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Fig.1 Schematic diagram of casting numerical simulation system
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Table 1 Comparison between hexahedral mesh, tetrahedral mesh and hybrid mesh
Grid type Hexahedral grid Tetrahedral grid Hybrid grid
. Composed of six adjacent faces, with ) .
Geometric o ) Composed of a tetrahedral unit made =~ Composed of tetrahedral grids and hexahedral
a shape similar to a rectangular prism . . o o
shape up of four triangular faces grids, with higher flexibility
or a cube
Complex grid generation, requiring
Difficulty of consideration of how to connect tetrahedral

. ) Low generation difficulty
grid generation

Better numerical stability, especially

Complex grid generation

and hexahedral elements to maintain

continuity

Producing unstable elements possibly

Achieving a good balance in numerical

in some cases, requiring further

calculations

refinement

Requiring more elements to

Numerical . . .

) for issues such as fluid dynamics and
calculation .

heat conduction
. Better computing resource utilization,
Computational
. fewer unnecessary elements, and

efficiency

higher computing efficiency

approximate complex geometric

shapes, with lower computational

Depending on geometry complexity and

problem nature

efficiency
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Fig.3 Schematic diagram of the principle of slicing™
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Read the STL file of the casting and
carry out defect treatment
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Judge the conditions inside and outside
the vertices and the grid
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Fig.5 Flow chart of mesh generation method for casting simulation

based on boundary grid projection™
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Table 2 Termination conditions for octree mesh generation method

Termination condition

Description

Number of triangular
patches within the unit
Shared vertices of
triangular patches within
the unit

Normal vector angle of

When the number of triangular patches within a node is less than the set threshold (such as 5 to 10), stop the

recursion to avoid excessive refinement

When multiple triangular patches share the same vertex, stop the recursion to avoid infinite recursion

When the normal vector angle of triangular patches is small (cosine value 0.85 to 0.95), stop the recursion to avoid

triangular patches within

the unit

meaningless refinement
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Table 3 Comparison of three sweeping methods

Sweeping method One-on-one sweeping method

Many-to-one sweeping method

Many-to-many sweeping method

Decompose the original geometric

body into several swept bodies, and

Decompose the model into multiple one-to-

then map each source surface to a

Decompose the swept body into

one swept bodies, where multiple source

target surface to generate a one-to-one

multiple pairs of one-to-one

surfaces can be mapped to a single target

Principle relationship. Then, within each swept

swept bodies or one-to-one

surface to reduce complexity. Each one-to-

body, determine the positions of

swept bodies, and then generate

one sweep body adopts a method similar to

internal mesh nodes through the

the swept mesh

the one-to-one sweep method inside

projection method to generate

hexahedral meshes

Simple swept body with a single

Complex swept body with

Swept body with multiple source surfaces

Applicability source surface and a single target

surface
Lower computational complexity and

Efficiency
the most efficient

multiple source planes and

and a single target surface

multiple target planes

The most complex, requiring

Requiring more calculations compared with

more computing resources

the one-to-one sweeping method

and time
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Table 4 Comparison of mesh type of main casting simulation software

Grid type Software
Tetrahedral grid ANSYS Fluent, COMSOL Multiphysics, and ProCAST
Hexahedral grid ANSYS Fluent, COMSOL Multiphysics, Magmasoft, NOVACAST, FLOW-3D, EasyCast, Huazhu CAE, and FT-Star
Hybrid grid ANSYS Fluent, COMSOL Multiphysics, and ProCAST
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Research Progress on Pre-treatment Techniques of Casting Process Simulation Software

Cui Yuwei', Pan Yue'?, Duan Zhigiang', Liu Bin', Pei Xiaolong', Chen Liwen', Hou Hua'?, Zhao Yuhong"**
(1. MOE Jointly Collaborative Innovation Center for High-Performance Al/Mg Based Materials, Shanxi Key Laboratory of Intelligent Casting and
Advanced Forming for New Materials, School of Materials Science and Engineering, North University of China, Taiyuan 030051, China)
(2. Beijing Advanced Innovation Center for Materials Genome Engineering, University of Science and
Technology Beijing, Beijing 100083, China)
(3. School of Materials Science and Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China)
(4. Institute of Materials Intelligent Technology, Liaoning Academy of Materials, Shenyang 110004, China)

Abstract: The pre-processing module is a core component of casting numerical simulation software, directly influencing the accuracy and
efficiency of simulations. This paper presented a comprehensive review of pre-processing techniques in casting simulation, with a specific focus
on geometric modeling, parameter configuration, and the pivotal mesh generation techniques. The principles and evolutionary history of
hexahedral, tetrahedral, and hybrid meshing methods were elaborated. Furthermore, the strengths and limitations of various algorithms in handling
complex castings were analyzed. Finally, the paper identified key challenges currently facing pre-processing modules and outlined future
development trends.
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