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Flow-3D Cast, A356 A356 aluminum alloy casting is one of the manufacturing methods widely used in the
Casting, CFD automotive and aerospace industries because it has superior mechanical properties

Simulation, Casting and good corrosion resistance. However, this casting process often faces technical

Optimization, Casting challenges, such as porosity, shrinkage, and defects due to suboptimal metal flow.

Defects. Therefore, Flow-3D Cast, a software based on Computational Fluid Dynamics (CFD), is
used to optimize the casting process by simulating the flow of molten metal,
solidification analysis, as well as temperature distribution in the mold. This study aims
to evaluate the effectiveness of Flow-3D Cast in optimizing the casting of A356, with a
focus on reducing casting defects, increasing production efficiency, and improving the
design of the gating and riser system. The research method used is a literature study by
analyzing various previous research results that discuss the application of Flow-3D Cast
simulation in optimizing the A356 casting process. Data is obtained from indexed
scientific journals, academic books, and relevant technical reports. The results show
that the use of Flow-3D Cast can reduce shrinkage defects by up to 40%, improve the
homogeneity of microstructures, and optimize the flow rate of molten metal in the
mold. In addition, the design of the gating system that has been optimized through
simulation has been proven to be able to increase casting yield by up to 85% and reduce
energy consumption in the casting process. Thus, the use of Flow-3D Cast-based
simulation has proven to be effective in improving the quality of A356 casting products,
reducing production defects, and reducing operational costs in the foundry industry.

@ This is an open access article under the CC BY License

INTRODUCTION

Metal casting is one of the oldest manufacturing methods that continues to experience rapid
development along with the advancement of computer simulation technology. In the aluminum
casting industry, A356 alloy is widely used because it has a combination of good mechanical strength,
corrosion resistance, and high casting ability (Dong et al., 2023). However, despite these advantages,
the A356 casting process still faces various challenges, such as casting defects due to porosity,
shrinkage, and suboptimal metal flow (Hussainy et al., 2015). Therefore, an optimization strategy is
needed to improve casting quality, one of which is through the application of casting simulation
software such as Flow-3D Cast.
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Flow-3D Cast software is a state-of-the-art simulation software specifically designed to
analyze and optimize metal casting processes. Using the Computational Fluid Dynamics (CFD)
method, Flow-3D Cast allows users to model the flow of metal liquids in molds, identify potential
defects such as shrinkage, porosity, and turbulence, and optimize the design of inlet and ventilation
systems before actual production takes place (Kaliuzhnyi et al., 2024; Salagarkar & Inamdar, 2020).
The use of these simulations allows the foundry industry to reduce material waste, improve
production efficiency, and optimize the design of the casting system (Ou et al.,, 2020). With this
approach, design errors in the mold or casting parameters can be identified and corrected before the
actual casting process is performed, saving production costs and time (Dumani¢ et al., 2021).

In recent research, Flow-3D Cast has been applied to analyze steel castings using the lost foam
sand casting method, where this software successfully predicts shrinkage and porosity distribution
on manufactured components (Kaliuzhnyi et al., 2024). In addition, other studies show that this
software plays a crucial role in developing a multifunctional ceramic filtration system for steel
casting, allowing for improved filtration efficiency of molten metal and producing materials with
fewer defects (Aneziris & Biermann, 2024). With its ability to provide highly detailed simulations,
Flow-3D Cast continues to evolve as a key tool in optimizing modern casting processes.

The application of Flow-3D Cast in A356 casting optimization has shown positive results in
various studies. A study conducted by Ishfaq et al. (2020) shows that simulations using this software
are able to reduce shrinkage defects by up to 40% by optimizing the design of the inlet and ventilation
system (Ishfaq et al., 2020). Another study conducted by Dou et al. (2020) found that Flow-3D Cast
can improve the efficiency of pouring and temperature distribution of molten metal, which
significantly reduces the risk of porosity in A356 castings (Dou et al., 2020).

Although various studies have proven the effectiveness of this software, there are still
research gaps regarding how different casting parameters affect the final result of the A356 product
and how the simulation can be further optimized to achieve more perfect casting results (Chen et al,,
2023). Therefore, further research is needed that focuses on analyzing the effectiveness of Flow-3D
Castin optimizing the A356 casting process, especially in improving product quality, reducing defects,
and improving production efficiency.

As the industry increasingly demands lighter, stronger, and defect-free aluminum products,
innovative strategies are needed in the casting process to produce consistently high-quality products
(Khosravi etal., 2014). Flow-3D Cast offers a more precise and economical solution than conventional
trial-and-error methods, thereby increasing the competitiveness of the A356 foundry industry on a
global level.

Several previous studies have discussed the use of simulation in the optimization of the A356
foundry. Hussainy and Mohiuddin (2015) showed that the use of simulation software can reduce
trial-and-error time in production as well as optimize casting parameters to minimize porosity
defects (Hussainy et al., 2015). Another study by Costa (2015) highlighted that the optimization of
the inlet system through simulation can increase the homogeneity of the molten metal flow, which
has an impact on increasing the mechanical strength of the final product (Costa, 2015). Although
these studies have shown the benefits of applying casting simulations, there is still a research gap
regarding how effective Flow-3D Cast specifically is in optimizing the casting of A356 compared to
other simulation methods.

This study analyzes the effectiveness of Flow-3D Cast in optimizing the A356 casting process,
focusing on defect reduction, production efficiency, and casting system design optimization. The
study evaluates the accuracy of the simulation, identifies critical parameters, and determines
simulation-based optimization strategies. The results are expected to help the foundry industry in
reducing defects, reducing costs, and increasing competitiveness.
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METHOD

This study uses a qualitative approach with the type of library research which aims to analyze
the effectiveness of Flow-3D Cast software in optimizing the A356 casting process. This method was
chosen because it allows researchers to study and interpret various relevant academic sources to gain
a deep understanding of the role of computer simulation in improving the quality of metal casting
(Bowen, 2009). By reviewing the results of previous research, this study seeks to identify the
advantages, limitations, and development opportunities for the use of Flow-3D Cast in the aluminum-
based casting industry.

The data used in this study are sourced from secondary data, consisting of scientific journal
articles, reference books, conference proceedings, and research reports that discuss casting
simulations using Flow-3D Cast and optimization of the A356 casting process. The literature studied
was selected based on the relevance to the research topic and the level of credibility of the source,
namely international journals indexed in Scopus, Springer, Elsevier, and MDPI, as well as technical
conference proceedings related to casting and materials engineering techniques. In addition,
technical documents published by the foundry manufacturing industry are also analysis material to
understand the application of Flow-3D Cast in industrial practice.

The data collection technique in this study is carried out through the documentation method,
namely by searching, collecting, and analyzing various relevant sources to obtain information about
the effectiveness of Flow-3D Cast in A356 casting optimization (Bowen, 2009). The data collected
includes simulation parameters, optimization strategies, and research results that show the impact
of the use of this software on improving the quality of casting products. To ensure the validity of the
data, only references published in the last five years are used as the main analysis material, so that
the results of the study can reflect the current conditions in the foundry industry.

The data analysis in this study uses content analysis and descriptive analysis methods to
examine findings from various sources of literature that have been collected. Content analysis is used
to identify key patterns, themes, and concepts related to the effectiveness of Flow-3D Cast in A356
casting optimization, such as key parameters in simulation, reduction of casting defects, and
improvement of production efficiency (Krippendorff, 2018). Descriptive analysis is carried out by
presenting findings in the form of a systematic narrative, thus providing a clearer understanding of
how this software can be applied effectively in the foundry industry (Huberman & Miles, 1992).

In addition, this study also uses a comparative approach by comparing the results of research
that has been carried out on the use of Flow-3D Cast in A356 casting with other simulation methods,
such as ProCAST or MAGMASoft, in order to obtain a broader perspective on the advantages and
limitations of each simulation technology. Thus, this study not only provides an in-depth picture of
the role of Flow-3D Cast in A356 casting optimization, but also identifies improvement opportunities
and recommendations for the industry in implementing casting simulations more effectively.

RESULT AND DISCUSSION

The following table presents 10 selected articles from various sources that discuss the
effectiveness of Flow-3D Cast software in optimizing the A356 casting process. These articles are
selected based on the relevance, credibility of the source, and contribution to the analysis of the
casting simulation process. Each article covers different aspects, from the reduction of casting defects
to production efficiency and the application of optimization methods in casting design.

Table 1. Literature Review
No Author Title Research Focus
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1 Salagarkar & Optimization of Compound Casting Flow-3D Cast is able to
Inamdar through Simulation Software: A Review improve metal casting
efficiency with Cu-rich phase
analysis in A356
2 Hussainy & A Practical Approach to Eliminate Defects Casting simulation is able to
Mohiuddin in Gravity Die Cast Al-Alloy Casting Using reduce defects and improve
Simulation Software quality control in die casting
methods
3 Dongetal Process Optimization of A356 Aluminum The use of simulations for low-
Alloy Wheel Hub Fabricated by Low- pressure optimization of die
Pressure Die Casting with Simulation and casting results in better
Experimental Coupling Methods temperature distribution
4 Dumani¢etal. Optimization of Semi-Solid High-Pressure Flow-3D Cast simulation is
Die Casting Process by Computer able to optimize Taguchi-
Simulation, Taguchi Method, and Grey based casting systems and
Relational Analysis gray relationship analysis
5 Ouetal Advanced Process Simulation of Low- Simulation is able to improve
Pressure Die Cast A356 Aluminum the accuracy of the A356
Automotive Wheels—Part II Modeling casting model and energy
Methodology and Validation efficiency in the production
process
6 Fanetal Optimization of Casting System Structure Flow-3D Cast simulation with
Based on Genetic Algorithm for A356 genetic algorithms improves
Casting Quality Prediction casting quality prediction
7  Khosravi & Modeling and Optimization of Cooling Simulation models are used to
Eslami-Farsani Slope Process Parameters for Semi-Solid determine the optimal
Casting of A356 Al Alloy parameters in the A356 semi-
solid casting
8 Costa Optimization of filling systems for low Flow-3D is used for the
pressure by Flow 3D analysis of filling systems in
low-pressure casting
processes
9 Douetal A Complete Computer-Aided Engineering Flow-3D is used  for
(CAE) Modeling and Optimization of High- optimization of high-pressure
Pressure Die Casting (HPDC) Process parameters in A356 castings
10 Sensoy et al. Investigating the Optimum Model Flow-3D Cast simulation
Parameters for Casting Process of A356 combined with swarm
Alloy: A Cross-Validation Using Response algorithm  for  improved

Surface Method and Particle Swarm
Optimization

casting efficiency

The results of research from various sources that have been selected in the previous table
show that the use of Flow-3D Cast in the optimization of A356 alloy casting has a significant impact
on improving production efficiency, reducing casting defects, and optimizing the design of the casting
system. Each study highlights different aspects of the use of this software, from improving the
structure of metal flows, optimizing process parameters, to integrating with other computational
methods to improve the accuracy of casting simulations.

The research conducted by Salagarkar and Inamdar (2020) provides a comprehensive review
of the effectiveness of simulations in compound casting optimization, with a focus on the analysis of
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copper-rich phases in alloy A356. Using Flow-3D Cast, the study found that improvements to the
printing system can reduce copper-rich phase segregation that often leads to inhomogeneity of
mechanical properties in A356 castings. These findings confirm that casting simulations can help in
designing more effective inlet systems, so that the distribution of alloying elements in molten metals
becomes more homogeneous and product quality improves (Salagarkar & Inamdar, 2020).

In addition, research conducted by Hussainy and Mohiuddin (2015) shows that Flow-3D Cast
simulation can be used to eliminate casting defects in the gravity die casting method. By applying
molten metal flow analysis and cooling patterns, this study proves that simulation methods enable
the industry to reduce casting defects such as porosity and shrinkage, which are often the main causes
of poor quality of A356 products. In this case, the optimization of the mold design and casting
parameters based on the simulation results proved to significantly improve the final quality of the
product compared to the traditional trial-and-error method (Hussainy et al., 2015).

Another study conducted by Dong et al. (2023) provides a broader perspective on the
optimization of A356 castings for automotive applications. This study focuses on the manufacture of
wheel rims made of A356 with the Low-Pressure Die Casting (LPDC) method and integrates Flow-3D
Cast simulation to validate the process parameters. The results show that the use of simulation can
help in improving the temperature distribution of molten metal during casting, thus allowing the final
product to have better mechanical properties and a lower risk of thermal cracking. The study also
highlights that the integration between simulation and experimental tests can be an effective strategy
in developing more efficient and sustainable production methods (Dong et al., 2023).

Furthermore, the research of Dumani¢ et al. (2021) emphasized that the use of Flow-3D Cast
in semi-solid casting optimization can improve production efficiency through the application of the
Taguchi method and gray relationship analysis. The study shows that simulation can help in reducing
the number of iterations of experimental testing, which ultimately reduces production costs and
product development time. By utilizing statistical techniques in the optimization of casting
parameters, this study proves that the combination of simulation and experimental methods can
improve precision in the design of casting systems (Dumanic¢ et al., 2021).

In the context of casting system optimization, the research of Ou et al. (2020) shows that
Flow-3D Cast is able to improve the accuracy of low-pressure-based casting simulation models. This
study focuses on the development of methods to improve energy efficiency in automotive production,
especially in the manufacture of components made of A356. The results of this study indicate that
changes in casting parameters based on simulation can produce products with lower defect levels
and more efficient energy consumption compared to conventional methods (Ou et al., 2020).

In addition, research conducted by Fan et al. (2023) contributed to the development of a
genetic algorithm-based casting optimization method. By using Flow-3D Cast in metal flow analysis
and microstructure formation, this study found that the integration of simulation with artificial
intelligence algorithms can improve the accuracy of casting quality prediction. The results show that
this method can help the industry in selecting the optimal parameters automatically, without the need
to do many experimental iterations (Chen et al., 2023).

From a different perspective, the research of Khosravi and Eslami-Farsani (2014) highlights
how the semi-solid casting process of A356 can be optimized through numerical simulation. This
study proves that parameters such as the initial temperature of the molten metal, the angle of
inclination of the mold, and the flow rate can be optimally controlled through simulation to produce
amore uniform microstructure. This is important because the uniform microstructure will contribute
to the improved mechanical properties of A356 casting products, especially in applications that
require high resistance to mechanical loads (Khosravi et al.,, 2014).
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The study by Costa (2015) further highlights the use of Flow-3D in the design of low-pressure
mold filling systems, by finding that small changes in the inlet design can have a major impact on the
homogeneity of the flow of molten metal. Using simulations, the study successfully identified an
optimal design that can reduce turbulence during casting, ultimately helping in preventing the
formation of gas and oxide inclusions in the final product (Costa, 2015).

The research of Dou et al. (2020) confirms that Flow-3D Cast plays an important role in High-
Pressure Die Casting (HPDC) by providing more accurate modeling regarding the interaction
between the molten metal and the mold. This simulation allows the industry to predict the
distribution of thermal stress in the mold, which is a key factor in reducing the risk of cracking and
deformation in the final product. The results of this study show that by applying the simulation
results, the company can extend the life of the mold and reduce the maintenance cost of production
equipment (Dou et al,, 2020).

Finally, the research of Sensoy et al. (2020) introduced a combination approach between the
Response Surface Method (RSM) and Particle Swarm Optimization (PSO) methods in the casting
simulation of A356 using Flow-3D Cast. Using this approach, the study succeeded in finding optimal
parameters that minimize casting defects, while improving the efficiency of material use. The results
of this study show that a combination of optimization and simulation methods can result in a
significant increase in productivity in the foundry industry (Sensoy et al., 2020).

Overall, the results of these studies prove that Flow-3D Cast is a very effective tool in
improving the quality of A356 castings. Its use in industry not only helps in reducing casting defects,
but also allows for the development of more energy-efficient, environmentally friendly production
methods, as well as faster in design iteration and validation of production parameters. With the trend
of integrating simulation with artificial intelligence and other advanced optimization methods, Flow-
3D Cast continues to grow as one of the most reliable software in the development of modern metal
casting-based manufacturing technology.

Discossion
The Effectiveness of Flow-3D Cast in Optimizing the A356 Casting Process
1. Defect Reduction in Cast Products

In an analysis of the effectiveness of Flow-3D Cast in optimizing the A356 casting process,
the reduction of defects in cast products was one of the key aspects evaluated. Defects in casting
are often a factor that degrades the quality and mechanical performance of the final product, so
itis important to understand how simulation software can help identify and reduce the likelihood
of such defects.

In this study, several types of defects that are the main focus are porosity, gas segregation,
heat cracking, misrun (filling imperfections), and shrinkage or shrinkage that occurs during the
solidification of molten metal. Simulations conducted using Flow-3D Cast show that with the right
setting of parameters, such as optimization of metal flow velocity, mold pressure, and gating
system design, defect rates can be significantly reduced, with an estimated reduction of about 30-
50% compared to conventional casting methods without simulation.

From the simulation results obtained, one of the main causes of defects is high turbulence
in the flow of molten metal when poured into the mold. Excessive turbulence can cause air to
become trapped in the molten metal, which then leads to the formation of gas porosity after
solidification. To overcome this, an analysis of various gating system designs is carried out to find
the best configuration that can reduce the level of turbulence. The results show that the use of a
longer, tiered gating system, as well as a sloping pouring angle setting, can help lower the
turbulence rate and reduce the possibility of porosity defects.
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In addition to turbulence, the temperature of molten metal during pouring also plays a
crucial role in the formation of defects. Temperatures that are too high can lead to gas segregation,
where gaseous elements are trapped in metals that freeze slowly, increasing the risk of porosity
and heat cracking. Conversely, temperatures that are too low can lead to imperfections in the mold
filling, which leads to misruns or products that are not perfectly formed. Through Flow-3D Cast,
various simulations were carried out with variations in pouring temperatures, and it was found
that the optimal temperature range for pouring A356 was between 690-720°C. In this range,
solidification occurs in a more controlled manner, reducing the risk of segregation and increasing
the success of the mold filling.

Another strategy that has proven effective in reducing defects is the use of vacuum-
assisted pouring systems. This technology allows air trapped in the molten metal to be evacuated
during the pouring process, reducing the likelihood of gas porosity forming. Simulations show
that by applying this method, the porosity level in the final product can be reduced by up to 40%
compared to the usual pouring method.

In addition to porosity mitigation, another strategy implemented to reduce shrinkage
defects is the optimization of the solidification path. Flow-3D Cast allows for real-time
visualization of metal solidification, which helps in determining critical locations where
shrinkage is most likely to occur. With this information, changes in the design of the casting
system can be applied, such as the addition of riser or chill to control the direction of metal
freezing and prevent excessive shrinkage from forming.

The results of this analysis show that the use of Flow-3D Cast can not only predict the
potential location of defects, but also provide technical recommendations that can be applied to
reduce or even eliminate such defects before mass production is carried out. Thus, the use of this
simulation software has proven to be very beneficial in improving the quality of A356 casting
products and reducing the rate of production failure.

2. Production Efficiency

In terms of production efficiency, the use of Flow-3D Cast software in the simulation of
A356 alloy casting has a significant impact on increasing output and optimizing resources. One of
the main indicators in evaluating production efficiency is the yield casting ratio, which is the ratio
between the amount of metal that actually forms the final product compared to the total metal
poured into the mold. In the conventional casting process, many materials are not utilized
optimally because they are wasted in the form of sprues, risers, or parts that must be trimmed
after solidification. However, with the Flow-3D Cast-based simulation, the design of the casting
system can be modified to increase the effectiveness of material utilization, with the initial yield
of around 70% increasing to 85%. This increase means that more materials are used effectively
in shaping the final product, ultimately contributing to production cost savings.

In addition to increasing yield, efficiency is also seen in the reduction of production time.
In the simulations carried out, the design of the casting system that has been optimized through
this software shows that pouring and solidification times can be accelerated by up to 15-20%.
This is due to a more controlled distribution of metal flow, reducing the possibility of unnecessary
turbulence and accelerating freezing in parts that would otherwise have solidified earlier. This
efficiency in production time has a direct impact on the throughput of the foundry, allowing for
an increase in the number of products produced in a shorter period of time.

From an economic point of view, Flow-3D Cast simulation also helps in saving material
and energy costs. By reducing production waste due to design errors that were previously only
detected after the casting process has been realized, the software enables design improvements
before the material is actually used. In the long run, reducing wasted materials can lower raw

Journal of the American Institute| 150



_ Analysis of the Effectiveness of Flow 3D Cast Software in Optimizing the A356 Casting Process

material costs by up to 10-15%. In addition, the mold design improvements obtained from the
simulation help to improve the thermal efficiency in casting, where the cooling and solidification
systems can be set more optimally, reducing energy consumption by up to 5-10%. This energy
efficiency is mainly due to the fact that the casting process can take place at a more controlled
temperature and does not require repeated heating due to errors in the initial design.

The overall results obtained from this simulation show that the Flow-3D Cast software
provides enormous benefits in improving the production efficiency of the A356 foundry.
Increased yields, reduced production times, and savings in material and energy costs make this
simulation technology an invaluable tool in the modern foundry industry. Not only does it allow
for a reduction in waste, but it also increases the reliability of the production process resulting in
better quality and lower cost products.

3. Casting System Design Optimization

In the design optimization of the casting system, simulations using Flow-3D Cast provide
in-depth insight into how gating system configuration, metal flow velocity, and mold modification
can improve the casting quality of A356 alloys. One aspect that greatly affects the casting results
is the design of the gating system, which is the line used by molten metal to fill the mold cavity.
From the simulations carried out, it was found that the use of bottom gating was more effective
than top gating in reducing turbulence and segregation during the pouring process.

In a top gating system, molten metal is poured from the top of the mold, causing the flow
to fall freely and creating high turbulence. This turbulence not only increases the risk of air
entrainment leading to the formation of gas porosity, but also has the potential to cause material
segregation. In contrast, in a bottom gating system, the molten metal is flowed from the bottom
of the mold at a more controlled rate, allowing for a more laminar flow and reducing turbulence.
Simulations show that the use of bottom gating reduces the amount of gas inclusion and
segregation by up to 30% compared to conventional top gating designs.

In addition to gating systems, the influence of molten metal flow velocity is also an
important factor in the optimization of casting designs. The simulations conducted show that at
flow speeds that are too high, around 1.5 m/s, there is a significant increase in air entrainment
and turbulence, which leads to an increase in porosity defects. However, by controlling the flow
rate to a more moderate level, around 1.0 m/s, the metal flow becomes more stable and reduces
the chance of air being trapped in the molten metal. The lower velocity also helps in increasing
the homogeneity of the metal distribution in the mold, resulting in a more uniform product in its
structure and mechanical properties.

In addition, mold modification also plays a role in improving the quality of casting. One
modification that has proven effective is the use of baffles and filters in the casting system. The
baffle serves to direct the flow of molten metal to be more stable before it reaches the main mold
cavity, reducing unnecessary turbulence. Filters are used to capture non-metallic inclusions that
can reduce the quality of the final product. Simulations show that the use of ceramic filters in
gating systems can reduce the number of inclusions by up to 25%, which directly improves the
quality of the microstructure of the casting product. This is especially important in industries that
require high quality standards, such as the automotive and aerospace industries, where A356
alloys are often used.

Thus, the simulation results using Flow-3D Cast show that through the optimization of
the casting system design, from the selection of the right gating system, the control of the metal
flow speed, to the application of appropriate mold modifications, the quality of casting products
can be significantly improved. This simulation not only allows for improved product quality, but
also helps in reducing production defects, increasing casting yield, and ensuring better
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production efficiency. This makes Flow-3D Cast a very useful tool in the modern foundry industry
to optimize designs before real-world implementation, save on trial-and-error costs, and ensure
more consistent and high-quality results.

Simulation Accuracy Evaluation

In evaluating the accuracy of the simulations generated by Flow-3D Cast, the simulation
results are validated with real experimental data to assess the extent to which the software can
replicate the actual conditions in the casting of A356 alloys. This validation is especially important
because accurate simulations will allow for more effective optimization of the casting process before
mass production takes place, reducing trial-and-error on an industrial scale.

One of the validation methods used is the comparison of simulation results with X-ray-based
radiographic inspection and macrostructural analysis on cast specimens that have been produced. X-
ray inspection is used to detect internal defects such as porosity, shrinkage, and heat cracks that may
form during the solidification process. Meanwhile, macrostructural analysis is carried out by cutting
and observing the inside of the castings to evaluate the phase distribution of the metal as well as the
freezing patterns that occur. By using this method, the level of simulation accuracy in predicting
various types of defects can be measured more objectively.

1007 - -

95

90%

Simulation Accuracy (%)

Shrinkage Porositas Gas Retakan Panas
Type of Casting Defect

Figure 1. Accuracy of Flow-3D Cast Simulation in Predicting A356 Casting Defects

The results of the comparison between the simulation and the experiment show that Flow-
3D Cast has a fairly high level of accuracy in predicting shrinkage during solidification. Experimental
data showed that the main location of shrinkage formation detected by X-ray inspection was almost
completely in line with the simulation prediction, with a concordance rate of about 90%. This shows
that the algorithm used in the simulation has been able to represent the physical phenomena that
occur in the A356 casting with a high degree of accuracy.

In addition to shrinkage, the prediction of gas porosity also shows a fairly high level of
accuracy, ranging from 85% to 88%. In the simulation, the areas predicted to have gas porosity tend
to be in parts with slow cooling and low internal pressure, which is in line with the results found in
the experiment. However, there are still some small deviations where the porosity that appears in the
experimental results is not always visible in the simulation, especially in areas with complex
temperature gradients. This shows that although the simulation has been able to estimate the
porosity distribution quite well, there are still some factors that have not been fully accommodated
in the software mathematical model.
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In terms of prediction of heat cracks, the simulation accuracy rate is in the range of 80%.
Thermal cracking usually occurs as a result of thermal stresses that arise during the solidification
process, especially in areas that have high shrinkage and limitations in volumetric expansion. The
simulation successfully identified most of the potential areas for heat cracking, but there were still
some cases where cracks appeared in the experiment but were not detected in the simulation. The
main cause of this difference is likely to be the local cooling effect that occurs under real conditions
but is not fully represented in the simulation model. In addition, microstructural factors such as
dendritic growth and elemental segregation on a microscopic scale have also not been fully reflected
in the simulations, which may lead to some predictions becoming less accurate.

Although the overall simulation has a fairly high accuracy, there are several limitations that
need to be considered. One is the inability of simulations to accurately predict microstructure
variations due to different local cooling effects in each part of the mold. Under real conditions, the
cooling speed is not always uniform throughout the mold area, which can affect the formation of the
microstructure as well as the final mechanical characteristics of the casting product. Although Flow-
3D Cast is able to provide an overview of solidification patterns and defect distribution, further
studies are needed to improve the accuracy of simulations in accounting for more complex
microstructural factors.

From the results of this evaluation, it can be concluded that Flow-3D Cast has a fairly high
level of accuracy in predicting major casting defects such as shrinkage, gas porosity, and heat
cracking. With a shrinkage prediction accuracy of up to 90%, gas porosity of about 85-88%, and hot
cracking of about 80%, this software has proven to be an invaluable tool in the design and
optimization of the A356 casting process. However, although simulations have been able to replicate
most casting phenomena well, there are still limitations in modeling local cooling effects and
microstructure variations, which pose a challenge in improving the accuracy of predictions in the
future.

Identify Critical Parameters

The analysis of critical parameters in A356 casting using Flow-3D Cast identified key factors
that significantly impact casting quality: metal flow velocity, pouring temperature, gating system
design, and casting pressure. These parameters influence defect formation, solidification efficiency,
and structural integrity.

Flow velocity plays a crucial role in mold filling. Excessive velocity leads to turbulence and
gas porosity, while insufficient velocity causes misruns. The simulation determined an optimal range
that balances complete mold filling and minimizes turbulence. Pouring temperature affects fluidity
and defect formation. High temperatures increase gas absorption and oxidation risks, while low
temperatures lead to incomplete mold filling. Simulation results identified an ideal temperature
range that ensures proper filling while reducing porosity.

The gating system design controls metal distribution, influencing turbulence and
solidification. Optimized gating with controlled entry angles and multiple gates improved flow
behavior, reduced turbulence, and minimized defects. Casting pressure impacts porosity and density.
Higher pressure reduces gas entrapment but may cause segregation. Simulations identified an
optimal pressure range that enhances casting quality without introducing inconsistencies.

By optimizing these parameters through simulations, A356 casting can achieve higher quality,
reduced defects, and improved efficiency. The use of Flow-3D Cast enables precise process contro],
minimizing waste and enhancing production reliability.

Simulation-Based Optimization Strategy
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1. Gating system modification: Choosing a bottom gating design to reduce turbulence.

2. Optimization of pouring temperature: Keep in the range of 690-720°C to avoid gas porosity and
segregation.

3. Use of variable pressure: Regulates the pressure in the pouring stage to minimize shrinkage and
misrun.

4. Improved filtration system: Uses ceramic filters to reduce non-metallic inclusions.

CONCLUSION

The results show that the use of Flow-3D Cast in A356 casting optimization provides
significant benefits in improving casting quality, reducing production defects, and improving
manufacturing process efficiency. Simulation using Flow-3D Cast allows the identification of critical
locations within the mold that have the potential for shrinkage, gas porosity, and heat cracking,
allowing design improvements to be made before actual casting is performed. By optimizing the
gating, riser and pouring temperature systems, these simulations can improve the homogeneity of
the molten metal flow and temperature distribution in the mold, ultimately resulting in a product
with better mechanical properties.

In terms of production efficiency, the application of Flow-3D Cast simulation is able to reduce
production time by up to 20%, increase casting yield by up to 85%, and reduce operational costs and
energy consumption by 10-15%. In addition, this technology allows companies to reduce trial-and-
error in casting design, thereby increasing the competitiveness of the foundry industry on a global
scale. With the results that have been obtained, it can be concluded that Flow-3D Cast is an effective
tool in supporting innovation in the foundry industry, especially in improving the quality of A356-
based products.

As a suggestion, the foundry industry needs to further adopt CFD-based simulation
technology to reduce the risk of casting defects and improve production efficiency. In addition, further
research is needed on the integration between Flow-3D Cast and artificial intelligence (Al)
technology to improve the accuracy of casting defect prediction and develop automatic optimization
methods in casting simulations. Future studies may also focus on validating simulation results with
laboratory experiments to improve the reliability of simulation models under real production
conditions.
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