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Application of Metal Matrix Composites to Diesel Engine Pistons
Tetsuya SUGANUMA and Atsuo TANAKA
Synopsis :

Aluminum based FRMs : Fiber Reinforced Metals (MMCs : Metal Matrix Composites) have been in use
for the top ring groove of Toyota’s diesel engine pistons since 1982.

At first, “KAOWOOL® ” (alumina-silica short fiber) FRM as a standard grade and “SAFFIL®” (alumina
short fiber) FRM as an upper grade were developed. These FRMs showed good wear resistance, as well as
higher thermal conductivity and lower thermal expansion than conventional “Niresist” cast iron as the piston
ring groove.

In the next step, corresponding to the demands for lower cost with higher strength and superior
wear resistance, “ALSILON®” FRM was developed in 1987. The “ALSILON®” (crystalized alumina-
silica short fiber) FRM gives both as good performance as “SAFFILL®” FRM and as low cost as
“KAOWOOL®” FRM.

In the 3rd step, a new type of MMC has been developed in 1988 to improve higher temperature durability.
The MMC is composed of hybrid reinforcements of the “ALSILON®” and NiAl; intermetallic compound
particulates uniformly dispersed in the aluminum matrix. The NiAljz particulates are formed by in-situ
procesing and exhibits excellent adhesive wear resistance.

Thus, the MMC pistons have made a steady progress in the field of material and processing technology
and their mass. production scale has successfully increased up to more than 200 000 pieces/month (2.4 mil-
lion pistons/year).
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Photo. 1. Piston with FRM top ring groove.

Table 1. Pysical properties of reinforcing fibers.
. .. Diameter | Density | Strength | Modulus
Fiber Composition Cum) |(g em®)| (MPa) (MPa)
Potassium Ko0(TiOz)¢ 0.2 3.3 >7000 | 280000
~titanate Whisker
Carbon Pitch carbon 12 1.8 1100 60 000
Alumina Aly03:51% 2.8 2.6 1300 | 120000
-silica Si0y: 49% .
Alumina Al;03:95% 3.0 3.4 1000 | 300000
Si0,:5%
Table 2. Description of FRMs.
X Fib Matri Vi Density HT*
Composite iber atrix o7y (g/em’®) . T.
T-Al Potassium-titanate ~AC8A 9.8 2.8 T
GC-Al Carbon AC8A 6.9 2.6 T
AS-Al Alumina-silica AC8A 6.6 2.7 Ty
A-Al Alumina AC8A 4.7 2.7 Ty

* H. T.: Heat treatment
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Fig. 3. Friction wear test procedure.
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Fig. 6. Wear rate of A-Al and FCD70 (counter
part) vs. a-Al,03 content of A-Al
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Fig. 9. Hardness w»s. a-Al,O3 content of Al,O3
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Table 3. Description of FRMs.
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Table 4. Description of fibers studied.
Type Chemical composition (wt%) Microstructure Di(a:nelt)er Note
Conventional | SAFFIL Sa 95% Al203-5% SiO» Crystallized 3.0 Commercial
fibers KAOWOOL Ka 48% Al;03-52 % Si0; Amorphous 2.8 Commercial
) N Kas5 | 55%Al,05-45%Si0p 2.8 | Commercial
High-alumina-silica Ka60 60% Al,03-40% SiO; Amorphous 2.8 O
CK50 | 48% Al;05-52% SiO; 2.8 @)
Crystallized alumina-silica CK55 55% Al03-45% SiO, Crystallized 2.8 O
CK60 60% Al;03-40% SiO, 2.8 O
New fibers
studied Mineral fiber MF 40~43% Si02-31~33% Ca0-10~18% Al203 Amorphous 3~6 Commercial
Chopped glass fiber GF 52~56 % Si02-16 ~25% Ca0-12~16 % Al,03 Amorphous 9~12 Commercial
Potassium titanate whisker TW K20 : 6TiO2 Crystallized 0.2~0.5| Commercial
Sa/MF | SAFFIL + Mineral fiber Crystallized — O
Hybrid Sa/Ka SAFFIL + KAOWOOL + — O
CK/MF | Crystallized alumina-silica + Mineral fiber Amorphous O

O : Investigated
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Fig. 10. Bending strength of FRMs investigated.
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Photo. 2. EPMA analysis focused on chemical reaction at the fiber/matrix interface.
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