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Probability Analysis for Impact Behavior of Composite Laminates
Subjected to Low-Velocity Impact

Seung-Chul Ha', In-Gul Kim~~, Seokje Lee’, Sang-Gyu Cho’, Moon-Ho Jang”, and Ik-Hyeon Choi

ABSTRACT

In this paper, we examined impact force and impact behavior through low velocity impact tests of composite
laminates. And through c-scan as nondestructive inspection, explored the damaged area being difficult to
examine with the visual inspection. Through CAI tests, we also measured the compression strength of
composite laminates subjected to low velocity impact. To examine the characteristics of impact behavior
measured from low velocity impact test, nondestructive inspection, and CAIl test, the simulated data are
generated from the test data using Monte-Carlo simulation, then represented it by probability distribution. The
testing results using visible stochastic distribution were examined and compared.

Key Words : A <27 (low velocity impact), &3} &3 (composite laminates), CAl(compression after impact), g
EZ2 A|E g o]4(Monte-Carlo simulation), & X 3 (probability distribution)
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Fig. 1 Photograph of drop weight impact tester.
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Table 1 Material properties of Gr/Ep [0n] unidirectional laminate

Symbol Unit Value
Young's modulus
along the fiber direction Eu GPa 129.1
Young's modulus
along the transverse Ez GPa 8.1
direction
Axial shear modulus Gu GPa 3.6
Axial Poisson's ratio Vi2 0.28
Thickness h mm 0.125
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Fig. 2 Dimensions of specimen and the position of a strain gage and
specimen fixed by clamps.
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Table 2 Impact test matrix
Specimen no. | Thiekness | TR B | veloiy
(kg) O] (m/s)
SACMA1 2.29 3.021 15.34 3.19
SACMA2 3.44 3.021 23.32 3.93
SACMA3 4.59 4.664 30.73 3.63

Table 3 Photographs and c-scan images of specimen after impact
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Fig. 3 Impact force, displacement-time history.
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Fig. 4 Test jig for CAl
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Fig. 5 Compression force - strain history.
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Fig. 6 Applying nommal distribution to each experiment data.
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Fig. 7 Stochastic distribution for maximum impact force using the Monte-
Carlo simulation.

LHoAL HEZIST ] oke AlFS KAy 9
CEH7FER AlgdloldE ©]83t3ItH6]. Fig. 63 ol
o ATl AAH AFFe BEAXNES o83 AT
223513, 8000719 ©lolElE A Adgolg
ol e HlES 1T Ao el Had
Fig. 73} 22 A2 FAREZE W=

_(?L
>
N

N
N
N
N
Jlm flo ot

fr J
o
At

ox i

ot
&
< o
2 W

AZe BAREES olgsh BAYHE &) W
AT FansEe BASHE SHEA WuT 9 B34
o] mElE BAE Sl AARNA A U= A8
o AFF 5 vk
3.2 4EOlo[E] &4

A&ZALEANA D5 HAFAEY, FoluA, 0ok
o W, MDA B 2HT £4e, CALRS
PETES dSHF s BHFIER AlEdolds 285}
WAES] AUAS v, BA sk

300 T - T T T T
SACMAT ;v :
— - SACKAZ [
240 “ 1
el
: |
ook l ‘I r]”l/\”l’ﬁl;; 4
g
2 qa0 ? it g 1
= ; i
S : ll fx" l“'\
; : \
100 F o thyj . l 1
}! |
sof i b 1
[ 3 ﬂ; \/lk.
i A \’ i i L
i & ) 10 12 14

Damaged Area, C-SEEH(EH‘IQ)

Fig. 8 Damaged area distribution.
Fig. 8% 2™ SACMA39] 79 th& AlHo| Hl3] &4
%] qm WAL 2 AE AT sld, E4gel) ¥

27 =

r]rééé

- CAIEE Ao ok
By SACMA37} EArg ool gk

vl XA "o Fig. 98
ol A7 7 A

i o

tebtn CAEY AdgEelAE Bt by As
tebd Ae BRI & ok 22 ol3E CAMEY 2
HPE 4AZoAE SACMA3S] A7t |A7E 24 e
A% AT 5 Ugich
300 T T T T T r
sacMal | :
—-— - SACMA2
250 ———SACMAZ | fjl - 4
i ¥ | [\ "AI
glj W W
200+ il LR R
ol ‘44
& iu R
5 : H l‘ﬁ !
£ 1mp : by Wt g
s RN
° | |
100t fefeealy i 1
By \
Eeopl
50 : : ; !Ir o] \\1
| & v h 1
'J/r Mw \v\
; A T
20 &0 70 80 80 100 10

Maximum Compressive Force(kh)

Fig. 9 Maximum compressive force distribution.
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