
Metal Casting: Processes, Challenges
and Simulation

Metal casting is a core
manufacturing process used
to make complex shapes out
of molten metal. It’s used in
industries ranging from
automotive and aerospace to
defense, energy, and
agriculture.

Casting is widely used because
it allows the creation of intricate
geometries that would be
difficult or impossible to
machine. It's especially suited
for producing large, heavy, or
complex components such as
engine blocks, turbine housings,
pump bodies, brake drums, and
industrial machinery parts.

Common casting methods
include sand casting,
investment casting, pressure die
casting, gravity casting, and
centrifugal casting. Each
method has its own advantages
depending on material,
quantity, precision, and surface
finish requirements. However,
casting is not without its
challenges.

Factors like mold design, gating
and riser systems, metal flow
behavior, cooling rates, and
solidification patterns all
influence the final quality of the
part. Defects such as shrinkage
porosity, cold shuts, hot tears,
and gas entrapment can occur
if these variables are not
carefully controlled. That’s why
understanding the physics of
casting and optimizing the
process is essential for ensuring
consistent quality and
minimizing waste. 

Casting simulation plays a
crucial role in accelerating the
overall product development
process by enabling engineers
to visualize, test, and refine
casting designs virtually before
any physical tooling is made.
Instead of relying on multiple
rounds of trial-and-error,
simulation allows teams to
predict how molten metal will
behave inside the mold, how it
fills, solidifies, and cools under
different conditions. As a result,
weeks of work can be done in
days, accelerating development.
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What Is ProCAST and Why It Matters?

Small mistakes can lead to large losses. Every defect in a casting whether it’s shrinkage, porosity, or
incomplete filling translates to wasted material, increased rework, and lost production time. ProCAST -
a casting simulation software by Keysight Technologies (Formerly ESI) helps address these challenges
by enabling engineers to simulate the entire casting process before actual production begins. 

By visualizing how molten metal flows and solidifies, users can optimize gating and riser designs,
reduce turbulence during mold filling, and ensure even cooling. This leads to better dimensional
accuracy, fewer defects, and higher casting yield. Additionally, ProCAST allows for testing multiple
design options quickly, without the cost and delay of building physical prototypes. It supports multi-
cavity simulations, advanced heat transfer models, and can even simulate mold behavior and cooling
channel effectiveness.

Using ProCAST, engineers can:

Design and optimize gating and riser systems
Perform multi-cavity simulations
Reduce mold filling turbulence
Tune cooling channel layouts
Simulate core gas generation and air escape

The ROI of Casting Simulation: Why It Pays Off Faster Than You Think

Many foundries see simulation software as an expense. But those who adopt it soon realize it’s an
investment one that delivers measurable returns by reducing costs, improving quality, and increasing
throughput.

So how does casting simulation actually deliver ROI? Let’s break it down.

In most conventional foundries, launching a new casting involves:

Making physical prototypes
Testing and inspecting for defects
Modifying tooling
Repeating the cycle

Each trial may cost thousands of rupees in metal, energy, labor, and lost time. Complex castings may
require 4 to 7 iterations before reaching production quality. And with market demands shifting rapidly,
this slow approach is no longer sustainable.
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How Casting Simulation Saves Money and Time

1) Reduces Trial Runs
Simulation helps achieve near-perfect first shots.
Cuts down design iterations by 50–70%.

2) Reduces Scrap and Rework
Typical casting scrap rates can range from 5% to 15%.
Simulation-driven process optimization can reduce this by 50–80%.

3) Shortens Time-to-Market
Simulated casting development is faster.
Critical for industries with short product lifecycles.

4) Improves Customer Satisfaction
Better quality = fewer rejections, returns, and warranty claims.

When you combine domain knowledge with predictive software, the result is better castings, faster
cycles, and higher profits. The ROI isn’t just in savings; it’s in being future-ready. According to data
from the North American Die Casting Association (NADCA):

Yield improvement: 10–25%
Scrap reduction: Up to 70%
Payback period: Typically, less than 6 months
Internal rate of return (IRR): Over 40% for most simulation investments

Additionally, simulation helps identify and correct issues like improper riser placement or gating
imbalances, which directly reduces scrap rates and rework. By improving casting yield and
minimizing downtime caused by design flaws, manufacturers save money across material usage,
labor hours, and tooling adjustments, all while accelerating time-to-market for new components.

Beyond cost savings, casting simulation also empowers better decision-making during the early
stages of product development. Engineers can evaluate multiple design alternatives, compare their
performance, and select the most efficient and defect-free option all within a virtual environment.

This flexibility leads to better casting designs that are optimized not just for manufacturability, but
also for downstream processes like machining and assembly. Moreover, simulation fosters cross-
functional collaboration between design, process, and quality teams, ensuring that potential
problems are addressed proactively rather than reactively.
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Case Study: Volkswagen Optimizes Aluminum Engine Block Casting with ProCAST

Volkswagen, one of the world’s largest automakers, produces millions of aluminum engine blocks
each year. These critical components must meet high standards for dimensional accuracy,
mechanical strength, and defect-free internal structure—especially in areas like the cylinder bores
and coolant jackets, where even minor porosity can lead to engine failure or warranty issues.
Volkswagen had been experiencing persistent shrinkage porosity and hot spots in specific zones of
the engine block during low-pressure die casting. Traditional process adjustments and physical trials
did not fully resolve the defects, leading to increased scrap rates and production delays.

Challenge:
High defect rate due to shrinkage porosity near critical structural zones
Increased production costs from excessive rework and scrap
Limited insight into mold filling dynamics and solidification behavior using traditional methods
Time-consuming physical trial-and-error cycle, affecting time-to-market for new engine variants

Solution:
Volkswagen engineers turned to ProCAST, a finite element-based casting simulation tool, to virtually
analyze and optimize the casting process.
Using ProCAST, they simulated:

Mold filling behavior, to detect air entrapment and turbulence
Solidification patterns, to identify hot spots and predict shrinkage porosity
Temperature gradients, to evaluate cooling channel efficiency
Riser and gating design, to enhance directional solidification

This case demonstrates how simulation using ProCAST transformed Volkswagen’s engine block
casting process from reactive to predictive. By understanding the physics of metal flow and
solidification upfront, engineers were able to achieve better quality, faster production cycles, and
substantial cost savings. The use of ProCAST not only improved casting performance but also
strengthened Volkswagen’s ability to innovate with new engine designs under tighter timelines.
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