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Manufacture and mechanical properties of laminated composites
consisting of Al2O3-CFRP-metal layers by autoclave method

HORIGUCHI Katsumi, MORIYAMA Minoru, TADA Akira and MATSUMINE Takurou

In order to improve toughness of Al2O3 ceramic, CFRP and metal were laminated on Al203

ceramic plate by the autoclave technique. The metal used in this study included Al, Ti,
D2052 (damping alloy: Mn-Cu-Ni-Fe) and SUS304 plates, and perforated SUS304 plates

with various hole diameters. The laminated composites were characterized by bulk density

measurement, 3-point flexural and Charpy impact tests. As a result of flexural and impact
tests, the specific flexural strength of Ti-CFRP-Al203-CFRP-Ti and the specific Charpy
impact strength of Al-CFRP-AloO3-CFRP-Al reached 0.133 MPa/(kg/m3) and 26.3(J/m2)
/(kg/m3), which were 1.40 and 22.1 times higher than those of monolithic Al2Os, respectively.

F—"7J— F : Al2Os, CFRP, Metal, Laminated composites, Flexural strength
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Fig. 1 Schematic structure of laminated composites.
Ceramic layer: Al2Os ceramic plate in center position.
CFRP(carbon fiber reinforced plastic) layer: UDx2 and
clothx1 prepreg sheets in both side position.

Metal layer: one plate made of Al, Ti, DM(Damping
metal, D2052), SUS(SUS304) or SUSPM(SUS304
perforated metal) in outer both side position. Thickness of
each layer is also shown.
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Fig.2 Time process chart for temperature and gauge-
pressure in autoclave (AC) fabrication.

Test piece 9.5W x 50L mm

N

Hole array
o P O O
ol o ©

> P O O
o O

SN S IR QA

X axis

O -

Cutting direction
Y axis

of test piece
O

@]

Fig. 3 Positional relations of X, Y axis and hole array
(60deg. staggerd) pattern in perforated metal. Hole pitch
interval in Y axis is longer than that in X axis. Cutting
direction of test piece is parallel to Y axis.

Top view and cross view

of @ (3 layers)
- 7Eop view and cross view
f@ (5 layers)

7Tcp view and cross view

of @ (5 layers)

Fig.4 Top view and cross sectional view of test piece for
specimen @, @ and in Table 3, respectively. Test
piece size is approximately 9.5mm in width, 50mm in
length.
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Table 1 Properties of elements used for laminated composites.
Material Properties
Ceramic layer *Type P-AR2001 Al2Os plate made in Asuzac Co., Ltd.
Al203 »Size: about 100X100x2.0t mm
[Specifications for P-AR2001]
Composition:99.6%Al:03, Bulk density: 3940kg/m3, Flexural strength: 370 MPa, Hv: 14.7
GPa, Young’s Modulus: 390GPa, Fracture toughness: 4.0MPa-m'2 , Roughness: Ral.6pum.
CFRP layer OLaminating component of CFRP layer
(Carbon fiber +UD prepreg with X fiber direction: 1 sheet

reinforced plastic)

UD prepreg

Cloth prepreg

+UD prepreg with Y fiber direction: 1 sheet
*Twill Cloth prepreg with X and Y fiber direction: 1 sheet
*Total thickness: 0.144+0.144+0.200=0.488 mm

OUD (Uni-directional) prepreg type Pyrofil TR350G150S made in Mitsubishi Rayon Co., Ltd.
*Prepreg sheet size: 100x100%0.144t mm.
[Specifications for TR350G150S ]
UD prepreg. Fiber tow: type TR50S15L (PAN based fiber, Filament diameter: 7pum,
Filament count: 15000, Tensile strength: 4.9GPa, Young’s modulus: 240GPa,
FAW (Fiber Areal Weight): 150 g/m2, Epoxy(resin) content: 33wt%, Ply thickness: 0.144 mm.

OCloth prepreg type Pyrofil TR3523 381GMX made in Mitsubishi Rayon Co., Ltd.
Prepreg sheet size: 100X100x0.2t mm.
[Specifications for TR3523 381GMX]
Twill cloth. Fiber tow: type TR30S3L (PAN based fiber, Filament diameter: 7pm,
Filament count: 3000, Tensile strength: 4.12GPa, Young’s modulus: 234GPa),
FAW: 200g/m2, Epoxy(resin) content: 40wt%, Ply thickness: 0.2 mm.

Metal layer
Al

Ti

DM
(Dumping metal)

SUS304

OAluminum plate A5052-H112 (Al-Mg alloy)
- Size:100x100%0.5t
Composition: 2.5%Mg-0.25%Cr-Al, Bulk density: 2680kg/m3, Tensile strength: 225MPa,
Proof stress(0.2%): 125MPa, Maximum strain: 18%.

OPure Titanium plate TP-340H made in Eiwa Metal Co., Ltd.
*Size:100x100x0.5t
Bulk density: 4510kg/m3, Tensile strength: 340~510MPa, Proof stress(0.2%): 215MPa,
Maximum strain: 23%.

OAlloy “Star silent” type D2052 made in Daido Steel Co., Ltd.
*Size: 100x100%0.5t mm
Bulk density: 7250kg/m3, Tensile strength: 530MPa, Proof stress (0.2%): 265MPa,
Maximum strain: 40%, Young’s modulus: 80GPa.

OStainless steel SUS-304
*Size: 100x100%X0.5t mm
Bulk density: 7930kg/m?, Tensile strength: 520MPa, Proof stress (0.2%): 205MPa,
Maximum strain: 40%.

Table 2 Specifications of perforated (punching) metal made of SUS304.

Material

Properties

Metal layer
SUSPMO0.35

SUSPMO0.55

SUSPM1.0

OSUS304 perforated metal D0.35 made in Okutani Wire Netting Mfg. Co., Ltd.
*Size:100x100x0.2t mm
Hole diameter: 0.35mm, Pitch: 1.05mm 60deg.staggered, Open area ratio: 10.1%.

OSUS304 perforated metal D0.55 made in Okutani Wire Netting Mfg. Co., Ltd.
*Size:100x100%0.5t mm
Hole diameter: 0.55mm, Pitch:1.09mm 60deg.staggered, Open area ratio: 23.1%.

OSUS304 perforated metal D1.0 made in Okutani Wire Netting Mfg. Co., Ltd.
*Size:100x100%0.5t mm
Hole diameter: 1.0mm, Pitch:2.0mm 60deg.staggered, Open area ratio: 22.6%.

Table 3 Specimen of laminated composites manufactured by Autoclave.

Specimen No.

Structure(Order of layer)*! SUSPM*2 Hole dia.[mml]

Al:O3 (1 layer)

CFRP-Al:Os-CFRP(3 layers)

Al-CFRP-Al:05-CFRP-AI(5 layers)

Ti-CFRP- AlO5-CFRP-Ti(5 layers)

DM-CFRP-Al:O3-CFRP-DM(5 layers)

SUS-CFRP-Al:Os-CFRP-SUS(5 layers) 0

SUSPMO0.35-CFRP-Al;05-CFRP-SUSPMO.35 (5 layers) 0.35

SUSPMO0.55-CFRP-Al;05-CFRP-SUSPMO0.55 (5 layers) 0.55

©O®QEL® O

SUSPM1.0-CFRP-Al;05-CFRP-SUSPM1.0 (5 layers) 1.0

*1 Al Al plate(A5052-H112), Ti: Ti plate(TP-340H), DM: Dumping metal plate (D2052), SUS: SUS-304 plate.
*2 Perforated metal made of SUS304 with hole diameter of 0.35, 0.55 or 1.0 mm.
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Fig.5 Bulk density of laminated composites.
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Fig.6 Stress-strain curvesof specimen O, @ and @ by
AC method in flexural test. Specimens are consisted of
single plate of Al:Os ceramics (D), 3 layers of CFRP-ALOg-
CFRP (®) and 5 layers of AlI-CFRP-Al:O5-CFRP-Al (®).
The curves showed stepped changes as strength increased
in second or third stairs for laminated composites.
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Fig.7 Stress-strain curves of specimen @, @, & and
® by AC method. Specimens are consisted of 5 layers of
Metal-CFRP-Al:03-CFRP -Metal. Metal is Al (®), Ti
(@), DM (®), SUS304 (®) plate, respectively. P1, P2,
P3 points on the curve of specimen No.@), for example,
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(P3), respectively.
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Fig.9 Charpy impact strength (absorption energy).
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Fig. 12 Relations of specific flexural strength and specific
impact strength for each specimen in Table 3.
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