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luminum Casting

Imulations

Closed-loop, automatic optimization makes fast
work of enhancing FLOW-3D CFD analyses.
BY ANTONI DRYS AND STEFANO MASCETTI

hen it comes to virtual model-
ing, most modern simulation
tools already operate at near

state-of-the-art. What often limits their
use is the uncertainty of a specific, em-
pirical tuning parameter that requires a
user to make a best guess. This, in turn,
introduces a new source of error—setting
up the question, how can you know your
choices are well suited to your application?
Although getting effective results from
computer simulations always depends on
the quality of the inputs, process simula-
tion applied to the world of metal casting
presents particular challenges. Nemak Po-
land in Bielsko-Biala, Poland, faces these
challenges daily as it manufactures alu-
minum-casting products such as cylinder
heads and engine blocks for the automo-
tive industry. The company uses FLOW-
3D computational fluid dynamics (CFD)
simulation software from Flow Science
to model its high-pressure die-casting
processes, and is continually working to
fine-tune the real-world values it uses for
simulation input parameters. Capturing
the variations across a complete thermal
mold (die) cycle significantly increases
the simulation’s accuracy, which in turn
yields more realistic temperature and heat
transfer properties to guide the choice of
equipment settings throughout filling and
solidification. (See Figure 1.)

Fine-tuning Process Settings

The different phases of a casting’s ther-
mal cycle involve complex physics, be-
cause the speed of the fluid is always

changing as it proceeds through each
section of the die. Conduction and con-
vection are both present (at comparable
magnitudes) in the molten metal, com-
plicating the determination of liquid-to-
metal heat transfer coefficients (HHTCs).
Moreover, it is no simple matter to sub-
divide the production cycle into well-
defined steps to come up with average
properties for these effects. Nemak pro-
cess engineers turned to Sigma Tech-
nology to help them zero in on the best
operating parameters for setting up their
equipment based on the 3D simulations.
FLOW-3D’s CFD software can
model the free-surface flows encoun-
tered while filling high-pressure dies,
generating results across the entire cast-
ing cycle. By tapping into Sigma Tech-
nology’s indirect optimization on the
basis of self-organization {OSO) optimi-
zation software, now directly integrated
with FLOW-3D, Nemak could evaluate
possible HT'C combinations and feed
them back for additional CFD calcula-
tions. This closed-loop strategy allowed
the engineers to automatically determine
new HTCs and manage repeated simula-
tions until the values of theoretical and
measured temperatures closely matched.
In addition, plans for future part runs
could use those same, more accurate
HTCs for any successive simulations and
new operating profiles (see Figure 2).

Characterizing the Die Process
HTCs are notoriously difficult to de-
termine with high precision. Typically,

FIGURE 1: Example of FLOW-3D
thermal die cycling simulation,
taking into account cooling channel
structure.
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FIGURE 2: HTC optimization loop,
performed with FLOW-3D simulation
software and 10SO optimization
software.

FIGURE 3: FLOW-3D simulation
software run showing high-pressure
die-casting temperature vs. time.
The regime temperature pattern per
cast becomes stable after the initial
casting cycles.
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engineers use coefficient values taken
from standard literature references,
based on general material properties
such as fluid velocities, viscosity, the
condition of the heating surfaces and
the magnitude of the thermal differen-
tial. Nemak started the improvement
project by focusing on the thermal
behavior of an actual, aluminum alloy
(A380) high-pressure die-cast engine
block (approximately 200x170x300mm)
throughout its production cycle in a die
made of tool steel (1.2343).

One full thermal cycle includes all
the steps for producing one cast part.
This cycle can be divided into homo-
geneous sub-steps that are performed
sequentially; the more sub-steps iden-
tified, the more accurate the corre-
sponding simulation results. For this
experiment, the thermal cycle was di-
vided into five different segments, each

Initial Optimized
solution parameters

FIGURE 4: Comparison between
initial and final FLOW-3D die-casting
simulation solutions and thermo-
camera values, after optimization

of HTCs with 10SO software from
Sigma Technology.

FIGURE 5: 10SO optimization run
minimizing an objective function
comparing casting temperature
values.

mirrored in the FLOW-3D software

model. These sub-steps comprised:

1. metal filling of the die via the shot hole;

2. part solidification and removal;

3. lubrication of the die with a water/
oil mixture;

4. blowing out the die cavity to remove
excess lubricant moisture; and

5. closing the sections of the die for the
next cast.

Starting with the die at room tem-
perature, three test parts were cast
and discarded—for the sole purpose
of allowing the molten metal to bring
the tool steel die to its nominal, near-
steady operating temperature, called
the regime temperature. From then on,

because each complete part-production -

cycle only took 95 seconds, the die
never had the chance to cool back to
room temperature (see Figure 3).

To capture actual temperature read-
ings, Nemak’s quality-control thermo-
cameras were positioned to take ther-
mal images of the die at different times
and different locations. Images were
observed over the course of a month,
and average values were used for com-
parison to the simulated values at the
end of each processing step.

Simulation with a Power Boost

A CAD model of the sample part was
loaded into FLOW-3D. Because cool-
ing channels play an active role in the
die-casting process, FLOW-3D’ ability
to model both the part and the function
of the channel structure helped produce
results with high fidelity to the real-world
Nemak system. For the actual analysis,
each of the five sub-steps was loaded with
the inputs of the average temperature of
the surrounding liquid, the duration in

' secondsand an initially chosen HTC.

A single FLOW-3D simulation con-
sists of running several cycles of the die
through all the sub-steps until the calcu-
lations converge to identify the regime
(base) temperature. The software auto-
matically brings the die in contact with
the different fluid medias (molten metal,
lubricant, air, etc.) for the prescribed du-

ration, simulating the thermal exchange.
Those values are then compared to
those recorded through the thermo-
camera. No fluid dynamics simulation is
involved at this stage, only a simple ther-
mal simulation, which is much faster.
Use of standard heat-transfer values
in the CFD simulation initially pro-
duced calculated temperature values
that differed by up to 50 Celsius de-
grees from the measured thermo-cam-
era values. In addition, the simulated
distribution pattern across the die did
not correlate well. Clearly, the imper-
fect input data demanded another level
of effort to generate more accurate re-
sults. The team brought in the IOSO
tool to rapidly refine the simulations
and zero in on optimized HT'Cs.
Optimization of complex physical pro-
cesses, such as those found in CFD analy-
ses, is historically a non-trivial problem.
IOSO software solves it by integrating
mathematical models, engineering pro-
totypes and exploration methods inside a
unified optimization environment based
on direct stochastic formulation. Taking a
statistical approach to evaluating response
surfaces at each iteration, the IOSO pro-
cess is particularly fast because it approxi-
mates the functions of many variables.
Integrated with the FLOW-3D user
interface, IOSO directs multiple simu-
lation runs. It needs only to specify the
variables to change, the output to ana-
lyze and the mathematical goal(s), called
the objective function(s). Nemak set up
five HT'C variables (one for each step of
the cycle), each with an upper and lower
constraint, plus a single objective func-
tion. IOSO called FLOW-3D automati-
cally, analyzing the results, proposing
new values for the HT'Cs and rerunning
the casting simulation again until reach-
ing satisfactory results (see Figure 4).

A Simulation Team Effort

As usually happens with optimization
runs, strong improvements were re-
corded immediately at the beginning of
the task. In this case, a 50% reduction of
the objective function was reached after
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only 27 calls. As convergence—a global minimum of the func-
tion—is approached, the run-to-run improvement tends to be
more moderate. Upon reaching a user-defined accuracy, the
software was stopped and the solution analyzed as a candidate
for the input producing the best simulation. In this case, al-
though 118 runs were conducted, run No. 49 was accepted as
the last run to produce an improvement (see Figure 5).

Compared to the original 50° discrepancy, the final
FLOW-3D casting simulation based on optimized HTC
values exhibited a better match to real-world temperatures.
Differences were typically only 2 to 4°C, with a maximum
deviation of 15°C at a single probe-point; overall tempera-
ture distribution was also greatly improved. Moreover, the
optimized HTCs were within a reasonable range for this par-
ticular material and process, adding to their usefulness. These
values could now be used as a good starting point for other
accurate filling and solidification simulations for 3D models
of other parts to be cast using the same machine and alloy.

A subsequent, more critical analysis showed that for some
optimal solutions, the newly calculated coefficients lie exactly
on the borders of the fixed constraints. This situation may imply
that some of the chosen constraints were too limiting, and that
even further improvements in the optimal HTC solution set
may be identified if the constraints are set more loosely.

Simulation: A Valuable Step

FLOW-3D performs simulations on real 3D geometry, and
takes into account possible heat transfer mechanisms—con-
duction, convection and, if desired, radiation. Yet, because it
employs efficient algorithms to mesh and solve complex fluid
simulations, each I0SO-directed, autonomous FLOW-3D
iteration took less than 30 minutes on a typical desktop com-
puter. Hence, this optimization job took 12 hours to reach
near-final (convergence) values without the need for high-
performance computing (HPC) machines.

Taken together with the potential improvement possible
with relaxed HT'C value constraints and further develop-
ments in the objective function, Nemak believes even stron-
ger correlations between casting process simulations and
real-world performance can be made. DE
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High Speed
Optimization

All-in-one multidisciplinary design

process with modeFRONTIER:

optimizing a F1 rear wing.
ciplinary approach

N is the key for a suc-

cessful design process. En-
gineers and designers are
able to simultaneously take
different disciplinary aspects into account to determine the
optimal solution. This perspective allows for exploitation of
interactions between multiple design aspects, while increas-
ing the problem complexity: that’s why a powerful platform is
needed to streamline the process into one single environment.

modeFRONTIER, the multiobjective and multidisciplinary
optimization platform, supplies full integration with any CAE/
CAD software and complete automation of the simulation pro-
cess leading — with a powerful post processing set of tools — to
the best possible design. Multidisciplinary design optimization
with modeFRONTIER can be applied to a wide spectrum of
industrial sectors, from aerospace to materials science, with the
automotive sector being the main field of application. The ben-
efits are evident if applied to structural and CFD research, as
explained in the multidisciplinary robust optimization of a F1
rear wing project by Javier Gutiérrez Diez (METCA) .

At high speed, aeroelastic reactions are to be considered by
analyzing the aerodynamic and structural effects at the same time,
therefore it is necessary to run the optimization process from
both disciplines’ viewpoints. By employing the advanced coupling
capabilities in modeFRONTTER, as well as the versatile control
and its statistical tools, this goal can be achieved easily.

The whole optimization cycle of the rear wing is controlled
and managed by the workflow generated in the modeFRON-
TIER environment by combining MEF and CFD calculation
from third-party software. modeFRONTIER shares the data re-
sulting from each iterative simulation as many times as necessary
to achieve the tolerance required by the designer. This achieves a
design that features better performances for the
whole speed range, not just for a single value.
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