RB L m G M 2 Bd 25 56 5(2022)  1-2

SiC-CFRP-ll i< 4B & A5 8 42 5 A4 ok o0 1 5 & BB e 1 At

iR = AR

ZH LT3 - FA AR

Manufacture and mechanical properties of laminated composites
consisting of S1IC-CFRP-damping metal layers

HORIGUCHI Katsumi, MORIYAMA Minoru, TADA Akira and MATSUMINE Takurou

This study reports the manufacturing process and the mechanical properties for

laminated composites consisting of 3 or 5 layers with ceramic, CFRP (carbon fiber

reinforced plastic) and damping-metal plates. To compensate the brittleness in

ceramics, CFRP and damping-metals were laminated on ceramic plate by both

autoclave and hand-painting methods.

It was found that the specific 3 point flexural strength and the specific Charpy impact

absorption energy increased to reach 0.145MPa/(kg/m3) in case of 3 layers and
25.0(J/m2)/(kg/m3) in case of 5 layers by both autoclave methods, which were 1.58 and
27.6 times higher than those of monolithic SiC, respectively. Laminated composites

have a high strength and impact strength.

F—7J— F : SiC, CFRP, Damping metal, Flexural strength, Impact strength
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Fig.1 Schematic structure of laminated composites
consisting of five layers. Thickness of each layer is also
shown. DM: damping metal layer, CFRP: carbon fiber
reinforced plastic layer, SiC: SiC ceramic layer.
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Fig.2 Positional relations of carbon fiber cloth prepreg
and cutting direction of test piece. (a) Twill cloth prepreg
in case of specimens for @ and @. (b) Plain cloth
prepreg in case of specimens for @ and ®.

Fig.3 Autoclave (AC) apparatus used in this study
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Table 1 Properties of elements used for laminated composites

Material Properties

SiC *Type P-SiC002 SiC plate made in Asuzac Inc.  *Size: about 50x50%2.0t mm

(SiC ceramic -[Specifications of P-SiC002]

plate) Composition: 99.6%SiC, Bulk density:3140kg/m3, Flexural strength: 410MPa, Young’s modulus:
430GPa, Hardness(Hv): 28GPa, Fracture toughness: 2.5MPa-m"2, Surface roughness: about
3.2um

CFRP OElements in case of autoclave (AC) method (Applied specimens for @ and ®)

(Carbon fiber *Pyrofil cloth prepreg type TR3523 331KMP made in Mitsubishi Rayon Co., Ltd.

cloth prepreg)

*Prepreg contained two sheets (about 0.6mm thick) with a sheet size of about 50x50%x0.3t mm.

- [Specifications of TR3523 331KMP]
Twill cloth. Fiber tow: type TR30S3L (PAN based fiber, Filament diameter: 7um, Filament
count: 3000, Tensile strength: 4.12GPa, Young’s modulus: 234GPa, Bulk density: 1790kg/m?),
FAW (Fiber Areal Weight): 200g/m?, Fiber content: 50wt%, Epoxy(resin) content: 50wt%, Bulk
density: 1770kg/m?3

OElements in case of hand-painting method (Applied specimens for @ and ®)

-Torayca cloth prepreg type F6463B-05P made by Toray Industries, Inc.

*Prepreg contained two sheets (about 0.5mm thick) with a sheet size of about 50x50x0.24t mm.

-[Specifications of F6463B-05P]
Plain cloth,Fiber type: T300 (PAN based fiber, Filament diameter: 7pm, Filament count: 3000,
Tensile strength: 3.563GPa, Young’s modulus: 230GPa, Maximum strain: 1.5%, Bulk density:
1760 kg/m?), FAW: 198g/m2, Fiber content: 56wt%, Epoxy(resin) content: 44wt%, Bulk density:
1760kg/m3

OAdhesives

*Reactive acrylic resin adhesive:”Metal Rock” type AY-123 made in Cemedine Co., Ltd.
(Applied specimen @)

- Epoxy based adhesive, “Bestone” type PM-4 made in Tohto Chemical Industry Co., Ltd.
(Applied specimen ()

DM
(Damping metal)

- Alloy “Star silent” type D2052 made in Daido Steel Co., Ltd.

*One plate with a size of about 50x50x0.5t mm

- [Specifications of D2052 alloy]
Bulk density: 7250kg/m3, Hardness(Hv): 1.18~1.37GPa, Young’s modulus: 80GPa, Poisson’s
ratio: 0.301, Proof stress(0.2%): 265MPa, Tensile strength: 530MPa, Maximum strain: 40%

Table 2 Specimens of laminated composites manufactured in this study

g;'egf Structure (Order of layers) Manufacturing method
@ SiC (1 layer)
@ CFRP-SiC-CFRP (3 layers) Autoclave
® DM-CFRP-SiC-CFRP-DM (5 layers) Autoclave *1: Reactive acrylic based
@ DM-CFRP-SiC-CFRP-DM (5 layers) Hand-painting with Metal-rock™ adhesive
® DM-CFRP-SiC-CFRP-DM (5 layers) Hand-painting with Bestone*2 *2: Epoxy based adhesive

2—2 HEEAX
SENIEAMBIORRE (ER) kL LTACEEF
B 2 FfE % Rl L7z,

2—2—1 ACEKIZKDEAMBDER

Fig.3 1T, AFEBRTH- AC BEEE GIEmEE T
) xoRd. AC IBIEN, THERGSE AV, RN
BT —CHEN - LB L, EEMEE RS 50
ETHY, AREEEOMHT, REIERE 400C, &
7] 1.6MPa, A% 4 X 91000x2200Lmm T&
%, AENE, Zo ACHEIZ XY Figl (w1 5 s
DIEEEEMBGUBI@) DIE ), BtEtbigi -8, SiC
W1BOHDHOEED), SiC J8E& CFRP & Tk
L7z 3EREED S OGUE@) b 1ERL L 72

LU AC HEIZ K 2 BB OIFRL T 2 R T

P, BFEMET Y ) — L THBEREL, 512,
SiC & DM 2o\ T, 7k by THRERESEL, B
e L7=. CFRP J&I%, ks v A7) F L7 % 2
ER L. KIZ, Fig. 1 IR #E&EIcE=E L, 35—
JEABMD D L 512, SHICEOmIMUNE, HETHE
WA LIEZAT UL AROM LIR(ES 1mm) THA
72, InET V=7 a Rk, SHIIAXF T T
4NV ATER, [ —NEAWTERE, HZ2Egx
Uiz, BZE5|& Liz\y 7% AC SEE DI ERZRITIL
ML, JEE 130°C, JEJ 0.3MPa T 90 43, gk -
JEALER U TR L, INEARZRN TEIRE T HRKEEE
WMo L. AEick vy, CFRPZ7uxry 717



OB« ARILZE - 5 « AR SRR

FIZEEN TSRS VBRI IRITH L, Z0
Wz %5 SiC & DM & #ia5 & CRiEHM &2 57-.
Fig.4 12, ACIEENOIRE & E1(F— V) OREEZE
bz RT.

2—2—2 FEFKRITKIEAMEOEL

FBRIETIE, #EAZHOTEMEEZL Y AbY,
BAEMEZERLZ. ZofkiE, AC LEcx 20
BARLHIE TOMIBE & L CTAEMREERIT L Ebh
B, AENE, #ERE L TRISET 7 U LVRESRIO
AAnay 7 (R ALA VR, WS, ZRX REE
FORA b CGEE LT O 2 FEA R L.
MRS 3\ THES HI DT & D il b 1T~ 7.

UTFICFRIEC L 2EEM B ORI EE R~

AC Bk L FRRI, =4 7 — LV EOT & kTl
TP L=, CFRP EIX, Wik n 27V AL 7%
2 BeER L., SFEMEWICEERE TR L, M@
EbELaenoiEEL, Sbic, BT —7%20-7
AT L ANCTRERE LI B e #e A 2, WAl & F
THL TR E RN DAl E b SE . /G
KT 7 VLVREBERIDOAZ LT v 7 ORESIL IR TE
DFEFML ST, TR VREFROSRA F oY
A, EIRZEZ VT 60°CIC 8 FERIINEVER: L, (L
7.

2—3 fFHHEHEERA

Table 2 (&, {F# L7 f@BOE S, MRk ESR &%
DOEFINE, (EREICRE T 5 — B2 RT.

AEOI SiC BIATH D2, Zoitha gL L,
REO, ©, @%ifEd 5 Z & TE LR EFED
EWIC K 2REOMHIEZ TN, £z, ABO, @, ®
ST 5 2 & TIERFE (B IR OE N X D Rk
D FREE A R~z

B D~BDOEFEIEIC DV TH 50mm A1 XD
HEEAM OREZ 2 2 KlER%, 4 YvEr
KA # =2k, 1EFH 9IS mm, &K 50mm O
TERARB A 2 8 AUV HH L, 205 b 4 K& ihiFRBR,
4 R E AR L7z,

2—4 H4ETHE

BEEL, AAYEC ROy X2k HLE
R R T OB R A CRT D 2 EIc LK
Hi-.

3 AT IR EE o i, EHERA— N5 7 AG-50k
NE BAzRW, &7 v 7 2A0iFssEREEJIS R
160K E, 7 1 A~y R#E% 0.5mm/min & L
TOXRE VKD, Vo TAKTA4KRTHD.

Op3 = % [Pa] 6Y)

7277 L, PI3fFEIN], LIZ FE A3 £(0.0298m),

wiZFB DR [m]IGK 9.5mm), AIFFEEH B OS S (7
BLi-2RoERmlThs. 28, hifRBRizkny
TIE, R Foim O RALBICE S — P 205D 1T,
MEEOTHMETEY TV 7 Z A 0.5s THFE
WCADEHL TRy ay BiZigskl, T — X0
L.

R, BEEUEA EG)E > v L B
B2 W CTHIE L2, o v L B —FSREBRIE,
~v—EEHE TRV RS L, R ICHRE 5 X TR
U, BB EE L2 )L ¥ — & 9 2 BT ik
Th 5. QNIRRT HEMWERRY 72 0 ORI T R LF
—%FEM L. 72720, BB, UBERRVE
J o FIIINTE2HE L TWRW, o7 it 4 ATH
5.

§= 9.8WR(C(j;}[l? —cosa) /m?] @

L, Wignr~—@ER (1.120kg), RIZ7—24
£ (0.230m), Iy FoFf LiFM (150deg), A:
WEtO WS [m2], BIXIEY E23 0 fildegl THB. 72
B, WEHMREHAE A R EIX—E(0.04058m) & L, Wi
HAE AISREE L BEA2EoNmEchH L. we Al
DX EFLL, RBOIE L BEMEOR S (2EDE
F)THD.

3. BREEE

e

3—1 &FE

Fig.5 12, fEfEREB T OmBEONE/RERT. &
L, $2670~3840kg/m3 DHEPHICH Y, 3 BEHE
JB L= B0 i b/ & < (2671kg/m?), AC 75T DM
WezatsEBE2ERE LEREBORRLEL kol
(3840kg/m3). FEHO~®IL[F U 5 J8 DHEE T 573,
FRVEORBO LODBEEIL ACEOODEE &
DHI20%/E L, ZhiE, KEOREICRIENEE L
TWERBODE TREINE. &KL LT, T3
=17 A (2700 kg/m?) 7> 5 F % (4500 kg/m3)FRE D
BRICHY T HIEEETHoT.

3—2 HMIFHRICEITIEA-0F A8

Fig.6 53 L' Fig.7 12, 3 sl RBRICBW\TC, TWE
FHERBA O TEmEIC VT ESS—T LR
ISS-OF B AR, Fig6 13, BB, @B LW
ODEAER L, BT ACEGEOEZKR) T,
JEHEE(L, 8, 5 EHEE)DENC L DO ERE R L
7o, EEODHMO SiC W OIGE T MErERIIZ kT L 72
B, @, OOHEERE OGS IFBRIRICET 2 I
\CHEMER R A R LT, i8S X 0 TR RO 40
K& ETAHMEER L. Fig7 31 BOQ, @, ®
OEEERL, BEHEEG BIZFR U T, EREICE S

\



SiC-CFRP- il & R g 5 o AR O 15 & B AR VR A

4500
4000
3500
3000
2500
2000
1500
1000

500

Bulk density [kg/m?]

© 2 @ @ 6

Specimen No.

Fig.5 Bulk density of laminated composites
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Fig.6 Stress-strain curves of specimens O, @ and ©®
with 1, 3 and 5 layers, respectively. (D:Single layer of
SiC ceramic plate, @: 3 layers of CFRP-SiC-CFRP by
autoclave (AC) method, ®: 5 layers of DM-CFRP-SiC-
CFRP-DM by AC method.
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Fig.7 Stress-strain curves of specimens &, @ and ®
with 5 layers consist of DM-CFRP-SiC-CFRP-DM by AC
method (®), by hand-painting using reactive acrylic based
adhesive “metal-rock” (@), by hand-painting using epoxy
based adhesive “Bestone” (®).
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Fig. 8 Flexural test. Damping-metal deformed, and was
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strength of laminated composites
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