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Comparative Study on Low-velocity Impact Behavior of
Graphite/Epoxy Composite laminate and Steel Plate

Changduk Kong”, Yeonggwang Kim’, Seunghyeon Lee’

ABSTRACT

This study was performed to make a comparison on low-velocity impact behavior between graphite/epoxy
composite laminate and steel plate. In order to validate the proposed scheme for the impact behavior of the
plate, the Karas's impact model was used.

The impact models for this comparative study are the graphite/epoxy composite plate having [0/90/45/-45/-45/
45/90/0]ss laminate sequence and the steel plate with a steel ball impactor. The low-velocity impact behaviors
for two types of plates were comparatively investigated and performed by considering different impactor
velocities and weights respectively. In this investigation, it was found that the composite laminate has impact
energy absorption effect due to more flexible behavior than the steel plate, and also it has better characteristics
on impact damage and weight.
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Fig. 1 Finite Element Model of 2-D Shell Plate and Steel Rigid Ball.
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Fig. 2 Contact Force VS. Time (Karas Example).
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Fig. 3 Displacement VS. Time (Karas Example).
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Table 1 Contact Force VS. Time Table

Time(sec) Karas Results(N) FEM Results(N)
0 0 0
5.611E-06 205.02 22.27
1.122E-05 544 .81 592.48
1.683E-05 904.62 852.99
2.244E-05 1206.61 1222.80
2.806E-05 1395.60 1335.12
3.367E-05 1444.78 1422.42
3.928E-05 1354.27 1489.30
4.489E-05 1157.24 1466.13
5.050E-05 889.66 1309.15
5.611E-05 598.59 1174.71
6.172E-05 327.35 1026.33
6.733E-05 113.42 683.74
7.294E-05 0 498.49
7.602E-05 0 33.19
8.000E-05 0 136.33

Table 2 Displacement VS. Time Table

Time(sec) Karas Results(m) FEM Results(m)

0 0 0
5.611E-06 8.6000E-08 6.8510E-07
1.122E-05 3.9500E-07 2.2171E-06
1.683E-05 9.9800E-07 3.0865E-06
2.244E-05 1.8860E-06 4.7590E-06
2.806E-05 2.9890E-06 5.5044E-06
3.367E-05 4.1980E-06 6.1698E-06
3.928E-05 5.3990E-06 7.5882E-06
4.489E-05 6.4830E-06 8.0937E-06
5.050E-05 7.3700E-06 8.2062E-06
5.611E-05 8.0330E-06 8.2338E-06
6.172E-05 8.4620E-06 8.1465E-06
6.733E-05 8.6580E-06 7.9823E-06
7.294E-05 8.6310E-06 7.7530E-06
7.602E-05 8.6310E-06 7.4471E-06
8.000E-05 8.6310E-06 7.1240E-06
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Table 3 Material Properties of Steel and Graphite/Epoxy

Steel Graphite/Epoxy

E = 210GPa Ey = 135.4GPa
v =103 E: = E; - 9.6GPa
o = 7850kg/m’ Gr, = Gy = 4.8GPa

- Gz = 3.2GPa

- v =031

- h = 0.125mm

. p = 1580kg/m’
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Fig. 4 Plate Displacement VS. Time of Steel Plate,
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Fig. 5 Plate Displacement VS. Time of Composite Plate.
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Fig. 7 Contact Force VS. Time of Composite Plate.
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Fig. 8 Plate Energy VS. Time of Steel Plate.
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Fig. 9 Plate Energy VS. Time of Composite Plate.

32 =Y FH molMel &4 £d NEEH oM

ool FAA SAE A&FANA glolr] FRBUS 5
A HZue] vudie YEY E
ol Welzolo] e WS B - 9gin

4
8ply(Imm)e} 16ply(2mm) E3A] HESH-E BAStL, 22 5
72 ZAEEnE st A vy =3 st ol
BEA AEue A3 *1” 8ply T} 79 [0/90/45/-45])s=
BARFA T, l6ply The] 7 [0/90/45/-45]zs§ wapstglch 2
B zmgoll A= “’IEH‘G‘ZE“O]’K‘ HeHA] 2 AR B d
Tl AMg-E Zof FARL 5kg4 FEATE FAARE Fho
& InysHE Smis7hR| 9] F-ol digt 7t iAE W
gt
A B HFH oA} Skgo| ZHEFE 3mis
o &g AL 2 7|HE gply H5HY
A wel &4 oAYAst FHI] TS ¢ 5 UG 7
Zo) £x=of tigh o FZAAA &94 £ oYz g2 Table 4
9 50 WAJEIRL, Flg 10, 112 57 Imm e oz #
3} dej=old, Fig. 12, 13% FA 2mm #O] oz Wzt
O sLojth



204 5 ¥ 2007. 10

Eha/o]

A B A3

Awel 4457

715l

e

2

H] 3

az

Table 4 TImpact Energy Loss of the Plate (1mm, 8ply)
9 - J
Steel Composite
1 m/s 0.0257 0.0105
2 m/s 0.0497 0.0615
3 m/s 0.1198 1.8090
4 m/s 0.1597 5.1956
5 mis 02732 16.8080
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Table 5 Impact Energy Loss of the Plate (2mm, 16ply)
@9 ]
Steel Composite
1 m/s 0.0923 0.1284
2 m/s 0.2303 0.2283
3 m/s 0.3752 0.3296
4 m/s 0.5752 04772
5 m/s 0.6665 0.7267
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Fig. 10 Plate impact Energy VS. Time of Steel Plate (1mm).

Fig. 12 Plate impact Energy VS. Time of Steel Plate (2mm).
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Fig. 11 Plate impact Energy VS. Time of Composite Plate (8ply). Fig. 13 Plate impact Energy VS. Time of Composite Plate (16ply).
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