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The casting process has been used for more than 5,000 years to produce castings for varying applications.
Castings are becoming lighter, stronger and increasingly defect-free, but there remains room for improvement.
The higher demands for lower weights and higher quality challenges us to change how to design and produce
castings. Until now, casting simulation programs have more or less been used primarily by foundries and not
the companies designing the castings. This is rapidly changing. So, why is it complex to cast different kinds of
metals? Simply put: density changes when metals transform from a liquid to a solid.
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When a liquid melt goes transforms into a solid metal the volume decreases and the density increases.

Typically for steel, the volume reduction from liquid to solid state is 7 percent. This volume decreases the
dimensions and also creates 'holes’ in the casting where it solidifies in its final stages.
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Simulation-driven casting design

Taking a simulation-driven casting design approach will directly address density changes. To help accomplish
this, here are some basic rules that can be applied to make good castings:
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The basic design rules when designing a casting include hot spots, directional solidification, split points and
metal front angle detection.

By applying these rules, the casting can be more robust to endure the casting process, resulting in better
quality products.

Parameter and geometry optimization

To work more efficiently with casting design development using simulation and applying the earlier described
rules, one can use design of experiments (DOE), for example Taguchi Methods. In NovaFlow&Solid the Taguchi
methods are integrated with the simulation, allowing the user to set-up structured simulations and run a set of
different parameters, like different temperatures, or vary the geometry of the casting to see the differences
and select the best option.
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Optimization medule o X

Taguchi method Intsal parameters
Not to use Taguchi methad

% Taguchi L9/(3°4 - select 4 factors) N+ itial mould tempersture, 'C + "Feedng” pressure, Bar + Piston velocty in phase, m/s 1 & Piston velocty in phase, m/s 2
Taguehi L8 (2°7 - select 7 factors) 1 200.000 250,000 0.400 2500
Taguchi L13 (21 3"7 - select Efactors) 2 200000 300,000 0.500 3.000

3 200.000 350,000 0.600 3.500

intialparameters ® 1 & 2 & 3 A 4 220000 250,000 0.500 3500

Initial temperature 5 220000 300,000 0.600 2500

1 1 - initial car. 6 220000 350.000 0.400 3.000

¥ 2- .. 200000 220000 24000 | 24000 0000 0.600 3000

O3- 8 240,000 300,000 0.400 3.500

9 240.000 350.000 0.500 2500
Coatings
L] 4- Thickness

[ 5« Heat co...
Shrinkage calculation model

6 "Feedin.. 250.000 300.000 350.00
O 7- Gravity i...
[ 8-ClFup
[ 9- CLF down
[ 10 - CLFpres

Air gap
[ 11- Contac...
[ 12 - Air-ga..
[ 13- Upper
[ 14 - Lateral
L1 15 - Lower

Materials
[ 16 - Materi...

Filling parameters

Fl 17-Piston.. 0400 0500 0600
18- Piston... 2500 3.000 3.500

vl | |I| Cancel
The set-up menu for design of experiments and Taguchi methods and what can be set as parameters.

The evaluation can be manual by studying different graphs or tables:

Optimization results Diagram  Graph
- Filling time, 5

- Volume of fiquid phase, %

- Casting temperature at filling, "C
- Solidification time,

- Total shrinkage, %

- Metal volume/poured volume, %
- Volume shrinkage, %

- Maximum velocity, m/s 120
- Shrinkage intensity, %

B Filling time

Casting temperature at filling
B Soligification ime
B Metal volume/poured volume
B Volume shrinkage
B Maximum velocity
B Shrinkage intensity

Shrinkage intensity
Volume shrinkage

Soidification time
Opti Opti_2 Casting temperature ot fling
Filling tme

A snapshot of different result fields for different trials. In this way you can judge which one of the trials that is
best by simply studying the graph.

Or they are automatically evaluated based on:

e Shrinkage defects in the casting

e How much of the casting that is filled
e Maximum velocity during filling

e Maximum shrinkage intensity

By using these factors, the system itself can find the optimal parameter set or the best casting design.

This way of structured simulations, using the specific rules, shortens the design process and makes the
castings easier to produce and gives them greater potential to be higher quality. By Taguchi Trials one can find
the best combinations and ways to produce castings that go beyond the manual human approach.
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