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Abstract

The current trend in foundries is to achieve the production of high quality and competitive cast components. The innovation
and optimization of current processes is a necessary element to achieve this goal. With the help of numerical simulations, it
is possible to replace financially demanding and time-consuming experiments in real conditions with simulations that can
reliably represent foundry process using computer technology. By a detailed analysis of the simulation results, we can predict
various risks that could negatively affect the production process. This article monitors the influence of changes in the design of
the gating system on the surface quality of a clutch wheel casting made of ductile iron, in the production of which two models
of the gating system for casting were constructed in CAD software. Verification of gating systems was performed using the sim-
ulation software NovaFlow & Solid. The aim of the design change of the gating system is to reduce the amount of liquid metal
used per casting, which can have a significant economic impact on industrial production. For this purpose, several simulations
of the gating system of the casting were performed, while 2 which are the most representative for the mentioned problem were
selected for the needs of the article. The main task of the simulation was to set the cellular network and conditions as close as
possible to the reality of casting and the subsequent design and modification of the gating system.
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1. INTRODUCTION

In the production of each casting component, an effort is
made to achieve the required quality at the lowest possi-
ble cost. Through simulation software it is possible to sim-
ulate processes with a relatively high degree of accuracy
during the casting of liquid metal and the solidification of
the casting. In the production of quality castings, the sim-
ulation of filling and solidification of castings is an integral
part of production quality. Computer simulation of casting
processes is a highly effective tool for optimizing processes
and events that take place during the filling of the mould
cavity and casting cooling. In the pre-production stage,
flaws in castings such as shrinkages and micro porosity can
be prevented by the simulation of filling and solidification.
Adjustments to the gating and feeder systems, along with
technological adjustment of casting and casting parameters
by means of a computer simulation, can help to prevent
such flaws [1-4].

Numerical simulations are a tool that can be used to eval-
uate foundry processes by means of computer technology
and to analyze various risks that might adversely affect the
production process. By using software and setting the input

data correctly, it is possible to favorably influence and even
eliminate the trial and error method which has long been
used in some foundries. By direct optimization, it is possible
to not only reduce the input costs to produce a given series
of castings but also the costs associated with determining
the cause of the defect. The digitizing of the production proc-
ess in the foundry should consist of two main steps [5]:

¢ execution of a 3D model in CAD system (Catia, SolidWorks,
Autodesk 360),

¢ implementation of foundry process simulations in a sim-
ulation software (Magmasoft, Novaflow, ProCast).

Numerical modeling in the foundry industry is based
on the use of empirical and semi-empirical physical and
numerical models [6]. By using simulation software, which
already includes a numerical model describing the proc-
esses taking place in the foundry process, we obtain
sophisticated solutions of complex processes, which can
be subsequently analyzed. Commercially available software
packages that are currently available for foundry needs are
affordable and can replace demanding operational experi-
ments [7].
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The casting simulation software consists of three modules:

solidification simulations,
flow simulations,
combined simulation.

The solidification simulation can be used to detect the
location of hot spots, to design and modify gating system.
The flow simulation can help us to visualize melt veloc-
ity during mold filling, filling time and solidification time,
which helps to locate melt flow disturbances such as imper-
fect melt flow, gating system malfunction, etc. [8, 9].

2. EXPERIMENTAL PART

The 3D model of the casting (Fig. 1) with many rib parts
was created in CAD software SolidWorks. The computer
simulations were realized by the software NovaFlow &
Solid.

Fig. 1. 3D model of casting

The EN-GJ]S-500 alloy was the model material. The melt
flow was 11 kg's, the casting type was gravity casting. The
melt was poured into the mold made of uniform benton-
ite mixture. After creating individual variants of the gating
system in the CAD software SolidWorks, it is necessary to
import the 3D model into the simulation program NovaFlow
& Solid, and configure the input parameters of the simula-
tions so that they correspond as much as possible to real
conditions.

Table 1 shows the summary of simulation inputs.

Table 1
Summary of simulation inputs

Casting type Gravity casting
Alloy EN-GJS-500
Flow 11 kg's™!
Casting temperature 1410°C

In Figure 2, the entire system is imported into a simula-
tion program. A cell in a model is an element in which a pro-
gram can evaluate individual processes (the more cells,
more accurate the results). As the number of cells increases,
the computation time of the simulation increases, too.

Fig. 2. The cellular network of the model imported in the simulation
software NovaFlow & Solid

3. SIMULATIONS

During the casting production, there was insufficient flow
of molten metal into the ribbed parts. Figure 3 shows a 3D
model of the original implemented design of the gating
system with 3 castings.

a)

b) ; :

Fig. 3. Gating system with 3 castings: a) 3D model; b) original design

After the observed simulation of the original design (Fig. 4),
it was found that at the value of 49% of the mold filling,
the melt was flowing from outside of the ribs of the casting
towards central part, which comes into contact with the melt,
which was flowing in the opposite direction. The contact area
in these places is too large due to the flowing melt volume
through this cross section.
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Fig. 4. The original design of the 49% filled form - detail of risk areas

In Figure 4, we can see red (high proportion of liquid
phase) and in some places gray color (solidified metal), which
corresponds to the real occurrence of defects in the casting.
Therefore, this point was chosen for investigation. The form
reaches 49% filling in the time of 3.460 s. These factors can
cause the defect known as cold-shut. Cold-shuts are visible
on the casting as missing part of the casting without fracture.

Figure 5 shows the improved gating system of the casting.

Fig. 5. Improved gating system

Figure 6 shows the proportion of liquid phase only. This
indicates directional solidification and the casting should
solidify without defects. At the same time, the form reaches
the 49 filling in the time 3.168 s after changing the gating
system design.
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Fig. 6. The improved gating system of the 49% filled mold - the
detail of risk areas
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4. CONCLUSION

Results are based on mold filling simulation as well as solid-
ification simulation. Those methods were used to reveal the
possible cause of the casting defect. The construction mod-
ification of the gating system eliminated the cause of the
casting defect by means of the faster distribution of molten
metal into risk areas. The filling time of the mold in the case
of the original design of the gating system was 3.460 s. In
the case of the improved gating system, the filling time was
3.168 s, and this difference in times led to the elimination of
the occurrence of the defect. Improvement of the gating sys-
tem design would significantly suppress the occurrence of
the defect and represent economic savings in terms of cast
iron consumption.

We can see the important difference between the weight
of the original design of the gating system and the variant
with the improved gating system of up to 4 kg. This weight
difference represents 4 of cast iron per year for mass pro-
duction. The costs associated with the casting of test spec-
imens would help to achieve the elimination of defects and
would significantly reduce failures in casting.
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