
第 17 届亚洲铸造会议
THE 17THASIAN FOUNDRYCONGRESS

5 智慧工厂

Part 5: Smart Factory

- 895 -

Numerical Simulation of Extrusion Casting Based on SPH Method

Yuwei Cui1, Ruiqi Li1, Yue Pan3, Xiaofeng Niu4, Liwen Chen1, Yuhong Zhao1,2,5,*

1. School of Materials Science and Engineering, MOE jointly Collaborative Innovation Center for High-performance Al/Mg based

Materials, Shanxi Key Laboratory of Intelligent Casting and Advanced Forming for New Materials, 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. College of Materials Science and Engineering,Taiyuan University of Technology, Taiyuan, 030000, China ;

5. Institute of Materials Intelligent Technology, Liaoning Academy of Materials, Shenyang, 110004, China.

*Corresponding address: e-mail: zhaoyuhong@nuc.edu.cn

Copyright ©2025 17th Asian Foundry Congress, Foundry Institution of Chinese Mechanical Engineering Society

Abstract: The traditional grid-based casting numerical simulation method often experiences grid overlap, distortion and
entanglement when dealing with free surface problems and local deformation problems of fluids, thereby reducing the

accuracy of numerical simulation. For this purpose, this paper independently developed a simulation casting calculation

program based on Smooth particle fluid Dynamics (SPH), and conducted numerical simulation studies on the filling and

solidification processes of extrusion casting. The simulation results were compared and verified with the foreign casting

numerical simulation software ProCAST to provide assistance for the SPH method in simulating and predicting casting

filling and formulating actual production process parameters.
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1 Introduction
Squeeze casting [1,2] is a near-net-shape material forming

technology that combines the processes of forging and

casting. With its advantages such as high productivity,

high precision, and material savings, it has gained

significant popularity in the production of high-performance

metal structural components. Traditional casting technology

not only requires repeated trials but also consumes a

large amount of human and material resources, which has

hindered the progress of China's industrial modernization.

With the development of computers and related sciences,

the application of computer simulation technology in

casting forming has received increasing attention, and

numerical simulation technology [3-7] has also been

widely applied in the squeeze casting industry. Since the

1980s, the numerical simulation technology of squeeze

casting has been continuously evolving and has achieved

remarkable achievements both at home and abroad.

Traditional casting numerical simulation mainly relies on

the Finite Element Method [8,9], the Finite Difference

Method [10,11], and the Finite Volume Method [12-14] for

numerical calculations. For example, XU Ruo-zhen et

al.[15] conducted a numerical simulation analysis of the

squeeze casting process of an automobile subframe using

ProCAST software, providing a theoretical basis for

determining the squeeze casting process plan. LI et al.[16]

carried out a numerical simulation analysis of the

squeeze casting process of an automobile control arm

using Magma software. Through numerical simulation,

they accurately predicted the location of solidification

defects, providing strong support for optimizing the

casting process. BABAEE et al.[17] simulated the squeeze

casting process of Al/Al-4.5%Cu (mass fraction) bimetal

using ProCAST and Ansys software. The simulation

results showed that a relatively large stress appeared at

the interface of the bimetal. CheneyL et al.[18] established

a three-dimensional mathematical calculation model for

the rapid coupling of heat flow and pressure between the

squeeze-cast aluminum alloy part and the slurry through

numerical analysis, and carried out a three-dimensional
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numerical simulation using the finite volume method.

The numerical simulation results were consistent with the

experimental results, further verifying the reliability of

the model. The EasyCast casting simulation software

developed by North University of China[19] proposed a

grid meshing method for casting simulation based on

boundary grid projection. When applied to complex

castings with inclined surfaces and arc surfaces, this

method effectively avoids the loss of the inclination

information of the castings, thereby improving the

accuracy of subsequent casting numerical simulations.

Although traditional grid-based casting numerical

simulation methods have been widely used in the casting

process, grid overlapping, distortion, and entanglement

often occur when dealing with free surface fluid

problems and local deformation problems of fluids,

which in turn reduces the accuracy of numerical

simulations. To overcome the disadvantages and

limitations of the grid method, the meshless method

came into being. The Smoothed Particle Hydrodynamics

(SPH) method [20-22] is one of the most widely used and

rapidly developing meshless methods. It describes a

continuous medium using a group of interacting particles,

with various physical quantities carried by each particle.

By solving the dynamic equations of the particle group

and tracking the motion trajectory of each particle, the

mechanical behavior of the entire system can be obtained.

The SPH method was first proposed by LUCY [23] and

GINGOLD et al. [24] in 1977 to solve astrophysical

problems in three-dimensional open space. Cleary et al. [25-27]

used the SPH method to numerically simulate the

high-pressure and low-pressure casting processes, and

the results were in good agreement with the experiments

in the casting verification studies. Ha et al.[28] also

demonstrated that the SPH method can predict the filling

process in gravity casting, proving its application

potential in gravity casting. Colagrossia et al.[29] studied

the application of the SPH method in dealing with

gas-liquid two-phase flow problems, and calculated the

problems of bubble rising in liquid and the gas-liquid

two-phase flow during the dam break process. JIA Jinbo

et al. [30] used the SPH method to predict the cold shut

defects of castings; SHEN Mengqing et al.[31] carried out

a numerical simulation study of the selective laser

melting process of 316L stainless steel powder using the

SPH method. The SPH method has properties such as

meshlessness, self-adaptability, stability, and Lagrangian

characteristics, and it has received increasing attention,

providing a new approach and method for casting

numerical simulation technology.

Based on the above, this paper independently

developed a calculation program for simulating the

casting process based on the SPH method, and conducted

a numerical simulation study on the filling process of

squeeze casting. The simulation results were compared

and verified with the foreign casting numerical

simulation software ProCAST, aiming to provide

assistance for the SPH method in simulating and

predicting the filling of castings and formulating actual

production process parameters.

2 Establishment of the SPH Flow Field Model

2.1 Basic Equations of the SPH Method
In the SPH method, first, continuous physical quantities

are approximately transformed into integral expressions

through kernel functions to achieve the calculation of

weighted averages of field variables and their gradients

in space. Then, the particle approximation method is

adopted to discretize the continuous integral expression,

and then the numerical calculation of the field variable is

achieved through the discrete summation of adjacent

particles Suppose ݂ ݔ is a continuous and smooth

function defined on the region Ω , and its function value
at any point can be expressed by the SPH method as:݂ ݔ = Ω ݂ 'ݔ ߜ ݔ − 'ݔ dݔ'න # 1
where ߜ ݔ − 'ݔ is the Dirac function, and ݔ is the

position vector in space. The Dirac function has specific

mathematical properties, and its definition is:ߜ ࢞ − ࢞' = 1, ࢞ = ࢞'0, ࢞ ≠ ࢞' # 2
In practical calculations, it is difficult to represent the

Dirac function accurately. Therefore, a smooth kernel

function ܹ(࢞ − ࢞', h) is often used to replace the Dirac
function to improve the calculation stability:݂ ݔ ≈ ݂ߗ 'ݔ ܹ ࢞ − ࢞', ℎ ݀࢞'න # 3
where the value of the smooth kernel function ܹ(࢞ −࢞', h) depends on the smoothing length ℎ and the distance࢞ − ࢞' between particles. To ensure the accuracy of

numerical calculations, the kernel function must satisfy

four conditions: normalization, compact support, even

function property, and consistency with the Dirac

function.

In the above formula, ߢ is a proportionality factor,

and ℎߢ determines the size of the influence domain of
the local smooth function.
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Through the kernel approximation method, equation (3)

can be rewritten as:݂ ࢞ = Ω݂ ࢞' ܹ ࢞ − ࢞', ℎ ݀࢞'න # 4
Replace ݂(࢞) with the spatial derivative સ ⋅ ݂(࢞) to

obtain the following description:સ ⋅ ݂ ࢞ = Ω સ ⋅ ݂ ࢞'න ܹ ࢞ − ࢞', ℎ ݀࢞'# 5
After adjusting the coordinate system according to the

above equation, the following form is obtained:સ ⋅ ݂ ࢞ = Ω∇ ⋅ ݂ ࢞' ܹ ࢞ − ࢞', ℎ ݀࢞'න −
Ω݂ ࢞' ⋅ ∇ܹ ࢞ − ࢞', ℎ ݀࢞'න # 6

When applying the divergence theorem to the first term

on the right - hand side of the above equation, the

following formula can be derived:ࢺ ⋅ ݂ ࢞ = ܵ ݂ ࢞' ܹ ࢞ − ࢞', ℎ ⋅ →݊݀ܵන −
݂ߗ 'ݔ ⋅ ܹࢺ ࢞ − ࢞', ℎ ݀࢞'න # 10

where
→݊
is the unit normal vector of the surface region ܵ.

After simplification, it can be expressed by (7):સ ⋅ ݂ ࢞ =− Ω݂ ࢞' ⋅ ∇ܹ ࢞ − ࢞', ℎ ݀࢞'න # 7
A crucial issue in the SPH method is how to select an

appropriate smooth kernel function to ensure accurate

approximation of arbitrarily distributed discrete points.

The choice of the smooth function not only determines

the size of the particle region but also affects the

accuracy and consistency of the kernel approximation.

Common smooth kernel functions include the cubic

spline smooth function [32,33], Gaussian function[34], bell -

shaped function[35], and quartic function[36], etc. In this

paper, the cubic spline smooth function is adopted, which

has good smoothness and stability between continuous

points. Its definition is as follows:

ܹ ܴ, ℎ = ݀ߙ
23 − ܴ2 + 12ܴ3, 0 ≤ R ≤ 1;16 (2 − ܴ)3, 1 < R < 2;0, R ≥ 2。 # 8

When the dimension is one - dimensional, ݀ߙ = 1h; when
the dimension is two - dimensional, ݀ߙ = ;h2ߨ57 when the

dimension is three - dimensional, ݀ߙ = h3ߨ32 . Here, the
relative distance ܴ is calculated by the formula ܴ =

rh
=

h|'ݔ−ݔ| , where r represents the actual distance between
two particles, and ℎ is the smoothing length.
The particle approximation method discretizes the field of

the continuousmedium into particles with physical properties,

and then combines these particles through approximate

calculations to construct the numerical solution of the support

domain. Figure 2 shows the core idea of the particle

approximation method, where the center of particle ݅ and its
radius ℎߢ form the support region of the kernel function ܹ
in the domainΩ.

Fig. 1 A sketch of the core idea of the particle approximation

method

Suppose the volume Δܸ݆ of particle ݆ can be

regarded as an approximation of the infinitesimal

difference of the integral dx, and the mass ݆݉ of particle݆ can be expressed as:݆݉ = #Δܸ݆݆ߩ 9
where ݆ߩ is the density of particle ݆ ( ݆ =1，2，3，……，ܰ ), and ܰ represents the total

number of particles in the support domain.

Discretize the SPH integral formula in equation (10) to

obtain the discrete form of the particle approximation:݂ ࢞ ≈ ݆=1
ܰ ݂ ݆࢞ W ࢞ − ࢞', ℎ෍ Δܸ݆

= ݆=1
ܰ ݂ ݆࢞ W ࢞ − ࢞', ℎ෍ ݆ߩ݆݉ # 11

Therefore, the final field function at particle ݅ can be
approximately written as:
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݂ ࢞݅ = ݆=1
ܰ ݆ߩ݆݉ ݂ ݆࢞ ܹ݆݅෎ # 12

where ܹ݆݅ is the kernel function between particle ݅ and
particle ݆: ܹ݆݅ = ܹ ࢞݅ − ݆࢞, ℎ # 13
The formula for calculating the spatial derivative of the

function using the particle approximation method is as

follows:

∇ ⋅ ݂ ݆࢞ =− ݆=1
ܰ ݆ߩ݆݉ ݂ ݆࢞ ⋅ ∇ܹ ࢞݅ − ݆࢞, ℎ෎ # 14

The gradient of the kernel function ∇ܹ݆݅ can be

calculated by the following formula:∇ܹ݆݅ ࢞݅ − ݆࢞, ℎ = ݅ݔ − ݆݅ݎ݆࢞ ݆݅ݎ∂݆ܹ݅∂ # 15
where ݆݅ݎ is the distance between particle ݅ and particle ݆.
Continuously applying formula (14) can calculate the

derivative of the field function, and through further

processing, more accurate calculation results can be

obtained. Through integration by parts, the following

expressions are obtained:∇ ⋅ ݂ ࢞ = ߩ1 ∇ ⋅ ݂ ࢞ ߩ − ݂ ࢞ ⋅ ߩ∇ # 16
or ∇ ⋅ ݂ ࢞ = ߩ ∇ ⋅ ݂ ߩ࢞ + ݂ 2ߩ࢞ ⋅ ߩ∇ # 17
Apply formula (14) to formulas (16) and (17), and the

approximate derivative of the field function at the

position of particle ݅ can be obtained as:
∇ ⋅ ݂ ࢞݅ = ݅ߩ1 ݆=1ܰ ݆݉ ݂ ݆࢞ − ݂ ࢞݅ ⋅ ෍݆ܹ݅݅ߘ # 18
∇ ⋅ ݂ ࢞݅ = ݅ߩ ݆=1

ܰ ݆݉ ݂ 2݆ߩ݆࢞ + ݂ 2݅෎ߩ݅࢞ ⋅ ∇ܹ݆݅݅# 19
2.2 Navier-Stokes Equations Based on the SPHMethod
The basic governing equations of fluid mechanics are

derived from three fundamental physical conservation

laws: mass conservation, momentum conservation, and

energy conservation. This series of equations is known as

the Navier-Stokes equations [37,38], and the Lagrangian

form of the expressions is as follows:

For the mass conservation equation, the expression of

the mass conservation equation is:

ݐ݀ߩ݀ =− ∇ߩ ⋅ #ݒ 20
࢚ࢊࢊ is the material derivative, ߩ represents the density,

and ∇ ⋅ ݒ is the velocity divergence.
In the process of solving the mass conservation

equation using SPH, the above - mentioned smooth

kernel function approximation and particle approximation

methods are required to discretize and solve the equation.

For the mass conservation equation, first, the continuous

density method is used to sum all particles, and then the

SPH approximation is performed. Thus, the SPH

expression of the mass conservation equation is obtained

as: ݐ݀݅ߩ݀ = ݆=1
ܰ ݆݅ݒ݆݉ ⋅ ∇ܹ݆݅݅෍ # 21

where the expression of the continuous density method is:

݅ߩ = ݆=1
ܰ ݆ܹ݆݉݅෍ # 22

In the formula, ܰ represents the number of

neighboring particles of the central particle ݅ , ݆݉
represents the mass of particle ݆, ܹ݆݅ represents the

smooth function effect of particle ݆ on the central

particle ݅ , and the relative velocity ݆݅ݒ = ݅ݒ − .݆ݒ
For the momentum conservation equation, without

considering the influence of surface tension and heat

conduction on the equation, the standard form of the

momentum equation is:݀ݐ݀ݒ =− ݌∇ߩ1 + ݒ2∇ߩߟ + #ܨ 23
where − ߩ1 ݌∇ is the pressure gradient term, ߩ is the

density, ݌ is the hydrostatic pressure,
ߩߟ ݒ2∇ is the

viscous term, ߟ is the kinematic viscosity coefficient, ݒ
represents the velocity of the fluid, and the third term ܨ
is the external force term, which is the sum of gravity,

punch pressure, and surface tension.

In the SPH method, the discretization treatment of the

momentum equation is as follows. First, the pressure

gradient term is discretized as:

− ݌∇ߩ1 =− ݆=1
ܰ ݆݉ 2݅ߩ݅݌ + 2݆෍ߩ݆݌ ∇ܹ݆݅݅# 24

Secondly, the discretization expression of the viscous

term is:
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ݒ2∇ߩߟ = ݆=1
ܰ ݆݉ ݅ߟ + ෍݆ߩ݅ߩ݅ߟ ݆݅ݒ ݆݅ݎ1 ݆݅ݎ߲݆ܹ߲݅ # 25

where ݆݅ݎ is the distance between particle i and particle j.
Finally, the discretized form of the momentum

conservation equation can be written as:݀ݐ݀݅ݒ =− ݆=1
ܰ ݆݉ 2݅ߩ݅݌ + 2݆෍ߩ݆݌ ∇ܹ݆݅݅ +

݆=1
ܰ ݆݉ ݅ߟ + ෍݆ߩ݅ߩ݅ߟ ݆݅ݒ ݆݅ݎ1 ݆݅ݎ߲݆ܹ߲݅ + #ܨ 26

According to the law of energy conservation, the basic

form of the energy equation is:d݁݀ݐ = ∇ߩߪ ⋅ ࢜# 27
where ݁ is the fluid energy and ߪ is the total stress

tensor. The discretized form of the energy equation under

the SPH method is:d݁݅݀ݐ = 12 ݆=1
ܰ ݆݉ P݅ + P݆݆ߩ݅ߩ෎ ݆࢜݅ ∂W݆݅∂݆݅ݎ # 28

where P is the pressure, ݆࢜݅ is the relative velocity, W݆݅
is the value of the smooth kernel function, and

∂W݆݅∂݆݅ݎ is

the derivative of the kernel function with respect to the

particle spacing. In summary, the SPH method can

discretize the mass, momentum, and energy conservation

equations in the Navier-Stokes equations respectively,

and simulate the dynamic behavior of the fluid by

solving the discretized equations. This method has good

numerical stability and accuracy and is widely used in

the simulation of complex fluid systems.

2.3 SPH Correction Methods
When using the SPH method for calculations, in order to

solve problems such as particle penetration and oscillation

that may occur between particles, an artificial viscosity

correction is introduced [39], and its expression is:

Π݆݅ = − Π݆ܿ݅തതതߙ ߶݆݅ + ത݆݅ߩΠ߶݅2݆ߚ തത ݆݅ݒ ∙ ݆݅ݔ < 00 ݆݅ݒ ∙ ݆݅ݔ ≥ 0# 29
where: ߶݆݅ = ℎ݆݆݅݅ݔ݆݅ݔ•݆݅ߥ 2 + ߮2 # 30

݆ܿ݅ = 12 ܿ݅ + ݆ܿ # 31

݆݅ߩ = 12 ݅ߩ + ݆ߩ # 32
ℎ݆݅ = 12 ℎ݅ + ℎ݆ # 33

In the formulas, ܽΠ and Πߚ are standard parameters

that control the intensity of the artificial viscosity. To

prevent divergence in numerical calculations, it is usually

set that ߶ = 0.1h݆݅ ; ܿ is the particle sound speed, ݒ is

the particle velocity vector, and ݔ is the particle

displacement vector.

When the SPH method is used for second - order

solutions, problems such as tensile instability and low -

accuracy results may occur. Therefore, an artificial stress

correction method is proposed: when particles approach

each other, when the distance between particles is less

than a certain minimum distance, a small repulsive force

in the opposite direction is applied to this pair of particles

to prevent the particles from getting too close and

aggregating. By introducing an artificial stress correction

term [40], the stability of the momentum equation can be

improved, and the expression of the corrected momentum

equation is:݀ݐ݀݅ݒ =− ݆=1
ܰ ݆݉ ݅݌ + ݅ߩ݆݌ ⋅ ݆ߩ + Π݆݅ + ෍݆݂݊݅ߚߙ݆ܴ݅ ∇ܹ݆݅݅

+ ݆=1
ܰ ݆݉ ݅ߟ + ෍݆ߩ݅ߩ݅ߟ ݆݅ݒ ݆݅ݎ1 ݆݅ݎ߲݆ܹ߲݅ + ܨ (34)

where ݅݌ , ݆݌ are the pressures of the corresponding

particles; ݂݆݅݊ is the correction factor of the kernel

function: ݂݆݅݊ = ܹ ܹ݆݅ݎ Δ݌ # 35
where Δ݌ is the initial particle spacing; ܴ݆݅ is the mean
value of two particles:ܴ݆݅ߚߙ = 12 ܴiߚߙ + ߚߙ݆ܴ # 36

ߚߙܴ݅ = − ݏߝ 2݅ߩߚߙ݅ߪ , ߚߙ݅ߪ > 00, ߚߙ݅ߪ < 0 # 37
ߚߙܴ݅ = ݏߝ 2݅ߩ݅ܲ , ܲ݅ < 00, ܲ݅ > 0 # 38

where the value of ݏߝ is 0.3, which is used to adjust the
influence range of the stress, and the value of ݊ is 0.3.
The artificial compression method is a simulation

method commonly used to deal with incompressible

fluids. To further improve the accuracy of the calculation
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results, we can handle the compressibility problem of

free - surface fluids by using equations of

state such as the water equation of state. Its equation of

state is as follows:ܲ = ܲ0 0ߩߩ ߛ − 1 # 39
where 0ߩ is the density value in the initial state; ߛ is a
constant, usually taken as 7 to adjust the compressibility

of the fluid; ܲ0 is the reference pressure, which needs to
be appropriately selected according to the problem in

actual calculations. Its calculation method is ܲ0 = ߛ0ߩ02ܿ ,
where ܿ0 is the acoustic wave velocity related to the

density. Under the approximation condition of weak

compressibility, the acoustic wave velocity ܿ0 of the

fluid can reach ten times or more of the fluid velocity.

Therefore, it is calculated as ܲ0 = ߛݔܽ݉ݑ0ߩ10 .

During the squeeze casting process, when the flowing

hot fluid contacts the casting mold wall, local

overheating may occur, affecting the accuracy of the

simulation results. To solve this problem, an artificial

heat correction method is adopted to better simulate the

heat - exchange process when the hot fluid contacts the

wall. Its expression is:

݅ܪ = 2 ݆=1
ܰ  ෍ ത݆݅ߩത݆݅ݍ ݁݅ − 2|݆݅ݔ|݆݁ + ߶2 ݆݅ݔ ⋅ ∇ܹ݆݅݅# 40

where the expressions of the heat terms ݅ݍ and ݆ݍ are:݅ݍ = ݅ܿ݅݌Πℎ݅ߙ ∇ ∙ ݅ݒ + ݅ܿ݅݌Πℎ2݅ߚ ∇ ∙ ݅ݒ 2# 41
݆ݍ = ݆݆ܿ݌Πℎ݆ߙ ∇ ∙ ݆ݒ + ݆݆ܿ݌Πℎ2݆ߚ ∇ ∙ ݆ݒ 2# ത݆݅ݍ42 = ݅ݍ + #݆ݍ 43

3 Case verification and Comparative Analysis of
SPH Algorithm
In this paper, the above-mentioned SPH algorithm is

used to simulate the squeeze casting of the ZM5

magnesium alloy partition plate for the mine casing (as

shown in Figure 2), and the simulation results are

compared and analyzed with the simulation results of

ProCast. The overall height of this casting is 70 mm, the

diameter is 281 mm, the hollow part in the middle is 73

mm, the diameter of the small cylinder at the wall surface

is 24 mm, and the length, width and height of the

rectangular block at the wall surface are 50 mm, 21.4 mm

and 13 mm respectively. The simulation size is the same

as the actual size. The material of the casting partition

plate part is selected as ZM5 magnesium alloy. This alloy

has a simple composition, excellent casting properties

and good fluidity. Its solidus temperature is 421 °C and

its liquidus temperature is 602 °C. The mold material for

the ZM5 magnesium alloy partition plate part is selected

as the conventional mold steel H13.

Fig.2: CAD drawing of castings

(a)Convex surface (b)Concave surface

Firstly, an SPH-based squeeze casting mold model is

established (as shown in Figure 3). This mold model is

composed of the mold, the punch, the molten metal, and

the cavity. The materials of the mold and the punch are

H13 steel. The mold and the punch are uniformly defined

as boundary particles, that is, virtual particles, with a

total number of 465,816 particles; the number of ZM5

magnesium alloy molten metal particles is 59,840. The

particle spacing is 1.0 mm, and the smoothing length h is

1.5 times the particle spacing, that is, 1.5 mm, and the

heat transfer coefficient is set to 2000 W/(m²·K).

Fig.3: Schematic Diagram of the Squeeze Casting Mold Model

The initial temperature of the molten metal is 720 °C,

the initial temperature of the mold is 200 °C, the speed of

the punch is set to 0.025 m/s, the moving distance of the

punch is 0.7 m, and the mold-filling time is 4.0 s. The

mold-filling process is as follows: First, the molten metal

is slowly poured into the mold. After the molten metal is

poured, the mold is closed. Then, the punch pushes

upward to push the molten metal into the cavity, and the

mold-filling is completed. A self-programmed SPH-based
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three-dimensional program is used to perform a

numerical simulation of the ZM5 magnesium alloy

partition plate part.During the mold-filling process, the

molten metal is pushed upward from the bottom by the

punch. When the time is 0.8 s, the molten metal has

evenly covered the cylinder and the rectangular

parallelepiped on the wall surface, and the viscous liquid

can be seen at the edge. Although the shape of the liquid

is irregular, it flows smoothly, and the flow direction

gradually spreads around. When the time is 1.6 s, the

wall surface of the ZM5 magnesium alloy partition plate

part has been filled, and the edge part of the ZM5

magnesium alloy partition plate part is about to be filled.

At this time, the flow pattern of the molten metal still

conforms to the flow law of the molten metal during

mold-filling. When the time is 4.0 s, the mold-filling of

the ZM5 magnesium alloy partition plate part is

completed, as shown in Figure 4(a), (b), (c).

The partition plate part and its gating system are

imported into the ProCast software, and then the meshing

is carried out. The material parameter settings are

consistent with those of the SPH simulation method.

After the material parameter settings are completed, the

outer surface boundary conditions, interface boundary

conditions and interface heat transfer coefficient are set.

When t = 0.8s, t = 1.6s, and t = 4.0s, the molten metal

flows from the punch into the wall surface of the

partition plate part from bottom to top and spreads

around until the mold filling is completed, as shown in

Figure 4(d), (e), (f).The mold filling process simulated by

the ProCAST software is consistent with that simulated

by the SPH method, which illustrates the correctness of

this model.

Fig.4: Comparison Diagram of the Flow Field Simulation of the

Partition Plate Part by the SPH-based Method and the ProCast

Method (a), (d) T = 0.8s (b), (e) T = 1.6s (c), (f) T = 4.0s

4 Conclusions
The meshless method has higher accuracy and stability in

dealing with complex boundaries, large deformations,

multiphase fluids and free surface problems, and has

broad application prospects in the field of casting

numerical simulation. In this paper, a simulation casting

calculation program based on Smooth particle Fluid

Dynamics (SPH) was independently written. The filling

process of extrusion casting was numerically simulated

and studied. The simulation results were compared and

verified with the foreign casting numerical simulation

software ProCAST, providing assistance for the SPH

method in simulating and predicting the filling of

castings and formulating actual production process

parameters.
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