
#25-104 
2025 AFS Proceedings ©American Foundry Society 

 
Revolutionizing Metal Casting: Mega  

Casting Innovations and Complete Process Simulation 
 

Swapnil Salokhe 
Sandesh Kharvi 

ESI-NA, Farmington Hills, Michigan, USA 
 

Loïc Calba 
ESI Group, Rungis, France 

 
Mathieu Moerckel 

ESI France, Bagneux, France 
 

Igor Perez Villalobos 
ESI Group, Vitoria-Gasteiz, Álava, Spain 

 
Copyright 2025 American Foundry Society 
 
ABSTRACT 
 
Mega casting presents significant challenges and 
opportunities in metalcasting. This paper examines how 
advanced process simulation technologies are crucial for 
overcoming these challenges and maximizing mega 
casting innovations. It begins with a co-design castability 
check, highlighting the importance of incorporating 
casting considerations early in design to tackle mega 
casting's unique hurdles. The paper discusses gate design 
optimization and how simulation tools manage large-scale 
gating complexities for better outcomes. It also addresses 
the integration of mega press capacity with process 
modeling for precise casting control, identifying and 
mitigating defects, and enhancing overall quality. 
Additionally, the paper explores strategies to predict and 
mitigate part deformation and prolong die life, 
emphasizing simulation's role in reducing development 
time and improving accuracy. Ultimately, this paper 
shows how process simulation technologies are 
transforming metalcasting, enabling unprecedented 
advancements in Mega casting while addressing its 
inherent challenges. 
 
Keywords: giga casting, mega casting, structural casting, 
production efficiency, ProCAST, process modeling 
 
 
INTRODUCTION 
 
The advent of Mega casting has revolutionized the 
metalcasting industry by enabling the production of 
extremely large and complex components in a single 
casting operation.  
 

This innovation presents unique challenges that demand 
advanced simulation technologies to ensure optimal 
outcomes. The ability to simulate and analyze various 
aspects of the casting process is crucial for addressing 
these challenges and harnessing the full potential of mega 
casting. 
 
 
FEM MESHING ADVANTAGES 
 
Finite Element Method (FEM) meshing is a cornerstone 
of advanced process simulation, providing numerous 
advantages in Mega casting. FEM allows for detailed 
modeling of complex geometries and the simulation of 
physical phenomena with high accuracy. This capability 
is essential for predicting the behavior of materials under 
various conditions and for optimizing the casting process 
to prevent defects and improve quality. 
 
 
THERMAL CYCLING 
 
Thermal cycling in Mega casting involves the repeated 
heating and cooling of the die and cast part, which can 
lead to die thermal fatigue and reduced die life. Advanced 
simulation technologies allow for the modeling of thermal 
cycles to predict their impact on the die and part. By 
understanding the thermal behavior as shown in Figure 1, 
engineers can develop strategies to minimize thermal 
stresses and extend the life of the die. 
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Figure 1. Thermal cycling and die temperatures are 
shown. 
 
 
DOSING AND REAL-TIME PISTON CONTROL 
 
Accurate dosing and real-time piston control are essential 
for maintaining the integrity of the casting process. 
Simulation tools enable the precise modeling of these 
parameters, ensuring that the correct amount of molten 
metal is injected into the mold and that the piston operates 
optimally throughout the process. This control minimizes 
the occurrence of defects such as porosity and ensures the 
consistent quality of the cast components. Figure 2 shows 
the start of dosing simulation. 
 

 
 
Figure 2. The start of the dosing simulation where the 
metal is filling the sleeve chamber. 
 
 
FLOW-RELATED DEFECTS 
 
Flow-related defects, such as air entrapment and 
turbulence, are common challenges in mega casting. 
Advanced simulation technologies can predict the flow 
behavior of molten metal within the mold represented in 
Figure 3, allowing engineers to optimize gate design and 
other parameters to minimize these defects. By simulating 
the flow dynamics, it is possible to achieve a more 

uniform filling of the mold and reduce the incidence of 
flow-related issues. 
 

 
 
Figure 3. The correlation of the flow-related defects 
with physical part are shown. (Artwork courtesy of 
Volvo Car Corporation.) 
 
 
COLD SHUT PREDICTION 
 
Cold shuts occur when two fronts of molten metal meet 
but do not fuse properly as shown in Figure 4, resulting in 
a weak joint. Simulation tools can predict the likelihood 
of cold shuts by modeling the temperature distribution 
and flow of the molten metal. This capability enables 
engineers to adjust the process parameters to ensure 
complete fusion and prevent the formation of cold shuts. 
 
 

 
Figure 4. The correlation of the critical velocity with 
the physical part is shown. (Artwork courtesy of Volvo 
car Corporation.) 
 
 
CRITICAL VELOCITY 
 
The critical velocity of molten metal during the casting 
process is a key factor in preventing defects such as 
erosion and incomplete filling. Advanced simulations can 
determine the optimal velocity for specific casting 
conditions, helping to avoid issues that arise from 
excessive or insufficient flow speeds. By maintaining the 
critical velocity, the quality and integrity of the cast 
components can be enhanced. 
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GAS BEHAVIOR 
 
The behavior of gases within the molten metal and mold 
cavity can significantly impact the quality of the cast part. 
Simulations can model the formation and movement of 
gas bubbles, allowing engineers to design venting systems 
and other measures to prevent gas-related defects. As 
shown in Figure 5, understanding gas behavior is crucial 
for achieving defect-free castings. 
 

 
 
Figure 5. Gas-related defects are shown with 
magnifications in two areas. 
 
 
SOLIDIFICATION AND SOLID FRACTION 
 
The solidification process and the distribution of the solid 
fraction within the cast part are critical for determining its 
final properties. As shown in Figures 6 and 7 simulation 
tools can predict the solidification pattern and identify 
areas prone to defects such as shrinkage porosity. By 
optimizing the solidification process, engineers can 
improve the mechanical properties and overall quality of 
the cast component. 
 

 
 
Figure 6. Simulation tools can predict the 
solidification pattern and identify porosity prone 
areas. 

 
 
Figure 7. Solidification of the part is shown. 
 
 
CONTACT PRESSURE AND STRESS  
BETWEEN THE DIE AND CAST PART 
 
The interaction between the die and the cast part involves 
significant contact pressure and stress as shown in Figure 
8 which can affect the quality and dimensional accuracy 
of the casting. Advanced simulations can model these 
interactions to predict potential issues and optimize the 
design of the die and process parameters. This ensures a 
better fit between the die and part, reducing the likelihood 
of defects and improving the dimensional control of the 
casting. 
 

 
 
Figure 8. Shows the contact pressure and stress 
between the die and the cast part. 
 
 
STRESS 
 
Residual stress in cast components can lead to 
deformation and failure during service. As shown in 
Figure 9, simulation tools can predict the development of 
residual stress during the casting process, allowing 
engineers to adjust process parameters to minimize these 
stresses. By controlling residual stress, the reliability and 
performance of the cast part can be enhanced. 
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Figure 9. Simulation tools can predict the 
development of residual stress. 
 
 
DIMENSIONAL CONTROL 
 
Achieving precise dimensional control in mega casting is 
challenging due to the scale and complexity of the 
components. Advanced simulations can model the entire 
casting process, from mold filling to solidification and 
cooling, to predict the final dimensions of the part.  
This capability enables engineers to make necessary 
adjustments to ensure the cast component meets the 
required specifications, a typical comparison is shown in 
Figure 10. 
 

 
 
Figure 10. The dimensional control and comparison 
with nominal part are shown. 

DPM SCALABILITY 
 
The Discrete Phase Model (DPM) is used to simulate the 
behavior of dispersed phases within the casting process, 
such as gas bubbles or solid particles. Ensuring scalability 
in DPM simulations is crucial for accurately modeling 
large-scale mega casting operations. Advanced simulation 
tools can handle the increased computational demands, 
providing detailed insights into the behavior of dispersed 
phases and their impact on the casting process. 
 
 
CONCLUSION 
 
The integration of advanced process simulation 
technologies is transforming the mega casting industry by 
addressing its unique challenges and unlocking new 
opportunities for innovation. From FEM meshing and 
castability checks to thermal cycling and real-time 
control, simulations play a pivotal role in optimizing 
every aspect of the casting process. By leveraging these 
technologies, the industry can achieve higher quality, 
reduced development time, and enhanced precision in 
mega casting operations. As the field continues to evolve, 
the adoption of simulation tools will be essential for 
driving further advancements and ensuring the success of 
mega casting initiatives. 
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