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Experimental Study on the Development of Fatigue Life Evaluation Method for
Al/CFRP Laminated Structures

Seong-Jin Yang

Department of Safety Engineering, Graduate School
Pukyong National University

Abstract
The laminated structures of Al/CFRP are attracting attention in industries such as
aerospace and automobiles due to the excellent properties of CFRP. In particular,
when Al/CFRP laminated structures are used as fuel storage containers, they are
exposed to repeated fatigue conditions. In this case, the fatigue life evaluation for
the working load becomes an important criterion for determining the safety of use
and the availability of maintenance and repair. Among the existing evaluation
methods for these structures, the burst test and hydraulic repeat test require
expensive facilities, or the visual observation and analysis program is somewhat
subjective. Therefore, this study experimentally conducted the fatigue life
evaluation that improved the shortcomings of the existing evaluation to secure the
safety of the Al/CFRP laminated hybrid structure. The test specimen was made
using a curved mold in consideration of the liner shape of a Type III storage
container. After the fracture and fatigue tests, the fatigue life evaluation method
used the strain-life method, and the life prediction used the transition life value.
The results of the study show that the static load value is lower in specimens
where the orientation of the laminated structure became complicated. And the
transition life value is higher in specimens where the orientation of the laminated
structure became complicated, which can be predicted as a result of the longer
life value as the Ilaminated structure became more complicated. These are

expected to be the basis for the development of a test method that ensures the
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Table 1 Physical properties of CFRP and aluminum based alloy

Carbon fiber prepreg
Elastic . : Ultimate .
dul Resin Wt Fiber Wt ; th Thickness
modulus streng
(g/m?) (g/m?) (mm)
(GPa) £ £ (GPa)
130 34 55 2 0.055
Al 6061-T6
Elastic Tensile Yield Fatigue Elongation
modulus Strength Strength Strength thickness
(GPa) (MPa) (MPa) (MPa) (1.6mm %)
68 2.50 2.24 30.51 7.00

- 24 -



3.1.2 CFRP A F7Tx

A 18] d2args vastry] fs) Aldde A 74 9

Bz Al ztsklvk. Aol kA Al AFE7o e T Bol ARSET wd

ofNi
-
BN
-3
=)
i
M

How AYA Azto] b5 07, 457, 90° WO E FZ4 10 mm x 80 mm(F
7l 0 0.055mm)e] CFRP ZelZgas Adet. e AgdHS 10 mm x
60mme] &FulFE oy (FA : 1 mm)A-ol CFRP Z#|Zz 1 100 plyE
AZstdom Azte AgHe] P Fig. 8 HERUAT

HF FxE Ade 0, 45°, 90° B CFRP ZE|=zd1s 77 bda2A =
3t Felz AwaH0] |, o)WHeH0°/457], APEH0°/45°/90°/45°] & 371A HH)

N
—
olf
oft
ol
k1
p
=
a2
2

2
o

o
-
ot
=)

]_
7] the gge] CFRP %e|Ze8 A%0R HZste] AolT Fi WAL

Aeget il weh zk AFEAS 47 T1, T2, T3Z HHatdtt Tl
S AlgH ] Aok tske] [07] BFOE At CFRP Lo Zy1whg

100 plyS A3 Algd#oln T2& [07/457] o2& 1 ply & % 100 plyE
H ol A3k AP Ho|tl mpxlgto 7 T3% [07/457/907/45°] £ & 1 ply A
olnl 2= A= Fig. 9o e A},

= Table 29} o

of
—
o
(e}
S,
<
Ll
L
N
(0]
)
Yy
ol
ro
>,
e
<)

)
)
ofp
-
BN
0
é
o)
10
O
s
=
av)
=
_YE
[kl
=
M
10
)
fo
4
é

- 25 -



Table 2 The lamination structure and

thickness of the each types

number of CFRP prepregs and

Carbon Carbon Carbon
Lamination fiber fiber fiber Thickness
Type structure prepreg prepreg prepreg (mm)
plies (0°) plies (45°) plies (90°)
T1 [07] 100 0 0 5.05
T2 [0°/45°] 50 50 0 5.08
T3 [0°/45°/90°/45°] 25 50 25 5.07
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Fig. 10 Drop impact tester used to insert a notch
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Fig. 11 Fatigue specimens with a drop impact notch inserted
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Fig. 12 Specimen in the form of a three-point bending test
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Table 3 Coffin-Manson’'s parameters of the each type

Fatigue Fatigue Fatigue Fatigue
o ductility strength ductility strength
s coefficient coefficient exponent exponent
S/f J/f(MPa) C b
T1 0.3364 608.94 -0.56 -0.09
T2 0.3753 495.3 -0.56 -0.09
T3 0.4755 316.91 -0.56 -0.09
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