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ProCAST OVERVIEW

Casting process simulation is now widely used throughout the industry for process
design, improved yield and better casting quality. However, cutting costs and reducing
time to market remain two of the most pressing issues in the foundry industry today. To
drastically reduce turn around times without any loss of accuracy and functionality,
parallel processing is available in ProCAST for most main product functionalities. But
this new 2006 release also brings additional new features in meshing, processing
capabilities and numerous improvements in product performance.

ProCAST is a modular software solution offering an extensive suite of modules and
engineering tools to meet the most challenging requirements. In order to address a wide
variety of casting processes and related issues, the software capabilities include
automatic mesh generation, thermal analysis with radiation effects, flow analysis for
mould filling, fully coupled thermal, flow and stress analysis, and advanced
metallurgical options.

Meshing & Tools

- Meshing
MeshCAST is a fully automatic 2-D
and 3-D Finite Element meshing
solution featuring CAD imports,
checking and repairing tools and
powerful mesh generators.

- Inverse modelling
An inverse option is available for
the determination of boundary
conditions and material properties
from measured temperatures.

Flow solver

The ProCAST flow solver carries
out the simulation of mould filling.
Air entrapments, misruns and cold
shuts as well as positioning of gates
and overflows can be accurately
analyzed.

The solver includes specific models
for turbulence, thixotropic or semi-
solid materials and lost foam
processes.

ProCAST OVERVIEW
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Thermal solver

The thermal solver allows the analysis of heat
flow and solidification taking into account
convection and radiation effects. The heat
release associated with phases changes,
solidification and solid phase transformations
is described by an enthalpy formulation.

Hot spots, macro and micro shrinkage, die
cooling and heating, riser positioning are some
of the issues that can be accurately addressed
by the thermal solver.

Stress solver

Fully coupled fluid, thermal and stress
analysis can be performed with the
stress solver. The solver includes
material models to account for rigid,
elastic, elasto-plastic and elasto-visco-
plastic behaviours.

Using the same FE model, die fatigue,
hot tearing, plastic deformations,
residual stresses and distortions can
therefore be predicted.

Advanced metallurgical options

Additionally, advanced metallurgical options
are also available for:

- Advanced porosity :
now integrated in the software package for
accurate predictions of inter-dendritic shrinkage
and gas porosities.

- Microstructure :
with deterministic models for the prediction of
phase composition and transformations.

- Grain structure :
with stochastic microstructure models, the
CAFE module, for the nucleation and growth of
grain structures.

ProCAST OVERVIEW
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THE ProCAST SOLUTION

ProCAST is organized around a software manager for file management, software
configuration and interactive access to the different modules :

- GEOMESH: the CAD import and pre-processing tool of MeshCAST,

- MeshCAST 2D and 3D : the meshing solutions of ProCAST,

- PreCAST : the pre-processor with standard and thermodynamic material databases,

- DataCAST / ProCAST : the solver modules,

- ViewCAST : the post-processor and data export unit, complemented by a specific
post-processor for advanced micro-porosity results and CAFE grain structures.

SOFTWARE MANAGER

The following figure illustrates the structure of the software. First, the geometry, in the
form of a CAD model is loaded into MeshCAST to generate a Finite Element mesh. The
calculation conditions and process definition can then be defined in PreCAST, the pre-
processor. PreCAST is linked to databases and in particular to the CompuTherm
databases for the automatic determination of material properties from the alloy
composition. Before the solver ProCAST is started, a data analyzer and translator named
DataCAST is executed. Access to other specific modules of the ProCAST solution is
also available for inverse modelling, CAFE and advanced porosity. Finally, calculation
results can be visualized in the different post-processors: ViewCAST and a specific post-
processor for advanced micro-porosity results and CAFE grain structures.
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THE ProCAST SOLUTION
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The manager can be used to easily create and manage study directories. The different
study files can be created, renamed or copied with automatic prefix changes through a
simple and straightforward icon based interface. Installation settings and software
configuration can be tailored to any particular needs. The software manager also allows
for a direct and interactive access to the different modules of ProCAST. The various
calculations can then be defined and launched automatically. Finally, information and
graphical status on running processes can be obtained.

THE ProCAST SOLUTION
Software Manager
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GEOMESH AND MESHCAST

GEOMESH CAD readers and topology analysis tools are available to ProCAST users to
facilitate the link between the CAD environment and meshing as required by ProCAST.
GEOMESH provides direct interfaces to most CAD formats including:

- IGES,

- STEP,

- VDA,

- Unisurf,

- ACIS,

- UNIGRAPHICS,
- AutoCAD,

- CATIA V4 and v5.

The quality of the CAD model can then be analyzed in GEOMESH and, if judged
acceptable, directly exported to MeshCAST, resulting in significant reductions of
modelling time.
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GEOMESH User Interface

Two Finite Element mesh generators, MeshCAST 2D and MeshCAST 3D are provided
with the ProCAST product to accommaodate various needs.

MeshCAST 3D includes numerous powerful and flexible features such as:

- Direct imports of CAD geometries in IGES, STEP, PARASOLID or STL formats,
- Interfaces to standard commercially available mesh generators,

- Triangular surface mesh and 3D tetrahedral volume mesh generators,

- CAD repairs and manipulation tools,

- Extensive model checking tools,

THE ProCAST SOLUTION
GEOMESH and MeshCAST
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Generation of coincident and non-coincident meshes,

Surface mesh assemblies and Boolean operations,

Automatic shell and layered shell mesh generation for investment casting
applications,

Boundary layer mesh for increased accuracy.

MeshCAST 2D is specifically dedicated to two dimensional Finite Element mesh
generation. This module is provided with a specific User Interface where the shape of
the geometry can be sketched using simple and straightforward icon driven construction
menus. Structured and unstructured meshing options are available and can be mixed to
automatically produce 2D or axisymmetric mesh types. The output of MeshCAST 2D
can then be loaded in PreCAST to continue with the model set-up.
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THE ProCAST SOLUTION
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NEW OR IMPROVED PRODUCT
FEATURES

This paragraph highlights some of the main new features and improvements of
ProCAST 2006.0. For a complete list of the new or improved product functionalities,
users are invited to consult the What’s New / Version 2006.0 section of the on-line
product documentation.

SOFTWARE MANAGER

The ProCAST 2006.0 software manager offers several features and tools to define the
calculation sequence, set installation and parallel run parameters, and monitor running
calculations.

The CAFE (Cellular Automata Finite Element) module is available in both post-
processing and weak/full coupling modes and allows to model grain structures based on
temperatures computed on the standard ProCAST Finite Element model. Direct access
to the CAFE pre and post-processing tools is now available from the software manager.

|07 x|

DataCAST ProCAST Advanced Porosity results  BEWE
CAFE results
ViewCAST
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Selection of post-processing tools for advanced porosity and CAFE results

If parallel processing is activated, the parallel run parameters can also be defined from
the software manager where the number of processors, the processor selection and
specific MPI options can be set and customized on both Linux and Windows platforms.
This option also includes now the possibility to start calculations in batch mode (only
for Linux).

NEW OR IMPROVED PRODUCT FEATURES
Software Manager
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MESHING

GEOMESH / MeshCAST interface

A new tool, GEOMESH , is introduced in this product release to allow a more efficient
and robust CAD link between the CAD environment and meshing as required by
ProCAST. GEOMESH can be used to import, visualize and control the quality of the
CAD geometry prior to meshing.

The geometry analysis tool of GEOMESH will transform the topology of the model
which can then, if the quality of the model is sufficient, be directly exported to
MeshCAST. After further automatic processing in MeshCAST, the new geometry gives
fewer problems (gaps, overlaps, missing entities) and results in significant savings in
terms of modelling time. Additionally, new edge check tools have been added in
MeshCAST to help identify remaining problems.

Various CAD interfaces are available in GEOMESH including:

- IGES,

- STEP,

- VDA,

- Unisurf,

- ACIS,

- UNIGRAPHICS,
- AutoCAD,

- CATIA v4 and v5.

ProCAST
o a7l
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Surface mesh obtained in one single step after GEOMESH pre-processing

Note that the GEOMESH tool is only available on Windows platforms.

NEW OR IMPROVED PRODUCT FEATURES
Meshing
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Surface mesh assembly and Boolean operations

Two new related options: surface mesh assembly and Boolean operations are available
in MeshCAST.

Surface mesh assembly allows non-coincident surface meshes to be merged into a
single model with a coincident mesh at the interface. To achieve this result, common
interfaces and boundaries are first identified. Depending on the quality and complexity
of the model, this operation may require manual user interaction. Based on the
definition of overlapping boundaries, a new surface mesh is generated at the interface
and smoothed to maintain optimal element quality. One typical benefit of this new
functionality is the possibility to quickly assemble chills onto a casting mesh.

Surface mesh assemblies: boundary detection, re-meshing and mesh smoothing

Boolean surface mesh operations go one step further and allow assembling two
interpenetrating meshes into one single model following essentially the same steps as in
mesh assemblies. This new option can be very useful to quickly assemble gating or
risers with a casting model. Another benefit is the possibility to create the mould from
the casting geometry as illustrated in the following example.
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One possible application of Boolean surface mesh operation

NEW OR IMPROVED PRODUCT FEATURES
Meshing
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Other MeshCAST improvements

The possibility to generate a layered shell mesh from a volume mesh has been re-
introduced in this version. This functionality allows for varying thicknesses to be
defined for different regions.

Automatic removal of small mesh fillets and improved robustness of the surface
meshing algorithms are some of the other improvements of the new MeshCAST. For
detailed information on the different MeshCAST features illustrated here, users are
invited to consult the on-line MeshCAST User Manual (What’s New / Version 2006.0
section).

NEW OR IMPROVED PRODUCT FEATURES

Meshing
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PRECAST

The possibility to define a time dependant flow rate is now available for the Inlet
boundary condition. New possibilities have been added to define the piston movement
in high pressure die casting using velocity versus position or position versus time
functions. Also, a pick node option has been added to interactively select a node and
obtain coordinates.

Plastic hardening for elasto-plastic or elasto-visco-platic materials can now directly be
defined with “digitized” stress/strain curves at various temperatures. While for visco-
plasticity, the Norton’s law and a new strain hardening creep model have been added to
complement the Perzyna model.

Material databases

Based on computed phase fractions and thermodynamic database from CompuTherm
LLC, the alloy density, enthalpy, thermal conductivity and liquid viscosity can be
predicted in ProCAST. This functionality was already available in ProCAST for
aluminium, iron, magnesium, nickel and titanium alloys to provide a complete set of
thermo-physical properties as required to model flow and thermal calculations.
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Thermodynamic material database user interface

New and improved thermodynamic databases from CompuTherm have been included in
this product release to provide more accurate results. A specific manual was also added
to describe the phases which are calculated, the limitations as well as the validations
which have been made for each alloy system.

Finally, to cover the need for accurate thermo-mechanical material data, ProCAST
2006.0 now provides Young’s modulus, Poisson’s ratio and thermal expansion property
predictions for all supported alloy systems.

NEW OR IMPROVED PRODUCT FEATURES
PreCAST
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Users are invited to consult the What’s New / Version 2006.0 section of the on-line
documentation for a complete list of new or improved PreCAST features.

NEW OR IMPROVED PRODUCT FEATURES

PreCAST



ProCAST 2006.0 15 RELEASE NOTES & INSTALLATION GUIDE
© 2006 ESI Group (released: May-06)

ProCAST SOLVER

The ProCAST 2006.0 solvers offer several new or improved options to complement the
existing processing capabilities. While parallel processing remains one of the main new
product developments, ProCAST 2006 also includes improvements in flow accuracy,
stress solver robustness and microstructure predictions.

Flow solvers

New run parameters have been added to obtain more accurate results in standard flow
calculations. As a consequence, default run parameters have been tuned to provide the
best possible compromise between accuracy and robustness. Specific and recommended
run parameters are now available per process type and are described in the on-line
product documentation. Note that, because of these new settings as well as other solver
improvements, results may differ when compared with previous product releases.

Two additional run parameters have also been added for the specific requirements of tilt
pouring and centrifugal casting.

Stress Solver

The stress solver has been parallelized and is now available in the ProCAST DMP
version. Taking advantage of this major new development, the standard stress solver has
also been significantly enhanced to provide better performances and accuracy.
Additionally, new models for visco-plasticity (Norton’s law and stain hardening creep)
as well a new option to define the hardening from “digitized” temperature dependant
curves have been added.

The new stress solver has undergone extensive testing to validate performances and
accuracy on a variety of applications including casting applications but also more
standard calculations.

NEW OR IMPROVED PRODUCT FEATURES
ProCAST Solver
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Porosity prediction and microstructures

The standard porosity model has been enhanced to account not only for shrinkage but
also for expansion during solidification as is typical for spheroidal graphite iron (SGI).
The expansion phenomena can be described by the density definition in the
solidification interval. Other external factors like the mould rigidity, which has a large
influence on the porosity level, can also be taken into account using a specific new
parameter.

While this new development represents a significant improvement, it has limitations
that are overcome by the use of the microstructure module. It is well known that the
microstructure, and therefore the expansion, depends on the local cooling rate. A more
comprehensive approach to porosity predictions of cast iron consists in running a
coupled thermal, microstructure and porosity calculation. The microstructure solver will
compute the evolution of different phases and predict local densities variations. Based
on the computed densities, porosity results will be updated.

NEW OR IMPROVED PRODUCT FEATURES
ProCAST Solver
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Scalability results of the new DMP stress
solver applied to an industrial thermo-
mechanical simulation. Results obtained on
a Linux 16 processors cluster with Gigabit
Ethernet interconnect
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The parallel version now includes the main software functionalities to simulate mould
filling, solidification including radiation and stress calculations. Other specific software
features such as microstructures, advanced solidification modules including micro-
porosity and CAFE modules are however not available for parallel processing.

Note that the ProCAST DMP version is not included on the installation CD-ROM but is
available through FTP downloads. Please consult with the local ESI Group support for

more information.

NEW OR IMPROVED PRODUCT FEATURES
ProCAST Solver
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Miscellaneous

The ProCAST 2006.0 solvers also offer numerous other improvements and corrections.

In particular:

It is now possible to indirectly take into account the intensification pressure in high
pressure die casting through a new parameter. This parameter defines the solid
fraction above which no more feeding is possible.

The heat transfer between the alloy and the moving piston head is now taken into
account.

Memory requirements, robustness and accuracy of the advanced porosity solver
have been significantly improved.

New User Functions have been added to define mass source location and varying
flow rates, domain translations, imposed velocities and solid transport velocities.
Please note that a C compiler is necessary to use User Functions (see the last page of
these Notes).

Handling of large files (above 2 GB).

Users are invited to consult the What’s New / Version 2006.0 section of the on-line
documentation for a complete list of improved and corrected solver options.

NEW OR IMPROVED PRODUCT FEATURES
ProCAST Solver
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VIEWCAST

The post-processor ViewCAST offers several new features and functionalities.

In particular:

New contours have been added to visualize total displacements for a stress
calculation. Displacements relative to a plane can also be plotted. Additionally, un-
deformed geometry in wireframe display mode can be superimposed on any
contour.

A new panel was created to define which stress results should be calculated for
visualization. This new option can also be used to update results when the
simulation is running.

An interactive node selection tool is available to graphically pick a node and obtain
information on number, coordinates as well as contour value. This new option can
also be applied on sections.

To help in the interpretation of results, Liquidus and Solidus temperatures are now
referenced on the temperature color scale as well as in the scale settings menu.
Additionally, user defined scale settings are now automatically saved for each field.

Up to 6 different views (model orientation and zoom) can be stored and retrieved for
one session to the other.

A new display option for the free surface was created to help in the visualization of
flow fronts and locate potential air entrapments.

Liquid pressures computed by the advanced porosity solver can now be visualized
in ViewCAST.

Users are invited to consult the What’s New Version 2006.0 section of the on-line
documentation for a complete list of improved and corrected solver options.

NEW OR IMPROVED PRODUCT FEATURES

ViewCAST
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ViewCAST post-processor with the new interactive pick up node selection tool.

NEW OR IMPROVED PRODUCT FEATURES
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