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A Study on Fatigue Crack Retardation Using NDT Test
in a Hybrid Composite Material Reinforced with a CFRP

H.K.Yoon*, W.J.Park** and C.W.Hur***

ABSTRACT

New hybrid composite material CPAL(Carbon Patched ALuminum alloy), an Al2024-T3 plate double-
side reinforced with carbon/epoxy laminates were made. Fatigue crack growth tests were carried out at
R=0.2, 0.5 in the CPAL specimens. The retardation mechanism and behavior of fatigue crack growth
were examined basing on investigation of the crack and the delamination using a X-Ray and a ultrasonic
C-Scan.

The fatigue crack growth rates of CPAL specimens were remarkedly retarded compared to that of the
Al2024-T3 specimen. The retardations amounts of the fatigue crack growth rates get higher in 0°/90°
CPAL specimen than in +45° CPAL specimen, and get higher at R=0.2 than at R=0.5. The retardation of
fatigue crack growth rates in CPAL specimen was generated by the crack bridging mechanism, that is the
behavior that the fibers in CFRP layers decrease the COD in the Al2024-T3 plate.
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Table 1. Chemical compositions of Ai2024-T3 aluminum
alloy{wt.%)

¢

Si|Fe|[Cu|Mn|{Mg| Cr|Zn| Ti | Al

0.11{0.23| 4.46| 0.58 | 1.44| 0.04| 0.03| 0.02 | Bal.

Table 2. Mechanical properties of A/ 2024-T3 aluminum alloy

Yield | Tensile Elc')ngat- Hardness| Density
strength | strength ion (H) (glem’)
(MPa) | (MPa) (%)
360 500 18.3 146.5 2.8
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Fig.1. Configuration and dimension of fatigue specimen
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Table 3. Physical properties of carbon/epoxy prepreg(HK

285/RS 1222)

Density 1.35 g/cm’
Volatile content 0.5 %
Resin content 39.0 %
Resin flow (at 0.35 MPa) 150 %
Gel time (at 135+17T) 4min
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-g ’ Cool down 7 a
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Fig.2. Diagram of autoclave curing procedure
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Table 4. Mechanical properties of carbon/epoxy laminate

Fiber pattern| Warp(0°) Fill(90°)
Properties {MPa) (MPa)
Tensile strength 986.0 915.0
Tensile modulus 69000.0 69000.0
Compression 739.0 704.0
strength
Compression 65600 65600
modulus
Interlaminar shear 70.02
strength
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CFRP A1¢] %3t9}ej(delamination) Feje}t ol &
%253} C-Scan #H|(automated ultrasonic scanning
system, AUSS #V, u]= Macdonald Co.)E o] &3}
of zAetgen, BAh 2De Fu4 SMHz, $34
o} At



247 - = - 534

BEESWEHEE

4

%0

— ar—~X oz jos

g %r ‘

g AI2024-T3 |0 |e

~ +45 CPAL |® {O

o .

8 L wrevcealso

£

(=

c

o

x S8F

(5

Il

o

8 Se

[y

R

a

£

3 ot
38 L 1 1 1 13 1
Je “© s P 70 80 50

Measured crack length, aw (mm)

9.5
0.4}
’ée‘a—
Q
g
0.2t
e.1}
L
0.0 1 —L | 1 T S
30 40 50 60 70 80
aw (mm)

Fig.3. Relation between measured crack length and compli-
ance crack length
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Fig.4. Relation between measured crack length and crack
opening displace-ment range at loading line
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w7t ol #99 @d& Walshe del(bridge) 4
< 3t didolth12-13)
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9% (delamination area)d] Zx}3sli= CFRP 2}9]ijo]
Ed] o3 dgeln, ERE FHEAGY FEY A
old] M £AHA & FePgz FiEHo e
CFRP 2trjulo| Eoff £]g @4folrt.

CPAL AldHoAN A2agHuly 3y Fo &

Fig.5. Comparison between measured crack length and delami-
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Fig.6. Schematic illustration for bridging mechanism
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