Numerical Simulation and Process Optimization of Magnesium Alloy
Vehicle Dashboard Cross Car Beam (CCB) Based on MAGMA

Authors:

Jiquan Li, Long Chen, Shaofei Jiang, Huigi Gan, Weina Hao

Date Submitted: 2023-02-17

Keywords: magnesium alloy, die casting, response surface experiments, process optimization
Abstract:

At present, the qualified rate of large thin-walled magnesium alloy castings is low. In this study, the effects of mold structure and

process parameters were investigated to improve the production qualification rate of castings. The filling process of die castings was
simulated by numerical simulation technology to optimize their structure. On the basis of an optimized mold structure, the process
parameters of die castings were optimized using a response surface model, and a group of optimal process combinations were

obtained: pouring temperature—660 °C; mold preheating temperature—200 °C; injection speed—6.5 m/s. The rationality of the optimized
mold structure and process parameters is verified by die-casting experiments. The results show that the optimized mold structure and
process parameters can effectively reduce the internal shrinkage cavity casting defects of automotive CCB castings, and effectively
improve the production qualification rate of magnesium alloy CCB castings. This research has important guiding significance for the
production of large thin-walled magnesium alloy parts.

Record Type: Published Article

Submitted To: LAPSE (Living Archive for Process Systems Engineering)

Citation (overall record, always the latest version): LAPSE:2023.0050
Citation (this specific file, latest version): LAPSE:2023.0050-1
Citation (this specific file, this version): LAPSE:2023.0050-1v1

DOl of Published Version: https://doi.org/10.3390/pr11010016

License: Creative Commons Attribution 4.0 International (CC BY 4.0)



2 M processes

Article

Numerical Simulation and Process Optimization of Magnesium
Alloy Vehicle Dashboard Cross Car Beam (CCB) Based

on MAGMA

Jiquan Li 1 Long Chen 1 Shaofei Jiang 1®, Huiqi Gan 2 and Weina Hao 1*

check for
updates

Citation: Li, J.; Chen, L.; Jiang, S.;
Gan, H.; Hao, W. Numerical
Simulation and Process Optimization
of Magnesium Alloy Vehicle
Dashboard Cross Car Beam (CCB)
Based on MAGMA. Processes 2023, 11,
16. https://doi.org/10.3390/
pr11010016

Academic Editor: Taeseon Lee

Received: 18 November 2022
Revised: 18 December 2022

Accepted: 20 December 2022
Published: 22 December 2022

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

College of Mechanical Engineering, Zhejiang University of Technology, Hangzhou 310014, China
2 WanFeng Meridian Lightweight Technology Co., Ltd., Shaoxing 312000, China
*  Correspondence: wnhao@zjut.edu.cn

Abstract: At present, the qualified rate of large thin-walled magnesium alloy castings is low. In
this study, the effects of mold structure and process parameters were investigated to improve
the production qualification rate of castings. The filling process of die castings was simulated by
numerical simulation technology to optimize their structure. On the basis of an optimized mold
structure, the process parameters of die castings were optimized using a response surface model,
and a group of optimal process combinations were obtained: pouring temperature—660 °C; mold
preheating temperature—200 °C; injection speed—6.5 m/s. The rationality of the optimized mold
structure and process parameters is verified by die-casting experiments. The results show that the
optimized mold structure and process parameters can effectively reduce the internal shrinkage cavity
casting defects of automotive CCB castings, and effectively improve the production qualification
rate of magnesium alloy CCB castings. This research has important guiding significance for the
production of large thin-walled magnesium alloy parts.
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1. Introduction

Since the turn of the 21st century, the increasing worldwide sales of automobiles has
resulted in large-scale mining and use of metal materials [1], which has led to the increasing
depletion of traditional metal resources on the Earth’s crust. The issue of how to reduce
their resource consumption and environmental pollution has become a primary concern for
sustainable human development [2,3]. In order to effectively solve this problem, automotive
lightweight technology has become one of the key research directions in the automotive
industry [4-7]. The most effective way to achieve automotive lightweight technology today
is to use new lightweight materials to replace traditional metal materials and process the
new lightweight materials into automotive parts through advanced processes [8,9]. In
order to realize the sustainable development of automobile lightweight technology, in
recent years, magnesium alloy has been widely used in the automobile industry for its
light weight and excellent mechanical properties [10-12]. However, magnesium alloy in
the actual die-casting production has several defects, which leads to casting scrap, and
its low pass rate makes the progress of the magnesium alloy manufacturing industry
difficult [13,14].

In the process of die-casting production, due to the imperfect design of mold structure
and process parameters, many casting defects will be generated, among which air entrain-
ment and shrinkage cavity defects are the most common [15-17]. Liu et al. [18] carried out
a numerical simulation and predicted defects of YM5 magnesium alloy vehicle bearing
through Pro/E software and improved the casting quality by optimizing the mold pouring
system. Ma et al. [19] simulated the AZ91D automobile automotive cooling system’s pump
impeller by ProCAST and predicted the shrinkage cavity and other defects and reduced the

Processes 2023, 11, 16. https:/ /doi.org/10.3390/pr11010016

https://www.mdpi.com/journal /processes



Processes 2023, 11, 16

2 of 14

casting defects by optimizing the sprue bush structure. Peng et al. [20] used Any Casting to
simulate different process parameters of the NZK magnesium alloy wheel to determine the
optimal process, and the die-casting experiments showed that the solution can effectively
reduce casting defects. However, first, most studies have been confined to theoretical re-
search, with lack of proof and severe limitations. Second, all the magnesium alloy parts that
have been studied are small parts, and there is no in-depth study of large-scale thin-walled
magnesium alloy parts.

In the magnesium alloy manufacturing industry, the complexity of the mold design for
large thin-walled castings has resulted in a lack of experience in this area, so it can only be
produced by trial and error. However, due to entrainment and shrinkage, the product scrap
rate is high, and the production cost is additionally increased [21]. For this, it is of great
industrial value to improve the quality of castings by optimizing the structure and process of
the mold before production. It is necessary to further promote the application of magnesium
alloy in automotive lightweight technology, and to reduce the casting defects of large thin-
walled magnesium alloy castings while improving the qualification rate of production. In
this paper, the minimum air entrainment and the minimum shrinkage cavity rate are taken
as the optimization objectives, and the die-casting filling simulation of the designed die
structure is carried out through the numerical simulation technology to select the optimal
casting system scheme. Through the Design-Expert response surface experiment, the
pouring temperature, mold preheating temperature, and injection velocity parameters were
theoretically analyzed and optimized, and a group of optimal process parameters were
obtained. The experimental results show that the optimized mold structure and process
parameters can effectively reduce the entrainment shrinkage phenomenon of the castings,
in which the air entrainment rate is reduced by 17%, the shrinkage cavity rate is reduced
by 7%, and the qualified rate of CCB castings is greatly improved.

2. Materials and Methods
2.1. Materials and Modeling

The material studied in this project is AM60B alloy (Shanxi Regal Advanced Material
Co., Ltd.; Yuncheng City, Shanxi Province, China), which belongs to the Al-Mn system
of magnesium alloys. It is widely used in the shells of electrical products, thin or shaped
brackets, and other parts because of its high strength and good corrosion resistance. Cross
Car Beam (CCB) is used as a crossbeam bracket part for automotive dashboards, and
AMBG60B alloy fully meets the performance requirements of CCB. The chemical composition
of the selected AM60B magnesium alloy is shown in Table 1.

Table 1. Chemical composition of diecast AM60B alloy.

Element

Al

Zn Mn Si Fe Cu Ni Be Mg

Proportion (%)

5.8

0.18 0.56 0.08 0.0003 0.006 0.00086 0.0012 Bal.

The magnesium alloy CCB studied in this project has high requirements for its ma-
chining accuracy and surface quality because of its wall thickness and complex structure.
Using UG12.0 software (MAGMA 5.4) to design the three-dimensional model of CCB parts,
two options were designed for its pouring system, as shown in Figure 1.

Figure 1 shows that the biggest difference between the casting systems of the two
schemes is the layout of the runner. Considering that the arrangement of the runner has
a great influence on the flow of molten metal, it is necessary to select a better scheme by
simulating the die-casting filling process of these two casting systems through numerical
simulation technology.
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Figure 1. 3D model with pouring system: (a) scheme 1; (b) scheme 2.

2.2. Response Surface Test Design

In die-casting production, the process parameters have an extremely important influ-
ence on the filling and solidification of magnesium liquid [22-27]. Factors such as pouring
temperature, mold preheating temperature, and injection speed have a great influence on
metal thermoforming. If these process parameters are not designed reasonably, castings are
prone to casting defects such as air entrainment and shrinkage cavity.

The MAGMA software (UG12.0 software, MAGMAD.4) calculates the mass exchange
of liquid metal in the local area during the solidification of the casting and the resulting
feeding process. The shrinkage-related defects can be quantitatively predicted by the
feeding model.

In summary, this paper optimizes the pouring temperature, mold preheating tem-
perature, and compression injection speed. Using the volume of rolled air and shrinkage
cavity rate as the optimization indexes, the factor-level table of the response surface test
was obtained as shown in Table 2.

Table 2. Factor-level table of response surface test.

A B C

Pouring Temperature (°C) Mold preheating Temperature (°C) Injection Speed (m/s)
Level 1 660 160 45
Level 2 680 180 5.5
Level 3 700 200 6.5

2.3. Die Casting Experiment

The object of this study was large thin-walled magnesium alloy castings, and an
IDRA3200 large die-casting machine was used in the production of die casting. The rough
castings produced by die casting were obtained by deburring the castings, and the final
castings were obtained by machining. The CCB ca stings before and after the optimization
of the process parameters were tested by the X-ray testing machine (SRE MAX 80-150;
the minimum resolution is 100 pm) to detect the important parts of the castings, and the
mechanical properties of the castings before and after the optimization were tested by the
mechanical performance testing machine (AG-IC 100 KN).

3. Results and Discussion
3.1. Simulation Analysis of Die Casting Filling
The process parameters are determined before the simulation. According to the die

casting manual and experience, the initial setting is 680 °C for pouring temperature, 180 °C
for mold preheating temperature, and 5.5 m/s for press injection speed.
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3.1.1. Filling Temperature Simulation

Figure 2 shows the temperature distribution of the simulated filling process of the two
schemes. The figure shows that when it reaches 40%, the filling temperature of scheme 1 is
only about 620 °C, and in particular, the temperature of one sprue is less than 600 °C, which
is a greater difference compared to the set pouring temperature, and it is easy to have cold
compartment defects, while scheme 2 does not show a similar phenomenon when filling.
When filling up to 66%, the temperature of molten metal in scheme 1 rises slowly, but the
previous lower temperature metal liquid has been filled to the main body of the casting,
which will appear as a large temperature difference, making the lower temperature area in
the process of cooling a large stress difference; it is likely to have serious shrinkage cavity
defects. In contrast, scheme 2 keeps filling to the casting body at the set temperature; when
the filling is completed, the temperature distribution of scheme 2 is relatively more uniform
compared with the two schemes, which is conducive to reducing the generation of casting
defects in CCB during the die-casting production process. In summary, the simulation
result of filling temperature of scheme 2 is better than that of scheme 1.
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Figure 2. Temperature distribution diagram of two projects: scheme 1 (a,c,e); scheme 2 (b,d,f).

3.1.2. Filling Speed Simulation

Figure 3 shows the simulation results of the filling speed of the two solutions. Figure 3
shows that when the filling reaches 40%, the metal liquid of both solutions starts to flow
into the casting with a speed of about 40 m/s, but the metal liquid of the middlemost flow
channel of solution 1 is obviously filling into the casting more slowly; when the filling
reaches 70%, there is clearly an unfilled phenomenon in the A area of solution 1, which will
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make the area very prone to air entrapment, while option 2 has no similar phenomenon.
When filling up to 90%, there are several small and thin reinforcement bars in the B area of
scheme 1, which leads to a liquid flow velocity of more than 60 m/s. The higher velocity
difference will also lead to the easy occurrence of air entrapment in this area, while scheme
2 eliminates the problem of excessive liquid velocity in the B area; when filling is completed,
the liquid velocity of scheme 2 is more uniform compared with that of scheme 1, and the
velocity simulation is better.
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Figure 3. Filling velocity simulation results of the two projects: Scheme 1 (a,c,e,g); Scheme 2 (b,d,f,h).

To summarize, the pouring system layout of scheme 2 is more reasonable than that
of scheme 1. In the simulation process of scheme 2, the magnesium liquid loses less heat
during filling, which makes the fluidity of the magnesium liquid better, makes the filling
process smoother, and reduces the energy consumption of the magnesium liquid. Therefore,
the simulation results of scheme 2 are better than scheme 1.
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3.2. Response Surface Test Results and Analysis

Based on scheme 2, 17 sets of experiments were designed with the optimized parame-
ters of pouring temperature, mold preheating temperature, and injection speed, and the
optimized indexes of air entrapment rate and shrinkage cavity rate, among which there
were five sets of repeatability experiments at the same level to verify the model, and the
remaining 12 sets of experiments at different levels. The experimental results are shown
in Table 3.

Table 3. Experimental table of response surface and statistics of results.

Pouring Mold Preheating Injection Speed Air Entrapment Shrinkage Cavity
Serial Number Temperature (°C)  Temperature (°C) (m/s) (%) (%)
A B C Y1 Y2
1 660 160 55 1.47 0.401
2 700 160 55 1.46 0.537
3 660 200 55 1.44 0.334
4 700 200 55 1.44 0.457
5 660 180 45 1.58 0.365
6 700 180 4.5 1.55 0.479
7 660 180 6.5 1.38 0.368
8 700 180 6.5 1.37 0.48
9 680 160 4.5 1.59 0.463
10 680 200 4.5 1.54 0.393
11 680 160 6.5 1.39 0.465
12 680 200 6.5 1.36 0.395
13 680 180 55 1.45 0.423
14 680 180 55 1.46 0.419
15 680 180 55 1.45 0.418
16 680 180 55 1.45 0.413
17 680 180 55 1.45 0.423
3.2.1. Response Surface Model for Air Entrapment Rate
The quadratic model was analyzed by the Model Fit Summary module of the Design-
Expert software to have the highest fit, and the significance analysis of the response surface
of the air entrapment rate under this model is shown in Table 4. The F-value of this model
is 194.29, which indicates that the significance of the model is very high. p < 0.0001 in
this model indicates a very significant term, and p < 0.05 indicates a more significant term.
From the p-value of this model, it can be seen that the primary term C has a very significant
effect on the air entrapment rate, B has a significant effect on the air entrapment rate, and
the secondary term C? also has a significant effect on the air entrapment rate.
Table 4. Response surface significance analysis.
Source Sum of Squares df Mean Square F-Value p-Value Statistical Significance
Model 0.0762 9 0.0085 194.29 <0.0001 Significant
A 0.0003 1 0.0003 717 0.0316
B 0.0021 1 0.0021 48.48 0.0002
C 0.0722 1 0.0722 1657.05 <0.0001 Significant
AB 0 1 0 0.5738 0.4735
AC 0.0001 1 0.0001 2.3 0.1736
BC 0.0001 1 0.0001 23 0.1736
AZ 2,632 x 1077 1 2,632 x 1077 0.006 0.9402
B? 2,632 x 1077 1 2,632 x 1077 0.006 0.9402
c? 0.0013 1 0.0013 30.45 0.0009 Significant
Residual 0.0003 7 0
Lack of fit 0.0002 3 0.0001 3.75 0.1171
Pure error 0.0001 41 0
Cor total 0.0765 6
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Y, =1.45 — 0.0062 x A — 0.0162 x B — 0.095 x C + 0.0025 x AB + 0.005 x AC + 0.005 x BC + 0.0002 x AZ +

0.0002 x B? + 0.0178 x CZ2

Air Entrapment (%)

By analysis, the fitted Equation (2) of the air entrapment rate (Y1) of the model is:

)

In the case of considering only the air entrapment rate, the degree of influence of single
factors on the air entrapment rate is shown in Figure 4. It can be seen that the pouring
temperature and mold preheating temperature have little effect on the air entrapment rate
of the casting, but the pressure injection speed has a greater effect on the air entrapment rate
of the casting and reduces the air entrapment rate of the casting as the pressure injection
speed increases.

Air Entrapment (%)

660

T T T T
670 680 690 700

A: pouring temperature ( °C )

(a)

Air Entrapment (%)

160

T
170

B: mold temperature ( °C )

(b)

T
180

190

T T T
20 45 5

C:injection speed ( m/s )

(c)

Figure 4. Effect of single factors on air entrapment rate (Y1).

T
55

In the case of considering only the air entrapment rate, the effect of two factors acting
together on the air entrapment rate was analyzed, and the results are shown in Figure 5.
Through the response surface and contour distribution in the figure, it can be seen that the
significance of the three die-casting process parameters on the air entrapment rate is in the
following order: injection speed, mold preheating temperature, and pouring temperature.
The optimal process combination is 680 °C for pouring temperature, 200 °C for mold
preheating temperature, and 6.5 m/s for injection speed.
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Figure 5. The interaction effect of two factors on the air entrapment rate (Y1).
3.2.2. Response Surface Model for Shrinkage Cavity Rate
The quadratic model was analyzed by the Model Fit Summary module of Design-
Expert software to have the highest fit, and the response surface significance analysis of
the shrinkage cavity rate under this model is shown in Table 5. The F-value of this model
is 148.17, which indicates that the significance of the model is very high. p < 0.0001 in
this model indicates a very significant term, and p < 0.05 indicates a more significant term.
From the p-value of this model, it can be seen that the primary terms A and B have a very
significant effect on the shrinkage cavity rate, and the secondary term B? has a significant
effect on the solidification time.
Table 5. Significance analysis of response surface.
Source Sum of Squares df Mean Square F-Value p-Value Statistical Significance
Model 0.0402 9 0.0045 148.17 <0.0001 Significant
A 0.0294 1 0.0294 975.23 <0.0001 Significant
B 0.0103 1 0.0103 341.5 <0.0001 Significant
C 0.000008 1 0.000008 0.2653 0.6223
AB 0 1 0 14 0.2751
AC 0.000001 1 0.000001 0.0332 0.8607
BC 0 1 0 0 1
A? 0.0001 1 0.0001 1.74 0.2292
B2 0.0004 1 0.0004 12.67 0.0092 Significant
2 3.184 x 1077 1 3.184 x 1077 0.0106 0.921
Residual 0.0002 7 0
Lack of fit 0.0001 3 0 2.76 0.1761
Pure error 0.0001 4 0
Cor total 0.0404 16
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By analysis, the fitted Equation (2) of the shrinkage cavity rate (Y3) of the model is:

Y, = 0.4192 + 0.0606 x A — 0.0359 x B +0.001 x C — 0.0033 x AB — 0.0005 x AC +0.0035 x A%0.0952 x B? +0.0003 x C  (2)

Figure 6 shows the degree of influence of single factors on the shrinkage cavity rate
in the case of considering only the shrinkage cavity rate. It can be seen that the pouring
temperature and mold preheating temperature have a greater effect on the shrinkage cavity
rate of the casting, and the shrinkage cavity rate of the casting increases as the pouring
temperature increases, while the shrinkage cavity rate of the casting decreases as the mold
preheating temperature increases. However, the pressure injection speed has almost no
effect on the shrinkage cavity rate of the casting.
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| | | | I
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(b) ()
Figure 6. Effect of single factor on shrinkage cavity rate (Y3).

In the case of considering only the shrinkage cavity rate, the effect of two factors
acting together on the shrinkage cavity rate was analyzed, and the results are shown
in Figure 7. The response surface and contour distribution in the figure show that the
significance of three die-casting process parameters on the shrinkage cavity rate are in
the following order: pouring temperature, mold preheating temperature, and injection
speed. The optimal process combination is 660 °C for pouring temperature, 200 °C for
mold preheating temperature, and 4.5 m/s for injection speed.
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Figure 7. Interactive effect of two factors on shrinkage cavity rate (Y3).

In the actual production, the above factors should be taken into consideration, and
the optimal process combination was obtained through the analysis of the Optimization
module of Design-Expert software when the air entrapment rate and shrinkage cavity
rate were considered at the same time: pouring temperature 660 °C, mold preheating
temperature 200 °C, and press injection speed 6.5 m/s.

3.3. Simulation Analysis

Based on the optimal process combination obtained above, the air entrapment rate
and shrinkage cavity rate of the CCB before and after optimization were simulated using
MAGMA software, and the simulation results are shown in Figure 8.

Air Entrapment
%

Empty

100

92.9
85.7
78.6

Air Entrapment
%

(b)

Figure 8. Comparison of air entrainment rate before and after optimization: (a) before optimization;
(b) after optimization.
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(a)

In terms of the air entrapment rate, from Figure 8, we can see that before the opti-
mization of the castings in the filling process, the volume of air is very high; most of the
castings’ air entrapment amounted to 14%, especially in region A, where the amount of
air entrapment is more than 20% of the draft, which also indicates that the area is prone to
casting defects such as air holes.

After optimization, the volume of air in the casting is obviously reduced, the volume
of air in most of the castings is less than 3%, and only a very small number of areas have a
volume rate of 14%. In terms of air entrainment rate, the optimized casting air entrainment
rate is reduced by 17%, which greatly reduces air entrainment defects in casting.

As far as the shrinkage cavity is concerned, it can be seen from Figure 9 that the
shrinkage cavity area before optimization is mainly concentrated in the middle of the
casting, and the shrinkage cavity rate reaches 14%. The shrinkage cavity position of the
optimized casting is significantly reduced, and the shrinkage cavity rate is only 7%. It
shows that the shrinkage porosity of the optimized casting is reduced by about 7%.

Porosity Porosity
% %
Empty Empty
100 100
92.9 7 929
85.7 857
78.6 Sy 78.6
bl 714 714
643 ; . " . 64.3
' 571 . 57.1
500 Sy i 50.0
29 ) 429
35.7 357
286 o 28.6
21.4 214
14.3 14.3
72 { 72
0.0 ; 0.0

(b)

Figure 9. Comparison of shrinkage cavity rate before and after optimization: (a) before optimization;
(b) after optimization.

3.4. Die Casting Experiment

The process parameters before and after optimization combined with the structure of
scheme 2 are applied to the die-casting production of CCB parts. The castings obtained by
die-casting and machining are shown in Figure 10. It can be seen from Figure 10 that there
is no obvious difference in the surface of the CCB casting before and after optimization.
From the overall appearance, the surface gloss of the casting is good and there are no
obvious defects.

(b)

Figure 10. CCB Die-casting: (a) before optimization; (b) after optimization.
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After the die-casting was completed, 100 castings were taken before and after process
optimization for X-ray inspection on their key parts. The inspection results are shown in
Table 6. It can be seen from Table 6 that before process optimization, there were many air
entrainments or shrinkages inside 85 castings, and only 15 castings were qualified products;
after process optimization, only six castings had many air entrainments or shrinkages
inside, and there were 94 castings qualified. The results further demonstrate the accuracy
of the previous MAGMA simulation.

Table 6. X-ray inspection results of 100 castings taken before and after optimization.

Air Entrainment or Shrinkage Qualified Product
Before optimization 85 15
After optimization 6 94

Figure 11 shows the X-ray inspection results of key parts of the CCB casting before
optimization. It can be seen from the circled parts in the figure that there are a large number
of casting defects caused by entrained air inside the casting. It is because of the existence of
these defects that the casting has defective products.

Figure 11. X-ray test before optimization.

Figure 12 shows the optimized X-ray inspection results of key parts of CCB parts.
The results show that the internal quality of CCB castings is generally good, and no
casting defects such as large shrinkage cavity porosity were found, which meets the ASTM
E505A2 standards.

Figure 12. X-ray test after optimization.

The mechanical properties of CCB castings before and after optimization are shown in
Table 7. It can be seen from Table 6 that the tensile strength, yield strength, and elongation
of CCB castings have been significantly improved after optimization. Among them, the
tensile strength increased by about 30 MPa, the yield strength increased by about 20 MPa,
and the elongation increased by about 5%.
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Table 7. Mechanical properties before and after optimization.

Tensile Strength (MPa) Yield Strength (MPa) Elongation (%)
190.24 79.76 3.2
After optimization 191.52 81.35 4.2
184.58 78.94 5.8
221.19 103.64 9.4
Before optimization 215.34 106.74 10.6
218.96 98.74 9.8

References

4. Conclusions

In this paper, the die-casting process of large thin-walled magnesium alloy castings
was simulated by numerical simulation technology. By optimizing the mold casting system
and process parameters, the quality of castings can be improved, and the qualified rate of
products can be increased, which has great guiding significance for the production of large
thin-walled magnesium alloy castings. The specific conclusions are as follows:

(1) Under the same process parameters, MAGMA software was used to simulate the
filling of two pouring system schemes for CCB of magnesium alloy automobiles, and
the results showed that the design of the pouring system of scheme 2 was better than
that of scheme 1, and the design of scheme 2 could effectively reduce casting defects.

(2) In the die-casting process of the AM60B magnesium alloy automotive CCB bracket,
when only the air entrapment rate is considered, the press injection speed has the
greatest influence, the mold preheating temperature is second, and the pouring
temperature has the least influence. When considering only the shrinkage cavity rate,
the pouring temperature has the greatest influence, the mold preheating temperature
is second, and the press injection speed has the least influence.

(3) In the actual production process, the air entrainment rate and shrinkage cavity rate
should be considered comprehensively. The optimal combination of process parame-
ters is as follows: pouring temperature 660 °C, mold preheating temperature 200 °C,
and press injection speed 6.5 m/s. Under these process parameters, the qualified rate
of magnesium alloy CCB castings can be improved effectively.
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