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casting thin-wall AlSi10MnMg longitudinal load-
bearing beam based on numerical simulation
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The use of thin-wall AlSi10MnMg high pressure die 
casting (HPDC) parts has grown considerably in past 

years and is still continuously rising in the automotive 
industry [1]. Due to lightweight necessity, the number of 
thin-wall AlSi10MnMg HPDC aluminum parts, such as 
suspension components, supporting parts and wheels, is 
rising with a lot of advantages due to good mechanical 
properties [2-3]. 

High pressure die casting is a kind of near net shape 
manufacturing method of complex geometry parts in 
the automotive industry at relatively low production 
costs [4]. It is a very suitable way to produce thin-wall 
AlSi10MnMg supporting parts [5]. However, defects like 
air entrapment formed at the fi lling stage have infl uenced 
the quality and the application of thin-wall HPDC 
AlSi10MnMg parts due to the fact that the gas has not 
enough time to escape from the casting because of the 
irrationality of the gating system design. Therefore, a 
reasonable design for a gating system is one of the key 
factors to assure product quality during the production of 
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castings [6]. 
At present, a flow and thermal modeling computer 

simulation software Flow-3D has been extensively 
used to analyze the fi lling processes of HPDC castings 
with different gating systems, and software ProE has 
also been used for modifying the gating system and die 
design[7].

Longitudinal load-bearing beam is a thin-wall 
HPDC AlSi10MnMg structural part for a vehicle body. 
Excellent mechanical properties and dense microstructure 
are required. However, a number of air entrapments 
often appeared in the critical area of the parts during 
production. Although the filling velocity, melting 
temperature and die temperature had been adjusted, 
the air entrapment defect was not yet eliminated by 
optimizing casting parameters with the initial designed 
gating system. In order to decrease the occurrence of 
air entrapment defects during the filling process and 
improve the product quality, a HPDC gating system for 
the thin-wall longitudinal load-bearing beam structural 
part made of AlSi10MnMg alloy was modified and 
simulated, and the advantages and disadvantages of the 
different gating system designs were analyzed. Finally, 
the numerical simulation results were well testified by 
practical production verification and microstructure 
characterization analysis.
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1  Simulation and optimization
1.1 Geometry modeling and defect description 
Figure 1 shows the 3D-model of the original thin-wall HPDC 
AlSi10MnMg longitudinal load-bearing beam with initial gating 

Fig. 1:  3D-Model of thin-wall AlSi10MnMg HPDC longitudinal load-bearing beam and original gating system made by Pro-E

system using a comb-type design with seven ingates. The fringe 
of the part is 6 mm thickness and average thickness of the 
casting is 3 mm, the height of the strengthening rids is 2 mm 
and the outline of the part is 250 mm × 80 mm × 6 mm . 

The material of the longitudinal load-bearing beam is 

AlSi10MnMg alloy. Tables 1 and 2 show chemical compositions 
and material properties of AlSi10MnMg alloy, respectively. The 
HPDC die was made by H13-Steel. The numerical simulation on 
the fi lling processes of the longitudinal load-bearing beam was 

carried out with Flow-3D software. The step size of simulation 
was set as 0.0008 and the total number of the meshes was 
16,945,929. Table 3 shows the initial and boundary conditions 
of simulation. 

Table 1:  Chemical composition of AlSi10MnMg longitudinal load-bearing beam (wt.%)

Table 2:  Material parameters of AlSi10MnMg alloy [5]

Si Mg Mn Fe Mn/Fe Ti Sr Zn Cu Al

10.57 0.361 0.526 0.228 2.31 0.0618 0.0144 0.000930 0.00189 88.2

Density 
kg·m-3

Liquidus/solidus temperature 
K

Latent heat
kJ·kg-1

Specifi c heat
kJ·kg-1·K-1

2472 897/825 332 1245

Table 3:  Initial and boundary conditions for simulationThe melting of AlSi10MnMg ingots was conducted in 
a crucible preheated to 350 to 400 °C. Before melting, 
AlSi10MnMg ingots were fi rst preheated to 200 °C, then the 
ingots were placed into the crucible and the crucible was 
heated to 750 °C until the ingots were fully melted under 
the protection of high purity argon gas. Figure 2 shows the 
HPDC-produced longitudinal load-bearing beam using the 
casting process parameters shown in Table 4. The sampling 
position for metallographic observation was in the critical 
position, as shown in Fig. 2. Microstructure was observed on 
a Leica metallographic microscope.

The macro photos and X-ray test results of the critical 
area are shown in Fig. 3. It can be seen that obvious air 
entrapment defects occurred in the casting produced by the 
above-mentioned original gating system.

Temperature (°C) Heat-transfer coeffi cient   
             (W·m-2·K-1)

   Die    Melt     Metal    Solidifi ed metal

220 650 2     1,000            2,000

  Fig. 2:  Critical sampling position of X-ray test and 
microstructure observation

Ingate fi lling 
velocity
 (m·s-1)
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Table 4:  Process parameters of high pressure die casting

Table 5:  Mechanical properties of longitudinal load-bearing 
beam produced by original gating system

Slow jet velocity
(m·s-1)

Melting temperature
(°C)

Die temperature
(°C)

0.3 2.0 650 200-250

Rp0.2 (MPa) Rm (MPa) A (%)

Properties
requirements 145.00 185.00 2.000

Test 
properties 140.79 168.32 1.695

   Fig. 3:  Photos and X-ray test results of air entrapment 
defects based on original gating system

Fig. 4:  Critical area metallographic photos based on original gating system with different magnifi cations

Figure 4 shows the metallographic photos at 
the critical area of the beam part produced by 
the original gating system. It can be observed 
that there are serious air entrapments in the 
part. The low magnification metallography 
[Fig. 4(a)] shows an obvious macro air 
entrapment defect and the high magnifi cation 
metallography [Fig. 4(b) and 4(c)] shows 
a certain amount of small-sized entrapped 
air. Table 5 shows the mechanical properties 
of the part produced by the original gating 
system. It is evident that the tested values are 
lower than  the properties requirements of the 
beam.

1.2 Simulation results with original gating 
system

The simulation results of fi lling processes of the longitudinal 
load-bearing beam with original gating system are shown in 
Fig. 5. It can be seen that the middle ingate is fi lled fi rstly by 
molten metal [shown in Fig. 5(a)]. The filling process is not 
smooth, and the liquid injecting from the middle ingate has 
an obvious confl uence. The fl uid has more contact with air at 
0.020 s in Fig. 5(b). Under the circumstance, the gas is easily 
drawn into the molten metal and results in air entrapment 
defects. As shown in Fig. 5(c), when the fi lling time is 0.028 s, 

Fast jet velocity
(m·s-1)

the mold cavity is fully fi lled, and there exist a number of air 
entrapments in the left and the top of the longitudinal load-
bearing beam castings. Figure 5(d) shows the simulation 
result of the end of the filling process. As it can be seen, 
there is a large area with air entrapment defects in the mold 
cavity, especially in the left and the top of longitudinal load-
bearing beam. Serious fluid convection happens because of 
the unsynchronized filling sequence from different ingates. 
If the volume of air entrapment cannot be decreased, it will 
be diffi  cult to produce a sound casting. Therefore, the gating 
system must be optimized.

1.3 Simulation results with optimized gating 
system

In order to decrease the frequency of confluence caused by 
overmuch ingates and make the fi lling process more stable, the 
initial gating system of the longitudinal load-bearing beam was 
optimized, as shown in Fig. 6. The middle ingate was replaced 
by an overfl ow well due to its priority of fi lling. Figure 7 shows 
the fi lling process simulation results with the optimized gating 
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Fig. 5:  Simulation results of fi lling process with initial gating system

system. In Fig. 7(a), the molten metal is fi lled from the left third 
ingate, and then to the mold cavity. Figure 7(b) shows a more 
stable fi lling state of molten metal in the optimized gating system 
than that in the initial gating system. With the optimized gating 
system, the gas has less involvement into the mold cavity, so the 
volume of air entrapment can be confined to a certain extent. 
When the filling time is 0.03 s, the mold cavity is fully filled 
[Fig.7(c)]. Compared to the initial gating system, the confl uence 
is decreased, and the fi lling time is slightly increased with the 
optimized gating system. The fi lling velocity is slower than that 
in the initial gating system because of the decrease of ingate 
number. However, the longitudinal load-bearing beam still has 
some confl uence during fi lling, and some air entrapment defects 
are still observed [Fig. 7(d)], mainly in the top of the casting, and 
the fi lling sequence is not yet asynchronous. The third ingate is 
fi rstly fully fi lled during fi lling [Fig. 7(b)], which causes a new 
convection between this ingate and the middle overflow well, 

and the fl uid fi lling from diff erent ingates does not smoothly rise 
up. So, the gating system should be further optimized to remove 
the air entrapment defects in the top of the beam.

In order to make the fi lling liquid front more stable, to avoid 
the fluid flows preferentially into the middle overflow well, 
and to decrease the convection between the ingate and the 
middle overfl ow well, the middle overfl ow well is removed for 
further improvement. Figure 8 shows the fi nal die design by 
removing the middle overfl ow well. Figure 9 is the simulated 
air entrapment distribution of the beam with fi nal optimized 
gating system. It can be seen that the air entrapment defects 
are much fewer than that of the initial gating system. After the 
middle overfl ow well is removed from the gating system, the 
confl uence is almost eliminated [Fig. 9(a)]. Figure 9(d) shows 
the simulated air entrapment distribution in the end of fi lling 
process with the fi nal gating system after further optimization. 
The entrapped air is fully transferred into the overfl ow wells on 

s s

s s

Fig. 6:  3D-Model of replacing middle ingate to overfl ow well made by Pro-E

(a) (b)

(c) (d)
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the top. The mold cavity does not show obvious air entrapment 
defects. Therefore, the fi nal optimized gating system with the 
middle ingate removed almost eliminated the air entrapment 
defects in the mold cavity and distinctly improved the quality 
of the longitudinal load-bearing beam. 

2  Practical production verification
Figure 10 shows the longitudinal load-bearing beam with 
glossy surface produced by the fi nal optimized gating system. 
Figure 11 shows the metallographic photos at the critical 
area of the beam. There are no obvious air entrapments in 
the metallographic photos, of low or high magnification, 
and a dense microstructure is observed, which shows a high 
consistency with the simulation result.

Figure 12 is the X-ray test results of the critical area of 
the beam made by the final gating system. It shows no air 
entrapment existing in the critical area and the result is also 

consistent with the simulation result.  
 Mechanical properties test was performed according to DIN 

50125 standard. Tensile test piece is a flat bar with original 
gauge length of 30 mm, thickness of 3 mm and width of 8 mm. 
Table 6 shows the mechanical properties of the longitudinal 
load-bearing beam under the fi nal gating system. As it can be 
seen from Table 6, Rm of the left sampling position is 203.9 
MPa, Rp0.2 is 157.4 MPa, the elongation A is 2.4% and Rm 
of the right sampling position is 247.1 MPa, Rp0.2 is 165.1 
MPa, the elongation is 3.1%. The tested results can meet the 
properties  requirements of a longitudinal load-bearing beam.

According to Figs. 9-12 and Table 6, the practically 
produced thin-wall AlSi10MnMg longitudinal load-bearing 
beam has a good surface and internal quality. No obvious air 
entrapment defects are observed in the simulation result and in 
the metallographic photos of the fi nal optimized longitudinal 
load-bearing beam. 

Fig. 7:  Simulation results of fi lling processes with optimized gating system

Fig. 8:  3D-Model of fi nal gating system made by Pro-E

s s

s s

(a) (b)

(c) (d)
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Fig. 9:  Simulation results of fi lling processes with fi nal optimized gating system

s s

s s

Fig. 10:  Photos of produced parts with fi nal optimizedgating system

Fig. 11:  Metallographic photos of fi nal optimized longitudinal load-bearing beam from critical area

(a) (b)

(c) (d)
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3  Conclusions
The gating system of the HPDC thin-wall AlSi10MnMg 
longitudinal load-bearing beam is optimized. The fi lling process 
of the longitudinal load-bearing beam becomes obviously 
more stable and the volume of air entrapment has drastically 
decreased. 

(1) When the beam is produced by the original designed 
gating system with a middle ingate, there exist obvious air 
entrapments in the critical area. Simulation results show that 
when the initial gating system contains a middle ingate, the 
filling of the molten metal is not stable, the middle ingate is 
firstly fully filled, and there is obvious confluence during the 
fi lling process. Air entrapment clearly exists in the mold cavity.

(2) After the gating system is optimized by replacing the 
middle ingate to an overfl ow well, the fi lling of molten metal 
becomes more stable. However, the confl uence still exists. Air 
entrapment still appeared in the critical area of the longitudinal 
load-bearing beam. For further improvement, the middle ingate 
is removed. The fluid has much less confluence and the air 
entrapment defect is eliminated from the critical area with the 
fi nal optimized gating system.

(3) The numerical simulation optimization is verified by 
practical production. The thin-wall HPDC AlSi10MnMg 
longitudinal load-bearing beam has a dense microstructure and 
less air entrapment by using the fi nal optimized gating system. 
Mechanical properties can meet the application requirements of 
the beam.
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Fig. 12:  X-ray test result of critical area based 
on fi nal optimized gating system

Table 6:  Mechanical properties of a longitudinal load-bearing 
beam produced by fi nal optimized gating system

Rp0.2 (MPa) Rm (MPa) A (%)

Properties
requirement 145.0 185.0 2.0

Left 157.4 203.9 2.4

Right 165.1 247.1 3.1
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