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1. Introduction

Permanent mold casting process of gray
cast 1ron has several benifits of clean en-
vironment, high productivity, and high qual-
ity compared to sand mold casting. In perma-
nent mold casting, active mold cooling
systems are necessary to remove the heat of
the sohdifying metal. Thermal modeling is an
important technique in designing of mold for
improving the productivity of the process,
for avoiding the formation of casting defects,
and for iIncreasing mechanical properties
through regulating solidification rates.

Although heat flow designs in molds are
commonly carried out by trial and error, this
can be expensive In terms of lost time and
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mold modification costs. Several studies
using computer simulation of die casting pro-
cess have been reported. Grant! applied
thermal modeling technique to a permanent
mold casting cycle for improving the pro-
ductivity of the process by using the two
dimensional thermal modeling based on the
FDM. Ikeda et al?, studied a thermal analy-
sis method to predict temperature distri-
butions in a die casting. Recently Hong et
al3). applied thermal modeling technique to a
permanent mold casting for designing the
cooling channel by using the BEM.

On the other hand, several studies on the
prediction of mechanical properties and
micro- have been reported.
Makimura? applied thermal modeling tech-
nique based on the FEM to predict the
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microstructures and mechanical properties of
cast iron in sand mold casting. Mampaey®
has developed a simulation method that
allows to calculate the eutectic cell count in
lamellar graphite cast 1ron.

In this study, a basic three dimensional
thermal model has been developed to simu-
late the solidification sequency for gravity
die casting of gray iron. The finite difference
method was used to model the solidification
process during all the casting cycles. The ef-
fects of water cooling system on the die tem-
perature, microstructure,
properties are also simulated.

and mechanical

2. Experimental procedures

Figure 1 shows the geometries of exper-
imental castings. A simple shape of cast iron
mold (GC 25) was used for eutectic gray
cast iron castings (C:3.3, Si:2.8, Mn:0.35).
The numbers 1 and 2 indicate the location of
thermocouples in the mold, and the letters A
and B indicate the position of the water
cooling channels,

With cooling channels, closed mold period
is 30 sec and open mold period is 105 sec.
With no cooling channels, closed mold period
1s 40 sec and open mold period 1s 105 sec. All
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(a) T shape casting. (Thickness : 20mm)
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(b) Step casting. (Thickness : 150mm)

Fig. 1. Geometry of experimental castings.

the castings were annealed at 900°C for 2hr
and cooled in a furnace to have a full ferritic
matrix, Molten cast 1ron was poured at
1300°C

3. Numerical Modeling

A three dimensional thermal model based
on the FDM was used to simulate the
solidification process of the casting /mold
system. An instant fill of the molten metal
into the mold cavity was assumed at the
start of the closed mold period. During the
open mold period, casting is removed from
the mold and interface of casting /mold is
converted to interface of air /mold, then
boundary condition is changed.

In the cyclic casting process, during the
closed mold period both the solidification and
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temperature distributions in casting and mold
are analyzed. However, during the open mold

period only the heat flow problem in mold is
necessary to be analyzed.

4. Results and Discussion

Heat flow analysis in metal mold during cyc-
lic casting process

Accurate control of thermal history in mold
during cyclic casting are very important in
the gravity die casting process since pro-
ductivity and quality of products are closely
affected by the thermal history.

Measured and calculated thermal histories
for several nodes in metal mold are shown in
Figure 2 (a) and <b). It can be shown from
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Fig. 2. Thermal history of mold during cyclic
castings.
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the figures that temperature profiles are not
changed by cycling in the case of water
cooling. So it 1s possible to control the ther-
mal histroy in mold during cyclic casting pro-
cess by using the water cooling system.
Figure 3 shows the contour lines of
solidification time in casting cycle 3 through
(a) for with water cooling, and (b) for
without water cooling channels, As shown in
the figures, solidification patterns are not af-
fected by cycling in case of water cooling.
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Fig. 3. Contour lines of solidification time. (unit :
sec)

Relationship between eutectic solidification
time and microstructure,
properties in step castings

In general, the microstructure and mechan-
ical properties of solidified matenials are
closely related to the cooling rate and
solidification time. In order to examine the
effect of eutectic solidification time of gray
cast iron on the number of eutectic cells and
mechanical properties, experimental castings
with various thickness were used.

and mechanical
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the contour lines of
calculated eutectic solidification time in step
casting. The relationship between the
calculated eutectic solidification time(te) and
measured number of eutectic cells (Nec) is
llustrated in Figure 5. From the figure, the
following relation can be obtained by re-
gression analysis,
NECc=4669.5 X tE0-5

Figure 6 shows the relationship between
the calculated eutectic solidification time and
hardness{Hrs), and a similar relation can
also be obtained as follows;

Hrp=128.8 X tg 0%

Figure 7 1llustrates the relationship be-
tween the calculated eutectic solidification
time and tensile strength(UTS), and in a
similar procedure the following relation can
be obtained.

Figure 4 shows

UTS=94.46 X tg %>

Fig. 4. Contour lines of solidification time in step

casting. (unit : sec)
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Prediction of microstructure and mechan-
ical properties of T shape casting in cyclic
casting process

The variation of eutectic solidification time
with cyclic casting is shown in Figure 8. As
shown in the figure, without water cooling,
eutectic sohdification time increases with
cycling, however, with water cooling, no
variation of solidification time 1s found. The
relationship between the calculated number
of eutectic cells and the casting cycle 1is
shown 1n Figure 9. The effect of water
cooling on the number of eutectic cells can
be seen in the figure.

Figure 10 illustrates the effect of water
cooling on the hardness during cyclic casting.
And the effect of water cooling on the ten-
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sile strength during cyclic casting 1s also
shown 1n Figure 11. As shown 1n the figures,
mechanical properties are increased with
water cooling channels, and no decrease 1s
found during cycling.

Figure 12 1llustrates the comparison of
calculated hardness contours and experi-
mentally observed results in the T shape
casting, (a) for with water cooling, and (b)
for without water cooling channels, It shows
that calculated results is relatively in good
agreement with those observed 1n experimen-
tal castings.

5. Conclusion

In the present study, three dimensional
solidification sequence has been simulated by
computer during the cyclic gravity die cast-
ing of gray cast iron. The finite difference
method was adopted for the main simulator,

Simulation of solidification sequence in the
casting region and of thermal history in the
mold region during the cyclic castings allows
to predict the microstructure and mechanical
properties, and to make a quantitative design
of water cooling system in metal mold.

Table 1. Physical property data and initial value used to calculation

Physical Density Specific heat Heat conductivity Latent heat
Property
Material (g /cm3) (cal /g. C) (cal/cm-s- ) (cal /g)
20—200 C:0.128 20—200 C:0.154
Eutectic 200—400 C:0.134 200—400 C:0.124
cast iron 7.0 400—800 C:0.140 400—800 C : 0.094 47
(Cast metal) 800—900 C :0.168 800—900 C:0.071
over 900 C:0.173 over 900 C:0.053
20—200 C:0.128 20—200 C:0.154
Eutectic 200—400 C:0.134 200—400 C:0.124
cast 1ron 7.0 400—800 C :0.140 400—800 C:0.094 -
(Metal mold) 800—900 C :0.168 800—900 C:0.071
over 900 C : 0.173 over 900 C :0.053
Physical Liqguidus Solidus Initial Surrounding Heat trans.
Property temp(C) temp(C) temp(C) temp(C) coeff. (cal /cm-s- )
Material
Eutectic Cast metal /Mold
cast iron 1158 1101 1300 - 0.05
(Cast metal)
Eutectic Mold / Atmosphere
cast iron — — — 20 0.0005
{Metal mold)
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