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ARTICLE TAKEAWAYS:

» Simulation is an excellent predictor of shop floor results

* Fine Tuning is a normal practice for each foundry

* Problem castings are useful for the tuning process

Simulation has proven to be a very useful tool for predicting
what is going to happen on the shop floor, before tooling is
made. Every foundry that uses simulation can benefit from fine
tuning their input data, based on actual results from their own

castings.

Figure 1. Slice through the left casting, showing
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Normally, this is a simple process,
using data from previous casting
failures. This article provides a
case study of how this process is
typically carried out.

Our example is a ductile iron rotor
casting made using a vertically
parted molding machine. This

was a real problem job for the
foundry, as you can see from
Figures 1 and 2, which show slices
through the left and right castings,
respectively.

In each casting you can see
massive shrinkage. This was
occurring in almost 40% of the
current production, so it was
critical to identify which simulation
inputs where important and what
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Figure 2. Slice through the right casting, showing
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Estimation of shrinkage and shrinkage time
from Analysis, Casung Modulus and Metal
Temperature

Example: 3,35 % C,2.5% Si + P

Casting Modulus: 2.0em
Casting temperature: 1300°C
Shrinkage: 1.6 %
Shrinkage time: 55.0%

Figure 3. The VDG Nomogram, used to predict solidification/shrinkage behavior in cast irons.

were the best settings to use for
that foundry, in order to accurately
predict solidification results, and
then use that information to solve
the problem.

Production records showed

that for chemistry there was a
variation of up to 0.3% in the
carbon equivalent and the pouring
temperature could change by as
much as 50°F. So, we have target
values, but on the shop floor we
have a range of inputs. Which data
best predicts the results we are
seeing?

For gray and ductile irons, we
can predict solidification and
shrinkage/expansion behavior
using the VDG Nomogram.
Figure 3 shows what that original
nomogram looks like.

Working with the nomogram
manually is a tedious business, but
we have incorporated the VDG
Nomogram electronically into the
SOLIDCast software, adding mold
dilation and metallurgical quality
so that the calculations are taken
care of automatically when you do
a simulation.

The initial simulation showed no
predicted problems. This was
done using the highest levels of

the chemistry and the lowest

level of the pouring temperature.
That clearly was not matching
what was going on in the foundry.
Using intermediate chemistry and
temperature data, that is, lowering
the carbon and silicon levels to
the middle of the range and the
middle of the expected range of
pouring temperature, we see that
defects are starting to occur in the
simulation, but they are not really
occurring in the area that we saw
on the sectioned castings.

If we go to the lowest level of
chemistry and the highest pouring
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Figure 4. Comparison of simulation results with shop floor results.

temperature, we see that we are
now predicting shrinkage areas
right down in the area that the
production casting was showing.
In fact, simulation now shows

a massive loss of density in the
middle, which literally would

be a hole just like we saw in

the castings. A comparison of
the results from the 3 sets of
simulations is shown in Figure 4.

So, by using the high end of the
Pouring Temperature and the low
end of the Chemistry Range, we

are best able to predict shop floor
problems. Knowing that there are
going to be variations, we normally
want to design the process for

the worst of those conditions.

So, for future simulations, what

the foundry is going to do is use
the lower end of the chemistry
spectrum in the higher end of the
pouring temperature spectrum,
because that produces the poorest
simulation results, then design the
gating and risering to attack those
worst-case scenarios.

Two-way communication between
the shop floor and the engineering
office improves simulation
accuracy and makes simulation a
more valuable tool for producing
quality castings.
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CFD Analy5|s and Shrlnkage Predlctlon

SOLIDCast is the ONLY system that INCLUDES both Gating and Riser Design
Wizards, so that simulation actually HELPS you to design an effective rigging
system, not just test one! Special calculations are included for rigging gray
and ductile iron castings, taking advantage of graphite expansion.

I"Ile SOLIDCast is the ONLY system that simultaneously calculates both thermal
and volumetric changes during solidification, producing the most accurate
shrinkage analysis available.

SUI“[IU"S SOLIDCast is the ONLY system that INCLUDES true casting process
optimization, using OPTICast™.
0 rp ora t e d SOLIDCast is the ONLY system that runs full simulations in minutes on

readily-available standard PCs. Multiple analyses can be run simultaneously
using off-the-shelf multi-core machines.
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