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The Behavior of Tensile Fracture for AI/CFRP Hybrid Composite Material
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Abstract : The hybrid composite materials are recently used in many field as an advanced material due to their high
resistance to fracture. However, hybrid composite materials have several problems, especially delamination, compared
with homogeneous materials such as an aluminum alloy, etc. In this study, we carried out the tensile test to study
the tension failure appearances and tensile ultimate strength of CFRP/AI/CFRP hybrid composite materials. The CFRP
material used in the experiment is a commercial material known as CU175NS in unidirectional carbon prepreg, Also
AVCFRP/Al hybrid composites with three kind length of a single edge crack were investigated for the relationship
between an aluminium volume fraction and a crack length. The crack length was measured by a traveling microscope
under a universal dynamic tester. Futhermore the stress intensity factor behavior was examined according to a volume
fraction and an initial crack length ratio to a width.

Key Words : carbon fiber reinforced plastics (CFRP), hybrid composite materials, delamination, stress intensity factor,
apparent stress, volume fraction, tension failure appearance
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Table 1., Compositions of the fiber and resin in CUI175NS

prepreg
Material Fiber , Resin ; Resin Total ,
Wi(g/m’) Wit(g/m") | Content(%) | Wt(g/m")
CU175NS 17542 90+9 3442 265+11
Table 2, Compositions of the Al 2036 aluminum alloy (%)
Material | Al [ Cu | Fe [Mg [Mn | Si | Ti | Zn |Other
Al2036-T4]958 | 2.8 | 04 | 0.5 | 0.2 | 0.04 | 0.15 [0.021 0.08

Table 3. The mechanical properties of Al 2036 and CU175NS

Tensile Yield Elastic Poisson's
Material Strength Strength Modulus Ratio
(GPa) (MPa) (GPa)
A12036-T4 0.32 153 71 0.3
CU175NS 3.7 124 0.28
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Fig. 1. Example of AlI/CFRP/Al laminate lay—up.
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Fig. 4. Schematic diagram of experimental apparatus.
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Photo 2. Fracture configuration for CFRP/AI/CFRP hybrid com—
posite specimen((a) 0.3mm Al, (b} 0.5mm A\, {c)
0.8mm Al thickness).
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Table 4. The comparison of the ultimate tensile strength
between the theory and experiments for CFRP/Al/
CFRP hybrid composites

Al thickness(mm) 0.3 0.5 0.8
CFRP Volume
fraction(%) 67 5 s
Theory(GPa) 2.58 2.16 1.72
Experiment(GPa) 2.3 2.1 s1.7
Ohe =ch0'cf+ VinOm (1)
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posite(Al thickness = 0,3mm).

o] & 9] L4mm HR|NA] edubet H Aok

Fig. 69 (b):= Al 7| 0.3mm, ayW=0.5Q1 %%
o she-H9] A=<t 2E4HL0lN) BAS
UERH, (0= Al 57 0.3mm, ayW=0.6%1 7>
£ Uehdth o] £ Fe:= ayW=042 F92
AR %ol Ustth o] eg Hot Al £7 03
mm¢<] AVCFRP/Al AJ&)H-& CFRP THhA] Al =7
0.3mmi= AFBZERA ] 2 ¥ 74 25}
o CFRP2| F/dutio] w30z xFelo] As}
33k

Fig. 79| (2)= Al £7) 0.5mm, ayW=0.4Q1 3%
o] sE-Hel A=t ¢ E9ELoN)Y BAS
L B o B e A IR B e B b
6.64KN7HX] Aoz Z7ket & ¥9) 1.43mm 9

Journal of the KOSOS, Vol. 24, No. 2, 2009



Al/CFRP 50| 22| E SEA

12 it}
10 :Load(kN)
fa 15
8
] 7
Q6 108
=3 ]
(s <]
4
15
F)
] Q
il 65 1 15 2 25 3
Displacement (mm)
(3) ao/W =04
12 20
== Load (KN)
1t —fs
15
g1
PN
g 6 F lﬂg
Q ]
— <
4
45
z -
[/ 0
1] 0.5 1 1.5 2 25 3
Displacement (m)
(b) ap/W = 05
12 20
w0 b ~Load (1Y)
—la 15
l
)
g6 10E
3 4
4
5
2

il 0.5 1 15 2 25 3
Displacement (mm)

(c) as/W =06
Fig. 7. Load—displacement and crack extension length varia—
tion of a fracture test for AlI/CFRP/Al hybrid com—
posite(Al thickness = 0.5mm),

Ao CFRP7} H-E22%1 Fatuti] 7} sk o
U o] & CFRP9} AlQ] 80| A& A% W 47|
& wHEsith 1) 1.63mm XAl CFRP7F 244
ek =90k o] o Al T A ghal
A%, BAE WRESE HY 1.92mm |4 2
Aupd =k Fig. 7(b)= Al 57 0.5mm, ayW =
0.5¢] 7<%, Fig. 7(c)= Al =7 0.5mm, ayW = 0.6
ol Ao shg-He M=ot FE8Z0l(Aa)2]
HAE Jehdo. of Ao ¢ Fig. 7@ 7
-2F FARsE ko] vttt

o] ATtE HE Al F7)] 0.5mmS] AVCFRP/Al A]
L CFRP m1dA] Al F7) 0.5mmi= CFRP2] 3
ARIE AR st AAA AHHY] whts A
AAZTE olw AlFO] HH &L 77%00 gt

$HROKNSIE|K|, H24 K23, 20094

22 oI FUIHE

12 20

~— Load (kN)
10 |
—la 415
8
g 2
g 6 10:
3 <
4
5
2
[ il
0 0.3 1 1.5 2 2.5 3
Displacement (mm)
(a) ao/W = 0.4
12 20
0 —Load (&N}
—La 415
g |
g g
‘% 6 r -1 ID\;
3 <1
4 L
15
2
0 o
Q 25 1 15 2 .5 3
Dasplacement (mm)
(b) a/W =05
12 20
w b ~Load (kN)
—Na 15
g F
g g
g6 108
3 4
4
5
2k o
0 4

0 05 1 15 2 25 3
Displacement (rm})
(c) a/W = 0,6

Fig. 8. Load—displacement and crack extension length varia—

tion of a fracture test for AI/CFRP/AI hybrid com—
posite(Al thickness = 0.8mm).

Fig. 8 (a)~(c)= Al %7 0.8mm, ayW=0.4,0.5,0.8
ol Hool alF-e] Mol FAAALo|)Y
AE vk shgo) stajaly] Azistel H)
Sl57 AHAOR F7Ke FoE CERP7} 919
shehElx) b MRACE Made Fduinzt
sgalolch. E3E AL 57 05mme) A9AF o
% CERPS} Alo|A ] 29 4% 9@ AA7E s
Cp} CFRP7} 9 shersjgiek. o] el AlF-S
TherE X o e AR, NS PR W
3t} W9 2.65mm, 2.2mm, 2.0mm $JA o)A ¢4
shehE|ofch. Fig. 89] ASeli Al 3 H2o] vl
) %79) CFRPZo] $h4l mhetelo] 21 F o ¥
slaleo] Qaol A Algo] HRE A A
atelo] Zojska CFRPE] HA4ubrlo) W 3%

27



TS,

g

g

Ke(MPa m¥?)

° ; . ; )
40 50 60 70 80 90

Aluminium Volume Fraction{%)
Fig. 9. Critical stress intensity factor(Kc) with the aluminium
volume fraction at various ap/W ratios,

T E A7ste HAA AL AFH wFS A4
AZ1AL &S vehdch

Fig. 9= ayWe| #izto] w2 AVCFRP/AI 3}o]
HIE E3R0 AlF9] AHgHstd ozt Ke
o] £25 vehdl T8 Zo|oh Kk 4] ()0 2

8l ARt

P

K,o=—
¢ ww

Flay/ W) @

A7 his ARE FAolY fayWyes T3t
2.

Stan
an——,
oW
flay/ W)= o, €)
OSow
g‘l o 7ra0 3
x [0.752+2.02( W)+0.37(1 ST W) ]

AL vl Al EAZF03mmY AS ayW7t 2
7Vt EE]-E} KC7} 93, 154 18]31 191MPa v, Al
7 0.5mmY F-S- 117, 157 1831 187MPavm,
0.8mm<Y -9 87, 123 183 15IMPavm 2.2 1}
e} AlZe] F77} 0.5mmel A =gl T6%]
Tshel gto] 2812 oJaslo} Rashs AL o
olth. oA AUCFRP/AI SjojH s Baxe )
215 v CFRPo]| TjFt Ale] S7ju1E nsjob o
& Yehatt,

4.2 E

AU CFRP A S22 AR Al 20363

28

__Il_l

=

28,

T

& ©]435}o] CFRP/AI/CFRP Y Al/CFRP/AL 3}o| B
= ERAE AR & dAARAZE 3t
of BFY 4 FEJANAE FrIste] ohat
g2 AdES Ak

1) CFRP/AI/CFRP 3slo|EZE EFRjg o4 Al
F7 0.3mm} 0.5mme] 739, CFRP 2|g-F-2o] ¢
Aok Al AFE ARl v sFFFel AE
= Al Fof o2 AEHEA aede
AASHA EFpaL A FAlo] w2 weE| Qi) 8
mm?| 7-¢- CFRPO] F-E2Q] shehd ol b
o2 XZsHEA Al CFRP Ato]ofl AwEe]
7F Qofubal Al 20365-0] 71573t BAdE 4o
HA RSIE-E BF Jysitiyh HSHy vk
= 3lot.

2) AVCFRP/Al dlolB Rl E3lAlg oA Al F+
7 03mm<l sto]H|E EFYPRY Hol= 3
< @9t CFRP7} wiets= w7t sk2 ™
A EShAL Al9] #Eo] S X S
Fo1ik. Al 77| 0.5mm ©)/Fel 7<= CFRP o}
A CFRPE| HAGuta & A5t AA2 Y Al
Ho whehE A AAF -

3) AI/CFRP/Al slojE & B2 oA KC= Al
Z7) 03mmY A-$- ayWERE 93, 154, 191MPav/m,
0.5mm¢ A-$- ayWERE 117, 157, 187MPavm, 0.8
mm A% ayWHZ 87, 123, 15IMPav/m 2.2 1}
Ehk o, Al 0.3mme| -9 a2 s}t A et
U CFRPO| opetst A AlEE A 9] whehaldy
ol FAFE & + UL bl AlF2] FA7L
0.5mm?l H|2g-o] 76%ol =HshA gho] 23]2 o
dsfe] gast

12

re

oz

1) H. Asauma and O. Haga, J. Ohira, K. takemoto and
M. Imori, “fabrication of CFRP/Al active laminates”,
JSME International Journal, A, Vol. 46, No. 3, pp. 478 ~
483, 2003.

2) T. X. Mao and J. H. Han, “Tensile fracture of car-
bon/epoxy aluminium laminates”, ISCMS/II, China,
August, pp. 899 ~904, 1992.

3) T. X. Mao, J. H. Han, J. L. Qing and F. L. Dai, “An
experimental study of bending behavior of CALL
hybrid composites”, Composites science and techno-
logy, Vol. 53, pp. 275~279, 1995.

4) Y. Xu, K. Otsuka, H. Yoshida, H. Nagai, R. Oishi, H.

Journal of the KOSOS, Vol. 24, No. 2, 2009



3)

Al/CFRP 50| 22| E SEX

horikawa and T. Kishi, “A new method for fabricating
SMA/CFRP smart hybrid composites™, Intermetallics,
Vol. 10, pp. 361 ~369, 2002.

A. Asundi and A. Y. N. Choi, “Fiber metal lami-
nates;an advanced material for future aircraft”, journal
of material processing technology, Vol. 63, pp. 384 ~
394, 1997.

BRI ES| A, 243 M 25, 2009

§ 2o AZIIAHE

6)

7)

8)

sojgl, sholH e =R F7uhT QA
of Tt €1, AATESI= B, ARSI, 2004,
K. C. Krishan, Composite materials: Science and
Engineering, Springer, p. 378, 1998.

T. L. Anderson, Fracture mechanics, CRC Press, pp.
604 ~605, 1995.

29



