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The Impact Response and Impact Stress of Glass/Epoxy
Laminated Composite Plates.

Moon-Saeng Kim* and Nam-Shik Kim **

Abstract

The purpose of this research is to analyze the impact behaviors of laminated composite
plates subjected to the transverse low-velocity impact by the steel ball.

A plate finite element model based on Whitney and Pagano’s the first-order shear deformation
theory (FSDT) in conjunction with experimental static contact laws is formulated and then
compared with the results of the impact experiments.

Because the input data and the output data printed at every integration time step are lots
of amount, these are interactively processed by the developed pre-processor (PREPLOT) and
postprecessor (POSTPLOT).

All results from these processors are automatically generated by CALCOMP plotter.

Test materials are glass/epoxy composite materials. The specimens are composed of
(0°/45°/0°/-45°/0°)2s and (90" /45° /90° /-45° /90" )2s stacking sequences and have 4. 5'X 200" X 200"
(mm) and 4.5°X300"X300'(zz) dimensions.
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Fig.1 Geometry of deformation in the x-z plane
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Table 1. Material properties of the specimens
and the steel ball

Naterial E: [GPa) E: [GPa] Grz o lka/ a* }

Class/epoxy ) 35.85 14.75 2030

Steel bail 207 207 0.30 7860
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Sla(.:king sequences [0° /45" /0" /-45° /0" 125 [30° /45°/90° /-45" /90) 25
Size 200w x 200L | 300w x 300L | 200w x 2001 300w x 3001

Least n . 1352 1. 480 1.617 1.462

square

fit o[ N/mm ] T 2.62E4 3.33E4 4.60E4 3. 4184

1.3 n 1.5 1.3 1.3 L3

pover

fit 6{ N/aa® | 3.35E4 3.3484 3.57E4 3.66E4

average F=3.48% 10 4'-%
Table 2. Loading law F=k o” for glass/expoy

with 12.7mm indentor
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0 ) Yo Jo
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1 fo b Jo
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200 A ¥ je LB
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s sd
i
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0 20 40 60 80 100

INDEHTATICH (. 001 M)

Fig.7 Loading and unloading curves for a

(0°/45°/0° /—45° /0° ) 25 glass/ epoxy plate
with n=1.5, q=2.5 and 12.7mm indentor
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Fig.8 Contact force and displacements for a
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subjected to impact
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Fig. 10 Ball velocity and acceleration for a
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Fig. 11 Strain and stress response histories for
a (0°/45°/0°/—45/0°),s glass/epoxy
plate at 2. 1mm from the impact point

A2 FA ofste] LA Adurl Aol A3

AlolA WALE 0] HEolo e dele A7H120~150

usec) o|FME Ko g4 23 Aol Ao

A% Zde Z dAsgen, T Azt o|FdAMe

AAHA AL vlxsht Alte] F715te) wla) 27}

A veRgth ol2d Kol we) AAA e

HhA7L 24As ] B Ao MzHEch

A 2} HFH et HR2AZR Mo} %7

A 2 d4R2 Ay dgen HY dL

Table 3o UYeliAth F2H RIoMe ke 2y

of ¥aiA ¢ & WHILT $Ho] ATk

Table 3|4 (0°/45° /0" /-45°/0°)2s9] ZZ=EE)q]

1200 20
: GLASS/EFOXY
a9 aQ o
1907457907-4579072s
4.5 ¥200u*200L (1)
900 - wopE 8 1 13
N
L
i
\
£ oo ’
%
0 f
I v
o X
L]
£ 300 X
v |
/]
X “
: u
, T
I o/ k
" /]
¢
£
>
[ ]
_gm.
¢ STRAIN-XK(F.E.N.)
....... : STRAIN-XXCEXPER.)
.............. : STRESS-XX(F.E.H.)
-600 T T T T T T T -10
0 80 160 240 320

TIME T (NICRO-SEC.)

Fig. 12 Strain and stress response histories for
a (90°/45°/90° /—45°/90° ), glass/epoxy
plate at 2. lmm from the impact point
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Fig. 13 Strain and stress response histories for
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plate at 2. lmm from the impact point

Table 3. Comparison of maximum contact force,
maximum strain and maximum stress
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Fig.15 Strain and stress response histories for
a (0°/45°/0°/—45°/0° ), glass/epoxy
plate at 44.2mm from the impact point
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