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Penetration Characteristic of CFRP laminate shell by the curvature
-A focus of fracture mode by the penetration-
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ABSTRACT

CFRP composite materials have wide application in structure materials of airplane, ships, and aero space vehicles
because of their high strength and stiffness. This paper is to study the effects of curvature and orientation angle on the
penctration characteristics of CFRP laminate shell. They are staked with 8 Ply specimens [02/90,;, [0/90,/0]; and the stacked
of outer plates degree with 12 Ply specimens [04/90;]s, [02/90,/0]; and [905/03], [90,/02/90]s. They are manufactured to varied
curvature radius (R=100,150,200mm and =°). They are cured by heating to the appropriate harding temperature(130 C) by
mean of a heater at the vaccum bag of the autoclave. Test specimens were prepared with dimensions 100mm X 140mm. 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 ballistic-screen sensor located a known distance apart. In general, kinetic
energy after impact-kinetic energy before impact rised in all specimens. This study observed a fracture mode inside the
specimen after a penetration test using a digital camera and it examined a fracture mode and a penetration mode to stack of

outer orientation angle and curvature.

Key Words : CFRP (& &~/ 573823 7]), Stack of Outer Orientation Angle (2] 5 A5 5),
Fracture Mode (33 2.E)

1. AR 2 2Hde] HeE g HFTERA do 24

o8l #®EHd Fol HaAgcoer #oh a2y

A2 F=2F A== S FERD I 4R CFRP dZ e 24 #% 49 2 ¢|8 =£F
2487 ©Hadw A EFA(Carbon  Fiber = HE B2 Addeds Z2e H F2EL 44
Reinforce Plasties)= Ll T8 A= H: HFA Y 2 &3, BFdde] QFEeH, 28
2 H|Z=Er D Ed HERd -k 539 £ #Ze {9 dH2 ASFZAAYEE B3 &4
Fo2 ZAEE 59 T 9 EEEAS} 27HE B 2 A d4o] diFEEelth gt HAA 7F
Al #F7], FFHEA, AT iz Eodl 214 F2FA4d 534 L= FEA717] A 7

AEET gk 2EY HS5RAE 283 zAtaE BHe7] Hd H=FA4=E #Hal, FE8H
Aol FEA} BE dAMT LG TH5E g, HF T WHE 3 AdTe HzE H g5
ersicbe ook oM SIS F2FA A o ofloidd =g BEdds Wd F YA

g3 dHE WA 499 2A8E0 o8 2 4AE SRH0ch =4 BE F A9 YR
AAE % 44, BERA 29 790 ¥F 249 39 od R BERSE BEHS] 96 o
Holu, o5k HEe) A FzEAY 4 s lolBE 82 239 AERY IV ARHL

1434



Adg & BsE=E ofxd sheekE olgste &
detglon HHATAE Ha, AdTe Wy 2 F
EubEe] e m2 BIRESL I A o
# nEsgck

2. U

21 AlH® M=

E AFdMAe CFRP AF R A7 A L25A
o] ]84 AL 4Hsld 43S FEE A= HE
HEAE AEHez Algsisick AEHY AR
Zy AFoAd 24 #2333 F A3 H4EEFHE
Eo LEE°IE (Autoclave)E <] &8t A
t}. A (Chamber) & =<l A s]efd] 23]
HEd 2 130T, FEADE 90 Eo2 Fle] 4
AL Al on, 42 AFTHZA oA
e £2 10'Pa 747 ABAZ E Az
el 2Fde] Sz RE 3x10°Pa HE 7
A7 Azbsisch At ZelEdas T ge]s
8] CUI2SNS 24, 2 EAR]E Table 13 2ok

2 Ao Algd AlgHe] A5 342 8Py &
2 [05/90,]s, [0/90,/0]; ©]™ 12Ply A= ezt =
7F 0°3] [0s/904]5, [05/90:/0); ¢t HHAFH =7 90°%]
[90:/05]5, [904/04/90]: 24 2 AW T2 2 AP T=
2 #EE AZEGh Fig. 1 2 248 A|EH]
A2 HEd dZE2 dFPHS Jeled Fg
25 449 AEHEe HAF T2 AHFd dE A3
HEE velylich AgHe] SEWEE CFRP A%
A7 dAGEEA o]8 H AL Azl F
7] gihe dddez2 AlEEE ZEHNEE o,
100mm, 150mm, 200mm = FE4&eden] Aztd A
HH2 chelel2E E& REd Ale " FdEo0E
o] 23} 100mmx140mm 37|12 FPEEck B A
Tl A1EE AlHHE kS Table 2 o] hElich A
= [000]s 2 AFTH AEHLE FHFTHEE 0°,
AdTe 2 Aeld BERES HHRUEE R20,
R15,R10 22 g4¥sle] Alsisict.

Table 2 ¢} o] Aztgy AgHE 7122 B A+
qMHE As C,Be DE B o= FAe] H
gd b2 #E54E nEslnal s ¢ 4 E D
¢ F & Hudezd HFHAE Hald o= #@
FE4E naEslnal giok el 4 717 Hee] &
EVEE dEgoe=2s ZEMAE HaEld dE B33
4L nEslnA g,

Table 1 The material properties and laminate strength

Types Fiber Eesin Prepreg Sheet
Characteristic ({Carbon) |(Epoxy #2500) (CTT125H73)

Density [Egi®] | 1.83x10° | 1.24x 10°

Tensile strength

4.89 0.08 253
[ Fe]
Elastic modulus
240 360 138
[GFa]
Breaking
elongation 2.1 3.0 17
[#4]
Poissons ratio - - 0.30
Resin content - - 37 [26 W]

Curing temperature

[&]

130 130 24 S0mein,

Table 1 Specimen definition

< Ply Stacking Interface Curvature
e
P Ho. sequUEnces Ho. Radius[mm]
A 0/ 90 2
2Py [02¢905];
[04504/0]5 4 R
C [024905]5 2 k20
D 0,/805/0 4 E15
12Ply [02/90:/0]5
E [905/05]5 2 E10
F [90./0:/80]5 4

Fig. 1 Schematic of a 2-interface laminate stacking

sequence

Fig. 2 Schematic of a 4-interface laminate stacking

sequence
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Fig. 3 Schematic diagram of impact test apparatus

(a) for flat plate
Fig. 4 Cireular clamping fixtures

(b) for curved shell
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Fig. 7 Cross sectional shape (flat plate, RU)
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Fig. 8 Cross section shape {(curved shell, R10)

3.2 H2|B2tT HElo] g fHEsRY
AAFHE Hald] dE JABZAA]E Figs.
10, 11 9] Jelyich Figs. 10, 11 & B FHZ2z=
7h 0°9] AlEHEe] 90°9] AlEHEC A B EA
27t A debdoh ole BEALFH FgL @

1437

IF b A ﬁ u;ﬁ

W e , _ T "“ﬁ;

(1 ' + = .f:: @
(a) (B)

Fig. 9 Laminates® erack pattern

40

— » CRU /
= T & G-R20 7
2ol v cRi5 el
2 s C-R20 *‘/"5/"‘
g /l./(d a
5 S
=20 el %
N s
25
z ¥
E 10 s E-RU |____]
s A E-R20
5 5 v E-R15|-—
= ¢ E-R20
o i 0 15 20

Kinetic energy after penetration [Joule]

Fig. 10 Relation between kinetic energy after penetration
and kinetic energy before penetration, [05/90;]s, [90/0s];

.
=]

e D-RU .
B s pR20 P
ol ¥ D-R15 - /
* D-R20 X)‘
j rF

[~
th

F-RU

F-R20

F-R1&

F-R20
5] =

) 5 0 15

Kinetic energy after penetration [Joule]

L

Kineticenergy befare penetration[Joule]

20

Fig. 11 Relation between kinetic energy after penetration

and kinetic energy before penetration, [0,/90,/0]s,
[90,/0,/90]

= g, B dFdMst 2ol #EAHA feiAs
O AgS rlase, dgd J1dsA "ot meb,

HZde] FA izt
HAEHoh

Fig. 12 o] |8 ®Hzd =2 4488 ddze
UEldch Fig. 12 8 d9 29, RE AJEHEH glo
M ZEo] FoHetd gzt dAdFAERE dEH
22 Ziele HAEgE Eolm ¢ch o= CFRP

ZHo2 B5E AW



U FYF FHsF slold A HEHEE
Al Fgd 23 HEL R AHRE Filks
HhE BEEAYY AEHE :‘EQOﬂ 2fF HE R
OMEJr g HHol] g FHAHRE FTE T
dstA sel 3 2% o g2 0;1?413*%01]14?1% z

=tk

Fig. 13 & 2& R=150 9] 2 AL 7HAe 9
ZZE=7 90°3] AEHEF 0021 AEHEY dHEHES
el sick L Fig 14 &= 28 R=150 & 71R& F
A =7 90°%] AEHEF 0091 AHHe] FHEHE
etk 2 AgE 2 AEEy e deHEy
0°31 AlEHE2 A AFdlA ool AlHHS F
Hall AEelA 7t 2 3948 BdFn gk
®3 4 AEE 2 A dEg 2 EE H
AZAEF 007 AEH2 AdA A4 90°%]
AEEHE A Ao s 2 39 4o

=
=

z s (090,

2

=) ® [90J0] 0% outer ofie ntation //’::7
=1 H & 10800,

| R |

B A

E 15 ] & ,,__/ =
= i ¢

£ i je

E =t rs T

R 12— B —muad=

% Ck_—:_’__i I it 0% guter ofientation

Z 1

E I

o 0000 D00z 0004 000G 0008 001D

Curvrature [m'1]

Fig. 12 Cntical penetration energy versus curvature

(a) [02/903];

(b) [90/05]5

Fig. 13 Cross section of curved shell specimen with 2
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