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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
4.2). 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 T Design steps for bodyshell of railway coaches
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Fig. 1 Hybrid bodyshell of the tilting 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) 48.3 3355
Tensile strength (MPa) 548.9 642.2
inplane shear modulus
.63 3.8
(GPa) 3.65 3.81
Inplane shear strength
i 114.71 23.38
(MPa) 12338
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. 5 1Impact load and displacement curve.
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Table 3 Impact and absorbed energy

Absorbed Absorbed energy
Impact energy
energy rate
2.45] 1.90J 77.5%
2.76] 2.15] 77.9%
4.19] 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. 8 Images of front and back surface of samples under 2.7J.
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Fig. 11 Impact load histery for laminates with different stacking
sequence at 2.4J.
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Fig. 9 Images of front and back surface of samples under 4.2J.
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Table 4 :]l:llz)xljj and absorbed energy for the different stacking sequence
3.2 75}%‘{_'\"‘ } E}'% %Z‘L‘_él_/%} Laminates Absorbed energy Absorbed energy rate
A AHTd =5 AAe wAE Az @i [fill]s 1.90 77.5
[fill]s®] AFE 7 A#bE i ‘iltla vl Table 26 4] [fllwarp/fill/warp), 1.86 76.1
& = %ol A HEEHE HixE ZE =y 4o [fillywarpa], 1.79 73.2
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Fig. 12 Delamination area after low velocity impact for [filla/warpa]s.
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Table 5 Measurement result of delamination length (unit : mm)

Impact energy

Laminates
2.4) 2,701 4.2
[filt]s 8.1 113 17.4
[filly/warp.], 83 8.85 15
[fill/warp/fill/warp], 8.2 111 14.7

4. 4 &
o4 ATLE Ful vheu 2 ARE U 4 YU

oy A2l vl&Le 77.5% ~ 78.
ofj v A} 7}

Sl AT A9 4 FAsERAA F4H
%

2) AE Aol BB $A4A%

[
¥e xoli g
L

o) [fillke] ALole

iy 5y [y 3
Ae sbgRont A3E AFwa e A4
wapol FAUASHAl BEE HF7ad /T How
=

[fill/warp,]s o] 7} Zokch ol4kel
145349 WA [fillywarp), 2
A et Zew wodc, ey
oAl FF WwEgo Ry ARy s A

http://www.railway-technical.com/train-maint.html.

M. Hintermann, “Composite Processing Technologies for
COMPOSIT
Composite  Manufacturing  for Transportation Applications,
Germany, 2002,

S. Abrate, “lmpact of Laminated Composites:
Advances,” Appl Mech Rev 1994, Vol. 47, No.
517-344.

S. Abrate, “Impact of Laminated Composite Materials: a
1991, Vol. 44, No. 4, pp.

Railway Applications,” The Workshop — on

Recent

11, pp.

Review,” Appl Mech Rev



d518% 3 4K 2005, 6 stojEEs BgA HEAF A HE HEHo ALFAEY 47

155-189.

5) M. 0. W. Richardson and M. J. Wisheart, “Review of
Low-Velocity Impact Properties of Composite Materials,”
Composites Part A 274, 1996, pp. 1123-1131

6) Y. S. Lee, K. H. Kang, O. Park , “Response of Hybrid
Laminated Composite Plates Under Low Velocity Impact,”
Computer and  Structures, Vol. 65, No. 6, 1997, pp.
965-974.

7) T. W. Shyr and Y. H. Pan, “Impact Resistance and
Damage  Characteristics of  Composite  Laminates,”
Composites Structures, Vol. 62, 2003, pp. 193-203.

8) M .V. Hosur, M. Adbullah and S. Jeelani, “Studies on the
Low-Velocity  Impact Response of Woven Hybrid
Composites,” Composites Structures, Vol, 67, 2005, pp.
253-262.

9) G. A. 0. Davies and D. Hitchings, “Impact Damage and
Residual  Strengths of Woven Fabric  Glass/polyester
Laminates,” Composites Part A4 274, 1996, pp. 1147-1156.





