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Development of Lightweight Forged Piston Material by Controlling Needle-type
Intermetallic Compound Size Using Carbon Mold Continuous Casting Method
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ABSTRACT

The addition of transition metals to piston materials is
an effective method of increasing their strength at high
temperatures. However, the addition of transition metals
increases specific gravity and promotes the crystallization
of coarse intermetallic compounds, reducing forgeability.
To respond to these issues, a new piston material has been
developed in which the type and amount of the added
transition metals and the size of the crystallized
intermetallic compounds has been optimized. In order to
control the size of the intermetallic compounds, the
material is not produced by conventional metal mold
casting, but by a carbon mold continuous casting method
that enables a fine and uniform structure to be obtained.
The optimization of the elements forming the intermetallic
compounds and the quantity of these elements added, in
addition to the addition of refining elements, to enable
dispersion of needle-type intermetallic compounds
throughout the alloy, has resulted in the achievement of
levels of specific gravity and forgeability similar to those
of a conventional forged piston material, while increasing
strength at high temperatures by approximately 50%.
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Table 1 Chemical composition, specific gravity, size of intermetallic compound and continuous casting mold of
conventional forged piston and developed forged piston
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Fig. 3 Schematic illustration of casting method and
microstructure of conventional casting
material and carbon mold casting material
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Fig. 6 Microstructure of Al-Si12-Mg1-Cul-Ni3 alloy
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Fig. 7 Microstructure of Al-Si12-Mg1-Cu5-Ni3 alloy
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Fig. 12 Microstructure of Al-Si12-Mgl-Cul-Ni3-Fel alloy
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Table 2 Chemical composition, specific gravity and average size of intermetallic compound of tested alloy and

conventional alloy for forged piston

Average size
of

No. Ni Fe Mn Cr Zr Ti Specific gravity | intermetallic

compound
(Hm)
1 3 — — — — — 2.71 20
2 3 — 1 —_ — —_ 2.73 25
Tested alloys
3 3 — — 0.2 — — 2.71 15
4 2 0.6 — — 0.1 0.1 2.70 8
Conventionally forged

piston alloy 1 - - - - - 2.69 0
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