6 477 373
2 68.4 529 479 38.6
3 69.4 53.9 50.2 39.6
4 72.6 56.5 S1.5 419
5 77.4 60.7 54.4 43.0
6 82.7 65.4 67.1 54.5
7 91.6 73.6 732 61.1
8 100.4 81.8 79.6 66.1
9 111.1 91.9 85.5 67.0
10 123.5 104.1 86.0 67.3
Weight(kg) 373.5 576.2 369.1 571.7
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Fig. 7. The loading and boundary conditions for structural analysis.

Table 6. Analysis results for sandwich train roof.

Case 1 | Case 2 | Case 3 | Case 4

Maximum deflection(mm) | 0.43 0.39 1.10 1.05

Skin 4.7 4.97 2428 | 2453

Maximum Core 0.04 0.04 0.03 0.03

principal
stress(MPa) Hollow
aluminum 8.65 8.89 14.55 15.55

extrusion

Total weight(kg) 3735 | 5762 | 369.1 571.7
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Fig. 8. The contours of the maximum principal stress of sandwich
train roof.
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Fig. 9. Comparisons of deflections along the bottom surface of
sandwich train roof.
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