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Abstract

This paper is devoted to the presentation of initial results focused on the optimization of numerical simulations
of gravity casting of ductile iron castings into non-permanent bentonite molds. Numerical simulations were
performed focused on the course of filling the mold and solidification of the casting by simulation SW ProCAST.
The proportions of pearlite and ferrite phases, graphite nodularity and hardness were obtained. The input
parameters were set to fit the simultaneously realized experimental operating melts. Macroscopic defects,
metallographic structure and hardness were verified in selected sections of test castings. The data obtained
from metallographic analysis and hardness were used to verify the results of numerical modeling. The
comparison of the results shows a good agreement between the real casting and the numerical simulation.
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1. INTRODUCTION

Cast irons are materials with a wide range of properties and application. The main factors influencing
mechanical properties of cast iron are graphite morphology, metal matrix composition and casts defects [1-4].
Graphite fit can appear in several modifications in cast irons — lamellar graphite (GJL), nodular graphite (GJS),
compacted graphite (GJV), flake graphite (GJM) [5]. From the mechanical properties’ viewpoint, the graphite
nodules are the most favourable modification (see
Figure 1), since it eliminates graphite flakes impact effect.
Mechanical properties of the remaining cast iron types
range from GJL to GJS [2]. The metal mass composition
depends on many factors, e.g. on chemical composition
and cooling rate. However, the basic metal mass of
unalloyed cast iron consists most often of ferrite and
pearlite [2,6]. Ferrite is soft, ductile, with low strength; in
cast iron it is a ductility carrier. By contrast, pearlite is a
carrier of higher strength and hardness.

Pearlite

Ferrite

Graphite
nodules

Cast iron with nodular graphite must have mechanical
properties specified by the standard [7]. Therefore, it is
desirable to achieve a certain material structure that
depends on many factors [2,6]. E.g., the pearlite and ferrite
proportion depends, to a large extent, on the cooling rate which is influenced by the cast wall thickness and by
the mold cooling ability [8-10]. Chemical composition is rather important from the viewpoint of mechanical

Figure 1 Example of structure of cast irons fith
nodular graphite
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properties as well defects formation in a cast [2,8,11]. Chemical composition of cast irons with graphite nodules
is not specified by a standard, therefore it depends on the manufacturer’s experience.

Cast iron properties can be determined by tests of standardized samples with prescribed parameters [7].
Another method is, for example, numerical simulations application. Numerical simulation does not require
manufacturing of a physical cast for determination of a material/cast properties and, after the model successful
validation, it can be an efficient tool for relatively fast specification of changes in the cast structure at various
technological parameters adjustment (e.g., chemical composition of the material, casting temperature, cooling
ability of the mold, thermal processing, etc.). To a certain extent, it saves time and finance spent on samples
or trial casts manufacturing.

Many products for metallurgical processes simulation exist on the market now. One of them is the ProCAST
simulation software [12] for foundry applications. ProCAST that operates with the final elements method
provides an extensive system of modules and foundry tools. Besides the basic applications, i.e. calculation of
filling, solidification and stress conditions, it provides, e.g., also the possibility of microstructure, porosity,
segregation and mechanical properties of materials prediction, as well as solution of specific processes, like
lost foam, centrifugal, continuous casting [13], etc.

Currently, the Environmental Research Department of the Institute of Technology and Business in Ceské
Budgjovice conducts a research that is focused on optimization of ductile cast iron casting. For this purpose,
operational heats are realized in the MOTOR JIKOV Slévarna a.s., the aim of which is to assess the influence
and efficiency of the designed and modified technological processes of production, secondary metallurgy,
casting and thermal processing of ductile iron casts. It also includes numerical simulation in the SW ProCAST,
focused on the melt properties, on setting the conditions for casting, solidification and cooling of ductile iron
casts; the objective is to identify and prevent problem in the designed production technology which might result
in defects occurrence. The paper presents the results of primary numerical simulations, the target of which
was adjustment of the numerical model and achieving of the highest possible compliance with a real cast
structure and properties. Data from metallographic analysis of a particular cast, casted within trial heats, were
used for the numerical model results verification.

2. EXPERIMENTAL PROCEDURE

The study proper was focused on a HANDLE 1265 type casting (see Figure 2) that is a part of the gear
mechanism for passenger cars. The casts are casted gravitationally into bentonite molds. A non-permanent
mold for gravitational casting includes 6 casts arranged as shown on Figure 2. The cast is manufactured from
the EN-GJS-450-10 material; its general chemical composition is specified in Table 1.

Table 1 Chemical composition of the EN-GJS-450-10 material (wt. %)

C Si Mn P S Cu

3.85 2.62 0.21 0.05 0.01 0.04

Computational geometry (i.e., a mold cavity, that means casts including the gating system, filter and risers)
was created for numerical simulations purposes; its size corresponded to a real mold used in operating
conditions. Thus, prepared geometry was then covered by a 3D computational grid with 2 542 841 elements.
To provide an idea concerning the structure, Figure 3 shows an example of the computational geometry
surface and 3D mesh.
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A gravitational vector was further defined in

the direction of the negative Y axis, casting 7T
temperature, conditions of heat transfer, i
heat transfer coefficients (HTC) between the

gating system components and boundary
conditions for the correct course of filling

and solidification. Materials of individual (2
components of the gating system are 51
specified in Table 2. The mold temperature ' B
of 30 °C and bentonite mixture humidity of =
3,6 % were used for the calculation
purposes. The calculation was carried out
using the Thermal module and Pseudo-
binary Microstructure module.

Within  the numerical model setting
optimization, 14 partial simulation variants
were realized, with adjusted solvers’

parameters. The geometry, computational
mesh, materials, initial and boundary
conditions of the process were not changed
across the variants. The following text
presents the variant with the highest
compliance with the analyzed casting
properties.

Table 2 Materials of individual parts of a gating system

Casting

Figure 2 Drawing of a HANDLE 1265 casting and casts

arrangement in the mold

Figure 3 Geometry of a mold and computational mesh

Name Casting Riser Gate Cup Mold Filter
Material group Alloy Alloy Alloy Alloy Mold Filter
. EN-GJS-450- | EN-GJS-450- | EN-GJS-450- | EN-GJS-450-
Material 10 10 10 10 Green Sand 10 PPI
3. MODEL VALIDATION
The numerical model validation was carried out with
application of results of a metallographic analysis of samples
taken from casts produced within operational heats. Potentially S——
problematic points in the casts were specified on the basis of
numerical simulations results and after consultation with the
operating partner for the purposes of microstructural and Bl ® ‘ Section 3

mechanical properties and porosity occurrence evaluation.
Sections were situated in the relevant places and samples
were taken from them for assessment of the pearlite/ferrite
portion and of graphite nodularity according to the CSN EN ISO
945-1 standard [14], as well as of Brinell hardness according
to the CSN EN ISO 6506-1 standard [15] and porosity
presence. The relevant properties appeared to be suitable for
the numerical model validation, since they are available within

‘ Section 4

Figure 4 Positions of samples taken
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the SW ProCAST numerical simulation results. Each of the
samples/sections was then analyzed in 9 points. Section planes
were defined in the SW ProCAST according to the section’s
positions on a cast (see Figure 4). Then the position of points for
data export was defined approximately on individual sections on
the basis of the points positions on the relevant sample. Figure 5
shows the points positions for microstructural and mechanical
properties analysis. The specified properties analysis was carried
out for all the 6 casts located in the mold (Figure 2). Considering
the analysis scope and the data amount, the cast No. 6 was
selected for the results presentation (on Figure 2 marked in red).

Figure 5 Positions of points for Brinell
hardness analysis
4. RESULTS AND DISCUSSION

Figures 6 and 7 show comparison of results of the numerical simulations and of the metallographic analysis
of the relevant properties in individual points of the section. Figure 6 shows comparison of results of the
metallographic analysis which assessed the ferrite and pearlite portion and graphite nodularity with the
numerical simulations results. Brinell hardness was compared as well. With regard to the assessment scope,
for information we present complete analysis of sections 2 and 4 where porosity occurrence was found.
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Figure 6 Comparison of the numerical simulation results to the metallographic analysis
(left: Section 2, right: Section 4)

It is necessary to draw attention to the fact that while values to the ferrite and pearlite portion from
metallographic analyses are calculated to 1 or, as the case may be, to 100 %, the sums of the ferrite and
pearlite portion values exported from SW ProCAST do not correspond to it, because postprocessing stores
separately the graphite values (primary, secondarily discharged, total). Therefore, it can be expected that
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compared to the metallographic analysis, in case of simulation the pearlite portion is slightly reduced by the
value corresponding to the graphite portion in the structure (ca 7-9 %).

Based on the facts specified and, on the results, obtained it can be stated that the Microstructure model results
comply relatively well with the metallographic analysis. Hardness was the only exception; it was undervaluated
within the simulation. Attention shall be paid to this problem within further optimization of the calculation.

Figure 7 shows comparison of
samples taken from a cast, with
porosity predicted by the SW
ProCAST. It is clear that a very good
compliance of results has been
achieved. Porosity occurred in the S 3 : [
cast in the area of sections 2 and 4. It | - @ ":i .‘I :*, :f‘ . '
was also predicted by the SW | y L | ¥ ~.
ProCAST in the same areas. The D N T A —
porosity area range was in good
compliance, too.

Section 1 Section 2 Section 3 Section 4

Figure 7 Porosity prediction

5. CONCLUSION

Primary numerical simulations of casting and solidification of a HANDLE 1265 type of ductile cast iron cast
have been introduced within the article submitted; they were realized within optimization of the relevant cast
production technology. Knowledge obtained within the numerical simulations’ solution can be summarized into
the below points:

. A CAD geometry has been created for the numerical simulations’ requirements; subsequently, it was
covered by a 3D computational mesh.

. The calculation itself was realized by the Thermal module and the Pseudo-binary Microstructure module,
which are comprised in SW ProCAST.

o 14 partial simulation variants were realized; within them the solvers’ setting was tested with the aim to
obtain the best possible compliance of results with a real cast.

. The model was validated through a particular cast produced within trial operational heats. Samples were

taken from the relevant cast which were analyzed metallographically with the aim to determine the
portion of ferrite and pearlite and graphite nodularity. Brinell hardness was measured as well.

. The numerical simulation results comparison with metallographic analysis and hardness measuring was
carried out within the verification. Very good compliance was reached in the porosity area. ProCAST
predicted porosity occurrence in those locations where it also appeared in reality in the cast. The porosity
location was in compliance, as well as its scope. Good compliance was reached also in the area of
pearlite and ferrite portion and the graphite nodularity.

. Within the simulation, Brinell hardness values were lower than hardness determined by measuring by
the order of several tens of points.

The calculation optimization will continue within further solution of numerical simulations, with the aim to obtain
better compliance regarding the hardness values. After the setting adjustment, the numerical simulations will
serve for testing of various technological parameters impacts on casts quality, in particular from the viewpoint
of porosity elimination and obtaining of the required mechanical properties of casts.
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