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Development of Secondary Aluminum Alloy for Diesel Cylinder Head
by Mg,Si Precipitation Strengthening
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A secondary aluminum alloy that achieves an
identical level of thermal fatigue strength to a primary
aluminum alloy has been developed as a material for
use in the manufacture of diesel cylinder heads, parts
for which high levels of thermal fatigue strength are
demanded. Conventionally, primary aluminum alloys
are employed for diesel heads, and their material
properties are enhanced mainly by means of the
AL Cu precipitate. The developed alloy newly applies
a precipitation strengthening mechanism that functions
mainly via the Mg,Si precipitate, realizing an
equivalent level of thermal fatigue strength and high-
temperature strength to a primary aluminum alloy in a
secondary aluminum alloy. In addition, the softening
property of the developed alloy during the solution
treatment process of the heat treatment, realized
by means of the material’s composition design, has
reduced residual stress, a factor affecting the durability
and reliability of cylinder heads, by a maximum of
30%.
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Fig. 1 Microstructures of secondary aluminum alloy
for cylinder head
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Fig. 4 Relationship of Cu, Mg content for Mg,Si
priority precipitation
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Table 1 Test temperature conditions
Test temperature (°C) tisnggk(il?g)
R.T.| 50 [ 100 | 150 | 200 | 250
Tensile
strength @) O|O|O 360
Fatigue
strength O|O|O| 8360
Compression 0.2%
proof strength O|O|O 360
Thermal fatigue o
strength
Residual stress O
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Table 2 Chemical composition of developed alloy

(Wt%)
Si Cu Mg Fe Zn Mn
Conventional alloy | 6.5 3.0 0.2 | 0.10 | 0.01 | 0.01
Developed alloy | 8.0 1.7 | 040 | 045 | 025 | 0.2
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Fig. 6 Relationship between Cu content and tensile strength, elongation
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Fig. 10  Effect of elongation improvement by Cu
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Fig. 11

Distribution of Si, Cu and Mg atoms by three-
dimensional atom-probe
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Fig. 14 Effect of developed alloy on residual stress
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