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ABSTRACT

One result of research on the semi solid casting of
iron is the development of parts having qualities that
combine the superior material properties of iron with the
dimensional accuracy characteristic of aluminum die-cast
parts. In addition, this manufacturing method also
improves the factory environment by eliminating the
need for sand molds, and the same equipment and
facilities can be shared with Al-thixo casting. To
establish this technology, research was conducted on
material composition of iron-carbon-silicon, molding
methods using optimal billet heating speeds and copper
die materials, and methods for the continuous casting of
raw material billets for Fe-thixo casting. This
manufacturing method was studied with an oil pump
cover in which the oil pump is directly driven by the
engine crank shaft, and the same dimensional accuracy
was obtained as the conventional aluminum die-cast
product. Furthermore, improvement in the volume
efficiency of the oil pump was also confirmed due to the
stiffness improvement and clearance reduction effects.
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a: Load a billet in pallet

v 3¥
b: Induction heating

_c: Carry it in semi-solid state

e: Take out a product

" N

d: Oben a die after forming

Fig. 5 Fe-thixo casting
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Table 1 Chemical compositions of Fe-thixo casting (wt%)

C Si Mn P S Ni Cr
2.30/2.40 1.95/2.05 0.60/0.70 <0.035 <0.04 0.50/1.00 0.00/0.50
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Table 2 Heat treatment

Tensile
strength Heat-treatment (Hardness HB)
i : Furnace cooling (HB 150-200)
950°C x 60min.
500 ~
700MPa Cooling rate
=0.05 ~ 0.10°C/sec.
ii : Annealing/Annealing (two steps)
(HB 200-350)
1000°C x 60min.
600 ~ T°C xtmin.
900MPa ! R
N
1
Air cooling : Air cooling
AY
\ i L}
1
Cooling rate = 2.0°C/sec.
iii : Heat refining/ﬁgs_te_z@ge_r (HB 250-350)
1000°C x 60min.
I
800~ : T °C x t min.
1300MPa !
L] _]_T:°Cx60min.
1
Oil quench Air cooling
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Fig. 8 Mechanical properties vs heat treatment
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Table 3 Calculated maximum filling time

Fe-thixo ADC12
K cal/s -cm - °C 0.099 0.23
ga cal/g 55 94
c callg - °C 0.166 0.26
p g/cm?® 71 24
tm °C 1200 650
ts °C 1150 520
td °C 200 200
X cm 0.3 0.3
Filling time sec 0.21 0.14
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Fig. 12 Filling area of Fe-thixo
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Fig. 14 Continuous casting bar
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Fig. 15 As-cast oil pump cover
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Fig. 16  Structure of engine oil pump directly driven
by crank shaft
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between Fe-thixo and Al-DC cover
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Table 4 Accuracy of Fe-thixo cover (mm)

Size range ~30 (mm) [50-80(mm)
Fe-thixo .
cover Deviation 30 0.16 0.31
General Al die-cast +0.25 +0.35
tolerance 1st
class of JIS Steel forging +0.4 +0.6
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