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The Effects of Curvature Change on Penetration Characteristics of CFRP Laminate shell

Young Jea Cho*, Sang Hoon Lee’, Young Nam Kim™, In Young Yang"

r Abstract [L

Currently, carbon-fiber reinforced plastics(CFRP) are widely used in both space and civil aircraft due to their superior
stiffness and strength to weight ratios compared to conventional metallic materials. This paper is to study the effects of
curvature and stacking sequence on the penetration characteristics of composite laminated shell. And were performed to
investigate the penetration characteristics of composite laminated shells by the oblique impact. They are stacked to [0/90:]s,
[905/05]s and [02/905/0]s, [902/05/90]s their interlaminar number two and fore. They are manufactured to varied curvature
radius (R=100,150,200mm and co). When the specimen is subjected to transverse impact by a steel ball, the velocity of
the steel ball was measured both before and after impact by determining the time for it to pass two ballistics-screen sensor
located a known distance apart. In general, the critical penetration energy interface decrease and slope angle on the impact
surface increased. [0;/90;])s and [0,/90]s specimens higher than [903/0;]s and [90,/0;90]s specimens.
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Fig. 1 Schematic of a 2-interface laminate stacking sequence
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Fig. 2 Schematic of a 4-interface laminate stacking sequence
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Table 1 The material properties and laminate strength

Types Fiber Resin Prepreg Sheet
Characteristics| (Carbon) |(Epoxy#2500)| (CUI25NS)
ﬁeg';;% 183x10° | 124x10°
Tensile
Strength 4.89 0.08 2.53
[Gpa]
Elastic
Modulus 240 3.60 138
[GPa]
Breaking
Elongtion 21 3.0 1.7
(%]
Poisons ratio - - 0.30
Resin Content - - 33[%Wt]
Curing
Temperature - 130 130°C x90min
[C]

Table 12 ZejZ 1 AJES E4A0H.

2.2 AEYY
2 Ao AHgd A¥FA TS Fig
of Jetdl 3 2ol F71E AdFATE
& F dM(air compressor)9} olojz <t

JE_‘%w

- 275 -



g zAYE AolA, FPEESE FA%E
ballistic screen sensor ¥ Az AzIT o

AlgH nAZA22 TP HAY
AFHE AT Aas 484 S84
BARde RE FAZAE HFEANLD £
e AN2E AHEEE Aol Fasith wetA
ASTM D-37369] H#E&A21E F1dty
47 R=200, 150 ¥ 100mm FHo| %
A28 ARsIATh =3 BFA AEH
WMol o3 mnyEs HAgn F
Agse] o3 AFoz JduyA7t &
AE H}As7] f4g Ade %
=g A Atoldl A A
Fig. 4= & Agd 8" 21 Aol

B o O Lo flr dM
>
N

X

or mu 2 (£l of o

A5F FAUAE 7 F Ao,
APF APH R T AR
2 20adY, FHadss aEs]
2 dFoMe 23d=E dAE vl
o] &3t ict.
AFEA 9% FFAEL A" A2
g Z=rt BAE Adyd A4 F
(magnetic chuck)& °]83t9 HPAZ oH,
Fig. 29) vetl 25} o] =g ¥3Fo
dEAEE FYHA

Mo Eol

3. A8l duf & nat

3.1 FeIEiT Wl e HSSY

Ho3 4= Wl ME BFFEAAS ol
27 A8 A& WEE Fo] & A3
Hell g BFAHAYES Pt Figs. 6347
o HFAr= W wE JABFTAYA
£ dHetdld. x Feo &% d FA9A y
Zo #F F EFANUAE dds Y

48 4523y #EHHY L£EAY

@Ioscope
r
(] 0
[+ o
@
—3

Air compressor r’“’ gun l Ballistic—Screen | | Specimen Jig

sensof

Fig. 3 Schematic diagram of impact test apparatus

(b) Curved shell fixture
Fig. 4 The fixtures for specimens

specimen

Fig. 5 The penetration experiment under oblique impact
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Fig. 6 Relation between kinetic energy after penetration
and kinetic energy before penetration, [0:5/90s]s, [903/03]s
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Fig. 8 Critical ‘penetration energy versus curvature
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Fig. 10 Cross section of curvature shell specimen with 4
interface
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Fig. 11 Relationship between critical penetration energy and
slope angle
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Fig . 12 Cross section of flat-plate specimen with 2 interface
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Fig. 13 Cross section of flat-plate specimen with 4 interface
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