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A Study on the Low Velocity Impact Response of Woven Fabric Composites for the
Hybrid Composite Train Bodyshell

Jung-Seok Kim ", Jae-Hean Lee’, Seong-Kyun Cheong™

ABSTRACT

This paper presents a study on the low velocity impact response of the woven fabric laminates for the
hybrid composite bodyshell of a tilting railway vehicle. In this study, the low velocity impact tests for the
three laminates with size .of 100mmx100mm were conducted at three impact energy levels of 2.4J, 2.7] and
42J. Based on the tests, the impact force, the absorbed energy and the damaged area were investigated
according to the different energy levels and the stacking sequences. The damage area was evaluated by the
visual inspection and the C-scan device. The test results show that the absorbed energy of [fill]8 laminate is
highest whereas [fill2/warp2]s is lowest. The [fill]8 laminate has the largest damage area because of the highest
impact energy absorption.
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Table 1 Design steps for bodyshell of railway coaches
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Fig. 1

Hybrid bodyshell of the tlting train.
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Fig. 2 Autoclave curing cycle.
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Fig. 3

Impact test machine and damage detection system.

Table 2 Material properties of CF3327 carbon/epoxy

Material properties Fill Warp
Tensile modulus (GPa) 483 55.5
Tensile strength (MPa) 548.9 642.2
Inplane shear modulus

(GPa) 3.65 3.81

Inplane shear strength

14.71 .
(MPa) 114.7 123.38
Flexural modulus (GPa) 46.43 48.54
Flexural strength (MPa) 775.64 797.47
Interlaminar shear strength (MPa) 75.28 75.39
Poisson's ratio 0.070 0.099
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Fig. 4 Impact load history for impact energy of 2.4J
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Fig. 6 Impact energy history.
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Table 3 Impact and absorbed energy

Absorbed Absorbed energy
Impact energy
energy rate
2.45]) 1.90] 77.5%
2.76) 2.15] 77.9%
4191 3.29] 78.5%
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Fig. 7 Images of front and back surface of samples under 2.4J
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Fig. 10 Delamination area after low velocity impact for |fill]s.
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Fig. 11 Impact lead history for laminates with different stacking

sequence at 2.4J.
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Fig. 12 Delamination area after low velocity impact for |filly/wampz]s.
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