I 502 & Vol. 81 (1995) No. 4

DEE 7o AT hZThEMICEROM T 2% £
MoTWbIcd, —FHOFBHBEMRGINSLETHE &
BES>ETEMR U,

FyARRH U, BeREBnE, %EMl HIP B X OBSRIELE 2 80
THiEOBEAETHYD, 7ot ABRICIREEMTOEME
LDBIBMETH 5, BEREES I B oM s
kD —20BIE LT 2EMTH o, FHUMICIERE -
S oHMEEsERI NS, BHHBIER, 75 2F v 78K
B & BERE B OB LI b D TH Y, S5 oMk
KBWTIE, N1 5 BRI ORGER > THB Y, B
BRI NS v —(LFOEMROBEDBLETH 50 A7
V=7 % — 3 v/, HERMOKN FEERICEZEHEIE T
MEHLT 28 TH 545, T NI3SEEEIE &AM Loy
DBEZRBA-> TV S, HNFICEREE € 5 20 3minIs
FOWIBMETH 5,

AL EN—-RC LS 7 o 20BER, KEAD
KA XMEBLUCERED ZWid#iic s =F 2 7k, ERE
{t, sBEE-CHREtE DM b, RO RE, WERE(L, E
RS OHBEOHK, SOICETREOMIRILE A bEE
LTWAEZAILHY, ZNFNOMEIIMLAYTFORTE S
b VWHBRLBRELES SN B,

BITERMcR o288 702 21T 3 Ll EEL
S, AL E oK oM IERE##HAasEbEEHF L VE
&7 ok R, KRELBOEELH L L HICBbNE, O
alREME E 5 | & 9 7o I IR EFY BRI O T 13RO B 3744
BTHBEH, boEERAATHRINTASEOBERED 5V
BET L WEPINF ORI E T B ABZLELD B,

T\EMHE

(1) +EMOES

e OEAMEHRPERMEHCARR L T W AR EE 2
EWVIHIED G LITHE O - FRBITOIOTE T, FiC
SBEREOME (L%, MMC: Metal Matrix Composites &
T 5) O HEMOEEME O R BE ERER OB
BeBHRERBL LAERE FIchb B 6D THD, FrLvagfk
FEMOHBL & T OFM OETREH ORRAED SEEMEIRE 7o
Y ZEWOEIKE TEAANDF v+ L v PO TH > 72 & 0
Z 5.

CokHi, AEHDO D ZMEIOEIREfICESEEVT
7ot AFEBEEED EREPORENITONIT & 1F 20~
10 4E@[IC MMC @ 7’ 0 & 2B O EABASHLI TV
il LETFBEONALIERE>ETHR L, BT,
MMC i 2 W THAME R EBHFRE, o 2BEMio%
&, ENTOIEH, MMC OFFREIC> W TS 2R~ 5,
(2) EEMHOES

MMC & L T#EEHEORIci#R{bR & LU Tid ALO;
#E (A1,O5-Si0, 2% &1 ), SIiC FREHE (EHED 10~20 um
DEDTEERY v —DLOSESNEHD), PANRHZW0IZ

9.2.5

256

Yy FRIREBHETHIL LT VI =9 6D R v AR
BEBEOBRERBE= N v 7 A LT HEAMEOBIFRHHE
HoNT, £OFRER, REMHEAR(LT VI = 4 OEEGER
AR LU IcF 2 — 7 EBFEHRS & OB EE R &

LTERILSNBIcE -7, £, =2 YHARBMEE L
T SiC ik (BEEH3 80~140um T CVD HEic X D ERIx
% bD) sILF 5 v REAMES EOMFEBIRNITThH, B
HETHZOMENEL DI SR AMHEM ERD T
TisAl % TiAl 72 EOSRBRULAYIRESMEIAN LB
Blah->odh 3,

iR bR T IR ERAS 0.5~200 um FRE O SiC K ¥, TiC
K+, BCKRFHALT VI =9 s 20BN EHS 1,
0o oMM KRB TEED 5 VWIRBRMESB~ORBES
HEFHL CEREEMEZRETCEZ XS IR -TV S,
F/z, 1970 FEROKD D ITBFRD S SIC 94 2H =215 S
n3 L oRfiisi{bRME LTiERE N SiIC w1 R
B =Bt TV =Y LA bR EBERESTON, Lk
L, Mo S>EEEEMIZIEH O IT - /22 &% 1980
HEDOBRPICY A4 X — OFEDSTER I N icBRO 7
YRIFELE>TVEB, KTFPUA XD —HtSBRTIIM
MR, BEZERRRME, DREEAEME RE, TERERERMES SRS
STV EMRETH D, BTHRNB LS IcfA4 DN
Ha ot
(8) FatzDiES

HOMEIORBEIcX D, 7ov EfORRSITOA, £
D7 AEHP TR LT TED SN, TEMN
BroeRELTHOWSONIZ DR () BMKREE, BAESH
FEOL K= MY v 7 R@BOLBEAEFIHIT 3 0,
(i) SFEBH EZFH T 2 b o, (i) RIEEFIA L 72 in situ 4
EFIAT 2 HkicKBllah 3,

QD= bY v s 2ROUEHESERAT L HETIRT VY
=Y L2 %REE8LSICRHTFERAL TRy F 7L R (BBWVWIR
HIP BHWVWOHH 2) THES(LL, L, HEMTEETHE
M F 2 — THE %18 5 HiESR R b RIE AR O T 20
nEGEHEE LTHRESH, KBoBEAME OREICERK L
TW3, Fic, Wit SBRcilEi s~V
7 2DT7YN 74— b (FREIEHAR) %o —vamE L TR
B BE D BHETREOBRMEIEEO T T L IKikIiL T
W3, COBRWSE Y 74— L08EREE LT RE
L TEBEEA/LTE 7Y 74— 74 v ABIGES 36,
WeBRs N, CoLIcLTEBONLTY 7+ —LT7 A4
Y IIABIMIROBEEMKI 2182 1DD T Y 7 4+ — k& LT
BB DI EHER L 72,

7o RAEMOFTRGEF L VESEZ T DI (i) D
BERREOEBANM L7 7ot X Th B, Fig. 9.22 1374
AREEDLEAFIAL 72 MMC 0 L7 o+ 2258 L
TRLAELBDTH 5, IBRIESEZ /- MMC o8& 53
KBIL T Fig. 9.22 TR L7z A, B (B-1, B-2) @ Hikic /8

«



9. BHRMER 503 I

Liquid Metal
A B-1 B-2
Y y
Mixing with particle Infiltration of particle or ] Infiltration of fiber preform
— or discontinuous fiber preform and solidification under

fiber (rheo-slurry)

Y
Remelted above liquidus

Y

Cast into billet or shapes
(Compocasting)

Cast into shapes;
solidification under
pressure
(Squeeze casting)

[ Billet Reheated

Thixoforming
(Fibers aligned)

A A

high pressure
High pressure
Infiltration casting
(HiPIC)

Vacuum infiltration |

Inert gas pressurization
over molten metal
Squeeze infiltration
casting
(Pressure casting)

—P( Investment casting

—--—)L Hot molding l——
y

I Simple shapes

Near net shapes (Composites)

Fig. 9.22.

Various casting methods for fabricating MMC. (R. B. Bhagat: Metal Matrix Composites: Processing

and Interfaces, ed. by R. K. Everett and R. J. Arsenault, Academic Presss, New York, (1991), p. 43)
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Table 9.1. List of companies in Japan undertaking research and development work on MMC. (M. ]J. Koczak:
private communication)
Company Main Areas of Research

Art Metal Manufacturing
Co.

Fuji Heavy Industries

Hitachi Ltd.

Honda

Ishikawajima-Harima
Heavy Industries

Kawasaki Heavy
Industries
Kobe Steel

Mitsubishi Aluminum

Mitsubishi Chemical
Industries
Mitsubishi Electric

Mitsubishi Heavy
Industries

Mitsubishi Materials

Mitsui Mining Co.
Ltd.

Nippon Carbon Co.

Nippondenso

NKK
Nippon Light Metals
Nippon Steel

Nissan

Shikoku Chemicals
Corp.

Showa Aluminum

Showa Denko

Sumitomo Metals
Industries Ltd.

Suzuki Motor Co.
(in collaboration with
Agency of Industrial
Science and Technology
of Tokyo)

Toho Beslon

Tokai Carbon Co.

Toray

Toshiba

Toshiba Machine Co., Ltd.
Toyoda Loom Co.

Toyota Central R& D
Laboratories

« Manufacture of automotive components

« Solid-state processing, including roll diffusion bonding for aerospace application

» Copper—carbon composites for electrical applications

« Pressure-cast aluminum engine block featuring alumina and carbon short fiber reinforced
cylinder liners (mass produced for the Honda Prelude)

* Powder metallurgy Al alloy/alumina—zirconia—silica particle retainer ring (limited production)

» Pressure cast stainless steel filament reinforced aluminum connecting rod (limited production)

» Various MMC prototypes: AI-MMC piston pin, Mg-MMC piston.

« Squeeze-cast carbon fiber reinforced Mg

« Manufacturing methods and forming/metal working techniques for fiber reinforced metals
(W-fiber reinforced superalloy turbine blades by hot isostatic pressing, Ti-matrix
composites), continuous B/Al matrix composites

» Alumina fiber reinforced aluminum turbo jet engine impeller

» SiC whisker and particle reinforced aluminum by powder forging, HIP or pressurecasting, and
deformation processing, for parts including automotive engines, bicycle frames, and
optical telescope supports

« SiC filament reinforced Ti by P/M processing

» Spray deposition of SiC/Al

= Pressure infiltrated and extruded SiC whisker/Al

= Particle reinforced aluminum rear shock absorber cylinder for a Yamaha motorcycle

» Reinforced aluminum alloy for internal combustion engine part

« Infiltration of fiber reinforced aluminum

» Squeeze-cast SiC whisker-reinforced Al for space applications, short fiber C/Al composites
» Laser melting/roll diffusion bonding of SiC fiber/Al
* Pressure-infiltrated and extruded SiC whisker/Al alloys

« Consolidation of C/Al and SiC/Al preform wires manufactured by Toray and Nippon Carbon,

respectively
» Ti matrix composites by HIPing
+« Wear, cutting tool applications, and aluminum PM composites
» Alumina fiber reinforced aluminum parts for various applications

« Infiltrated SiC fiber reinforced aluminum tows (Preform Wire)
» Face insert for golf clubs (commercial production)

« Whisker-reinforced Cu

« Tribological material: SiC/WS;/Al

» Cast whisker and short fiber reinforced Al

« Agglomerated fiber reinforced aluminum

« Squeeze casting of fiber reinforced aluminum

« Compocasting of particle reinforced aluminum

« Micromechanics of fiber reincorced metals

« Functionally graded NiCr/ZrQO, composites by low-pressure plasma spraying
» SiC/Al Connecting Rods, Directed Metal Oxidation

« AI-B-O whisker reinforced Al

« Mechanical alloyed SiC/Al and alumina/Al with particle sizes <1 gm

- Alumina, graphite, or silicon nitride particle reinforced Al alloys by pressing and sintering,
including hypereutectic Al-Si

 SiC whisker reinforced 2014 by squeeze casting or powder metallurgy

» Ti-based MMC coatings

» Ceramic particle reinforced superalloys

= Stir-casting process for making hypereutectic Al-Si alloy matrix composites

* Jon-plated C/Al tape (possibly discontinued)

* P/M and squeeze cast SiC whisker/Al

* C fiber-reinforced Al squeeze casting

*« C/Al preform wires by TiB process

» C fiber-reinforced Cu and Sn

» Casting of MMCs

» Fiber and whisker reinforced 6061

« Fabrication of a whisker reinforced aluminum bolt

« W fiber reinforced FeCrAlY

« Stir casting composite materials using an electromagnetic stirring apparatus
« Oriented fiber preform processing

* Pressure-cast oriented short fiber and whisker reinforced aluminum
= Squeeze-cast fiber reinforced aluminum

» Invention and development of hybrid fiber reinforced metals

* NDE of MMCs
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Fig. 9.23. The relative importance of metals, polymers, composites, and ceramics as a function of time. (M. F.
Ashby: Philosophical Trans. Royal Soc. London, A322 (1987), p. 393)
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