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1. Introduction

The computer simulation models for casting pro-
cesses have advanced tremendously in recent years.
With the aid of them, the final properties of the
casting such as dimension, surface quality, strength,
fatigue life, porosity and inclusions can be predicted
before production[1-9]. But, the casting models are
useful only to the extent that they can match the real
processes. As a way to validate these computer
models, the details of the experimental condition must
be recorded com-pletely, so that the models can later
simulate the same experiment. Unfortunately, such
fully-documented experiments are rare in the literature.

In this paper, the experiments have been con-ducted
to quantify graphite nodule count, matrix structure,
hardness and shrinkage during the pepset molded
casting of four T-shaped ductile cast iron specimens at
the Boo Kwang Cast Iron Co. in Korea. These
experimental measurements should be of use in the

validation of casting models in ductile cast iron.

2. Experimental Procedure
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Heat produced in this study was prepared in a
1000 kg-capacity silica lined high frequency induction
furnace. Charge constituents are presented in Table 1.
The heat weighed 1000 kg and was prepared from a
charge composed of clean pig iron and steel scrap.
Steel and alloying elements, as necessary, were added
to a slag free molten heel in the furnace so as to
minimize oxidation and slag formation. The melt was
heated to 1510°C when eutectometer samples were
taken to obtain the base iron analysis. Minor additions
to effect a constant base iron chemistry were made at
this stage. The melt was subsequently heated to
1600°C and samples were taken for chemical analysis.
Then, this base iron was transferred into a 300kg-
capacity ladle in which 4kg of MgFeSi alloys were
covered with clean steel scrap. After the spheroidizing
reaction which lasted for 140s, the melt was slagged.
The melt inoculated with 2.4kg of
FeSi(9 mm by down). After removal of any dross or

was then

slag, the melt was poured at 140(°C into pepset mold
with four T-shaped castings of different dimensions
and into a die to make a chill disk-shaped test piece

of dimensions 25X 4mm. The dimensions and
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Table 1. Composition of charge materials.

~Komposition o | sios) | Mn%) | Other
Materials

Sorel Iron 435 0.18 | 0.009 |0.025% P

Steel Scrap 0.20 0.10 0.40

Ferro-Mn 6.79 0.57 | 75.18

FeSi 75.0 0.95% Ca
1.21% Al

MgFeSi 46.24 5.06% Mg

arrangements of the four castings are shown in Fig. 1
and 2, respectively.

Brinell hardness tests were determined on the slice
of the casting with thickness of 38mm. This test was
conducted on a ground surface using standard
Then, the

metallographically and examined both untched and

procedures. specimens were prepared

etched(5% nital). The grid point intersection procedure
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Fig. 1. Dimensions(unit: mm) of four T-shaped castings.

was used to estimate the amount of matrix
constituents. All the castings were radiographed to
check on internal porosity. And, they were also
sectioned to check the distribution and location of

internal porosity in the castings.

3. Experimental Results and Discussion

3.1 Chemical Analysis
The chemical analysis of the heat was 3.74%C-
1.80%3S1-0.31%Mn-0.047%Mg.

3.2 Hardness

The casting part on which Brinell hardnesses were
measured 1s shown in Fig. 3. From the surface eight
positions with 10 mm spacing were measured twice(A,
B) and then averaged, as shown in Fig. 4. The
relationship between hardness and distance from the
surface is shown in Fig. 5, which shows that hardness

decreases with the increase from the surface.

Fig. 3. Part of the casting on which Brinell hardnesses were
measured.

(top view)

(front view)

Fig. 2. Arrangement of four castings in the pepset mold.
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Fig. 4. Hardness(HB) distribution along the eight positions in

the casting.

3.3 Nodule Count and Matrix Structure
The specimen for nodule count and metallographic
examination was taken from the areas in the casting

where the hardness measurements had been conducted.

The examination

126(0)

124(®)

included a measurement of the

103.5(®)
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ferrite and pearlite contents. The nodule counts
observed along the eight positions in Fig. 4 are shown
in Fig. 6, indicating that the nodule counts decrease
with the increase in distance from the surface and
range from 126/mm’ to 68/mm”. The matrix structures
of the casting were composed of pearlite and ferrite.
The range of ferrite in the matrix was from 83.7% to

98.1%, depending upon the positions of the casting as

85( 69()

68(®)

Fig. 6. The distribution of nodule counts along the eight different positions.
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Fig. 7. The distribution of ferrite along the eight different positions.
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Fig. 8. The shape of four risers radiographed after solidification.

shown in Fig. 7.

3.4 Shrinkage

Four risers of the castings were radiographed in
order to observe their feeding ability during
solidification, which are shown in Fig. 8 It was
observed that more sink down of the riser occurred
with the thicker T, meaning that more volume of the

risst had been fed to the casting with higher

(14)

dimensions. The sectioned parts of the four castings
are shown in Fig. 9, which reveals that the internal
porosities are located in the junction of the specimens
with thickness 20 and 26 mm.

4. Conclusion

Measurements have been made to quantify hardness,
nodule count, matrix structure and shrinkage during the
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Fig. 9. Internal porosities shown in the sectioned castings.

pepset molded casting of T-shaped ductile cast iron.
The experimental procedures, test conditions and final
results could be used to validate a mathematical model
for Brinell hardness, microstructure and shrinkage

(15)

prediction of ductile cast iron.
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