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Abstract

In this research, to develope the Al 7075/CFRP multilayered hybrid composites,
CRALL(Carbon Reinforced aluminum laminate) specimens were processed by autoclave
curing system that curing temperature, time, surface pretreatment condition of aluminum
were constant. And the fatigue life and failure mechanism on CFRP volume fraction and
fiber orientation of CRALL specimens were investigated. A fatigue life was greatly
influenced by effect of CFRP fiber volume fraction but it was less effected than those of
fiber orientation. The fatigue failure arised from interface delamination of CFRP and
aluminum sheet after shear fracture of aluminum layer. The failure mechanism is assumed
that the aluminum laminates which divide the CFRP into many thin layers tend to arrest
the failure propagation.
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Table 1 Chemical composition of Al 7075-T6

sheet metal (Wt.96)
lement
\ In |Mg{Cu| Cr [Mn| Fe| S | Ti|Al
Mater:
5.1~(2.1~|12~]018~
Al 7075-T6 611291201 0% 03010501040 | 020 | re.
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Table 2 Mechanical properties of selected carbon fibers and aluminum sheet

. CFRP Epoxy 250 " F Al 7075-T6
Properties/class - -

0" /90" *45 #2560 Alclad 7075
Ultimate tensile strength (MPa) 1027 230 55 ~ 120 483
Yield strength (MPa) - - - 414
Modulus (GPa) 80 32 31 ~ 47 71
Strain to failure (%) 1.0 45 20 ~ 35 12
Density (g/cm) 1.85 1.85 1.1 ~1.25 279
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Table 3 Area and volume fraction of Al 7075/CFRP multilayered hybrid composite

Specimen Measured thickness (mm) Volume fraction

tai tcrre tiot Vai Vcrre
A/HM 0001 1.60 0.45 2.05 0.78 0.22
A/HM 0003 1.60 1.35 295 0.54 0.46
A/HM 0005 1.60 225 3.85 0.42 0.58
A/HM 4441 1.60 0.90 2.50 0.64 0.36
A/HM 4442 1.60 1.80 3.4 0.47 0.53
A/HM 0401 1.60 0.60 22 0.73 0.27

A/HM 000 1

|—— Fiber plies
Layered fiber orientation
Layered high modulus fiber

Aluminum 7075-T3
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Fig. 1 Shape of fatigue life test specimen A E A28 A/HM 0001x19F A/HM 000540

(a) A/HM 0001 {b) A/HM 0005
(VCFRP 0.22) (VCFRP 058)

(c) A/HM 4441 {d) A/HM 4442
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Fig. 2 Macroscopic appearances for side of multilayered hybrid composite with various CFRP volume
fraction and fiber orientation (Xx50)
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Table 4 The results of fatigue test in CFRP(M40)/Al 7075 hybrid composite (CRALL)

o Step. 1 2 3 4 5
Specimen
g (MPa) 288 245 241 232 149
A/HM 0001 7 S : - "
Ny (cycle) 1.50% 10 1.02X 10 1.14%10 1.60%10 1.62%x10°
g (MPa) 190 181 145 118 76
A/HM 0005 4 4 o 5 6
Ny (cycle) 4.00%10 460%10 1.60% 10 4.60%10 1.70x10°
g (MPa) 280 260 229 208 150
A/HM 4441 S - z - - —1
Ny (cycle) 5.10%x10 9.20%x 10 2.00x10 3.90x10” 150%10°
g (MPa) 205 168 135 110 93
A/HM 4442 - 5 - - .
Ny (cycle) 4.40% 10 1.20x 10 3.12%10 6.00X 10 1.80%10°
o (MPa) 340 289 250 173 148
A/HM 0401 " p " - :
Ny (cycle) 1.50 %10 3.70x10 9.00x 10 1.00x1¢° 150x10°

Step. 1, 2, 3, 4, fractured,
Step. 5, un-fractured
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Table 5 The results of initiation delaminate and aluminum/CFRP failure in stress level ous = 243 MPa

— Spedvmc?és A/HM 0001 | A/HM 0005 | A/HM 4441 | A/HM 4442 | A/HM 0401

Failure properties 0.22 0.58 0.36 0.53 0.27

Cycle of failure Ny 1.2%10° 49x 10" 12%10° 65%10" 115X 10°

First delaminate Ny 76%10 43x10* 7.0x10* 4.3x%10" 7.0x10*
occurrence stage | N /N; 63% 88% 60% 66% 69%

Aluminum first N 89x10* 47x10" 78x10* 43x10* 8.1x10"
failure stage No/N; 74% 96% 65% 67% 70%

CFRP failure Ny 95%x10* 48x10* 81x10* 58%10* 85x%10"
stage Ny/N; 79% 97% 70% 89% 74%

(a) N, = 7.6x10" 5+ = 63% (b) N, = 3.98x10* % = 74%

(c) Ny = 9.5x10* %—; = 19% (d) Ny = 1.2x10° fractured
Fig. 8 Macroscopic appearance of initiation delamination and aluminum/CFRP failure in A/HM 0001

specimen
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(d) £45° (2 ply) (c) 0°/90° (5 ply)

Fig. 9 SEM Micrographs showing a fracture surface of fatigue life test (a) A/HM 0401 specimen (x80)
(b) CFRP orientation +45° , 1 ply (xX800) (c) 0°/90°, 1 ply (X800) (d) *45° (2 plies) (e} 0°
/90° (5 plies)
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