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Development of Lightweight Oil Pans Made of a Heat-Resistant Magnesium Alloy
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ABSTRACT

A new heat-resistant magnesium alloy (hereafter
referred to as “ACMS522”) for die-casting based on the
Mg-Al-Ca-RE system has been developed. In the 150°C
temperature range, the ACMS522 yields high creep
characteristics which are superior to the conventional
AEA4?2 heat-resistant magnesium alloy for die casting, and
it exhibits an excellent resistance to both heat and
corrosion which is equivalent to ADC12 general-purpose
aluminum alloy. Use of magnesium for oil pans has
raised a number of problems such as axial force drop in
the bolted areas and, until now, oil pans made of
magnesium had not applied to mass-produced
automobiles. The authors applied the ACM522 for oil
pans and reached to 35% less weight than conventional
oil pans made of aluminum.
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Fig.1 Honda integrated motor assist engine system
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Fig.2 Die casting test specimens:
(a) tensile specimen
(b) creep specimen
(c) fatigue specimen

Table 1 Chemical composition of ACM522 alloy
A0 | Rare earthll CaO MnO FeO Cull NiOd
wi% wit% wit% wit% ppm ppm ppm
5.3 2.6 2.0 0.17 19 18 <1
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Fig.3 Ring-die plate for hot-cracking test
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Fig.4 Bolt load retention test assembly
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Fig.5 Ultimate tensile strength of ACM522 alloy
compared with conventional die casting
alloys

200

ADC12

i ACM522
150 [

100

0.2% vyield strength (MPa)

50 1 1 1 1 1
0 50 100 150 200 250 300

Temperature (°C)

Fig.6 0.2% yield strength of ACM522 alloy compared
with conventional die casting alloys
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Fig.7 Elongation of ACM522 alloy compared with
conventional die casting alloys
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Fig.8 Stress-strain curves of ACM522 alloy
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Fig.9 0.1% creep strength of ACM522 alloy
compared with conventional die casting
alloys
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Fig.10 Fatigue strength of ACM522 alloy
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Fig.11 SEM image microstructure of ACM522 alloy
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Fig.12 Corrosion rate of each alloy of the salt water
spray test in 400 hours for some die casting
alloys
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Table 2 Physical properties of some die cast alloys

PropertiesO ACM5220 AE420| Az91DO ADC120
Density (g/cm3)0 1.790 1.810 1.810 2.700
Specific-heat (J/kg°C)O 0.910 0.960 0.960 0.960

Thermal conductivity (W/mK)O 86.90 78.60 53.80 1000

Electrical conductivity (%ICAS)d 22.50 20.30 12,70 27.00

Thermal expansion (/ x106°C)0 25.60 27.70 28.50 24.00

Modulus (GPa)O 450 450 450 690
Damping capacity (%)0 0.3250 NAO 0.2890| 0.3050
4.4. 00000
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Fig.13 The effect of Al and Ca content on the total
hot-crack length for the ACM522 alloy with
rare earth = 2wt%
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Fig.14 Bolt load retention test at 150°C
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Fig.15 Appearance of magnesium oilpan using
ACM522 alloy
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Fig.16 The effect of frequency of side mounting
bracket (2 000rpm , 250mmHg)
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