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Abstract: Based on the experimental data of apparent viscosity about semi-solid A356 aluminum alloy, the apparent viscosity model 
was developed and inserted into a commercial software Castsoft6.0, and a key-shaped component filling process was simulated. The 
simulation results are in good agreement with the experimental filling results, which indicates that the apparent viscosity model 
established is effective and available. The process parameters on the cavity filling of the key-shaped components have been 
optimized. The injection pressure should be more than 15 MPa, the slurry flowing velocity in the in-gate should be more than 1.73 
m/s, and the slurry temperature should be over 585 ℃. 
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1 Introduction 
 

The numerical simulation technology has attracted 
much attention in foundry fields[1−3] since PASCHKIS 
carried out the numerical simulation on the freezing 
process with a large computer in 1940s. After being 
developed for several decades, the numerical simulation 
technology has made almost perfect progress in mould 
filling and solidification process and played an important 
role in the castings production[4−6]. 

At present, some advanced semi-solid forming 
processes have been applied to make machine parts 
[7−9]. However, compared with the mould filling 
process of a liquid alloy, the mould filling process of a 
semi-solid slurry will involve a more complicated 
rheological behavior. So the mathematical model used in 
the numerical mould filling simulation of a liquid alloy 
cannot be used directly in that of the semi-solid slurry. 
That is to say, the mathematical model controlling the 
filling behavior of the semi-solid slurry must be used. At 
present, the constant or variable apparent viscosities 
about semi-solid alloy slurries in the mathematical 

models are often used to express the filling behavior of 
semi-solid slurries by most researchers[10−12]. To a 
given semi-solid alloy slurry, the apparent viscosity or 
apparent viscosity model should be established first and 
then the mould filling of the semi-solid alloy slurry can 
be simulated[13−15]. However, the apparent viscosity 
models used at present in many commercial softwares 
are also needed to be further improved. Therefore, it 
becomes a key problem for the numerical simulation on 
the mould filling of a semi-solid alloy slurry to develop a 
right apparent viscosity or an apparent viscosity model. 

In this work, an apparent viscosity model based on 
the experimental data about semi-solid A356 aluminum 
alloy was developed and inserted into a commercial 
software Castsoft6.0. The mould filling process of 
semi-solid A356 aluminum alloy slurry was simulated. 
 
2 Apparent viscosity model 
 

In order to simulate the mould filling process of 
semi-solid A356 aluminum alloy slurry, an apparent 
viscosity model controlling the slurry filling behavior 
must be established. So the apparent viscosity model was  
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established by an experimental data fitting method. 
The solid line in Fig.1 shows the apparent viscosity 

curve varying with shear time when the solid faction is 
0.3 and the shear rate is 93.20 s−1. 
 

 
Fig.1 Comparison between experimental and fitting curves 
about apparent viscosity 
 

It can be seen from Fig.1 that the apparent viscosity 
decays exponentially with shearing time increasing when 
semi-solid A356 aluminum alloy slurry is sheared again. 
It is evident that the change of the apparent viscosity 
may be described by a decaying exponential function, as 
discussed by many scholars[16−17]. It is assumed that 
the exponential function is as follows: 
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When x=0, y=ηi; when x→∞, y=ηe. y0 is a constant. 

So Eqn.(1) is changed to the following equation: 
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where  η is the apparent viscosity of the slurry when the 
shearing time is t; ηi is the initial apparent viscosity; ηe is 
the steady apparent viscosity; t1 is the relaxation factor, 
which is the function of the shearing rate and t1=      
1/(a+b mγ ); and t is the shearing time. 

From Eqn.(2), it can be seen that the decaying 
exponential function may be achieved if t1 is figured out, 
i.e. the apparent viscosity model may be established. t1 
can be figured out by the different curves of the apparent 
viscosity at different shearing rates. The dotted curve in 
Fig.1 is the curve fitted by the experimental data. 
Compared the dotted curve with the experimental solid 
curve, it can be seen that the fitted curve is anastomotic 
to the curve of the measured apparent viscosities. This 
indicates that the decaying exponential function may be 
used to display the variety of the apparent viscosities 
with the shearing rate. When one apparent viscosity 
curve is fitted, a relaxation factor t1 can be achieved. If 
there are three apparent viscosity curves, a, b, m in the 

relaxation factor t1 can be decided. Replace t1 in Eqn.(2) 
by given a, b and m, the apparent viscosity model with 
shear rate γ  and shear time t can be established: 
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where  ηe=2.79exp(6.23fs) 70.0−γ [18]; fs is the solid 
fraction of semi-solid A356 aluminum alloy slurry and 
γ  is the shear rate. 
 
3 Numerical simulation results 
 

In order to verify the apparent viscosity model 
established, it was inserted into a commercial software 
Castsoft6.0 and the rheo-diecasting filling of a 
key-shaped component was simulated. Fig.2 shows the 
key-shaped component with one core. Its dimensions are 
245 mm in length, 54 mm in width and 5 mm in 
thickness. The process parameters used in simulation are: 
the slurry temperature is 585 ℃; the injection pressure is 
15 MPa; the slurry flowing velocity in the in-gate is 1.73 
m/s and the preheated temperature of the mould is 
200 .℃  
 

 
Fig.2 Schematic diagram of key-shaped component 
 

Fig.3 shows the simulation results of semi-solid 
A356 aluminum alloy slurry in the mould cavity of the 
key-shaped component. It can be seen from Fig.3 that the 
rheo-filling process is stable and the flowing front of the 
slurry shows a parabolic shape when the slurry starts to 
fill. When the slurry touches the in-gate top, the slurry 
spreads out steadily and fills the in-gate first, and then 
begins to fill the bilateral cavities, as shown in Figs.3(a) 
and (b). For the left cavity of the key-shaped component, 
the left core is far away from the in-gate, so the flowing 
resistance is small and the flowing velocity is faster 
before the slurry meets the left core, as shown in  
Figs.3(c) and (d). The temperature of the slurry in the 
flowing front decreases when the filling and the solid 
fraction gradually increase. When the slurry meets the 
left core, it is difficult for the slurry to be mixed 
thoroughly after the slurry passes the left core. As a 
result, the left part of the key-shaped component can not 
be filled completely, as shown in Figs.3(e) and (f). But 
for the right cavity of the key-shaped component, its 
right core is near to the in-gate, and the slurry can keep 
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higher temperature when it meets the right core, so the 
slurry can be mixed thoroughly after it passes the right 
core and continuously flows along the right mould cavity 
until the right cavity is filled completely, as shown in 
Figs.3(e) and (f). 

When the slurry temperature of A356 aluminum 
alloy slurry increases to 590  and the other process ℃

parameters do not be changed, the simulation results are 
shown in Fig.4. 

It can be seen from Fig.4 that both the left cavity 
and the right cavity of the key-shaped component are 
filled completely, especially the left semicircular cavity 
around the left core is also filled completely. So the 
slurry temperature should be increased to ensure the 
complete filling of the key-shaped component. 

In addition, the completely filled key-shaped 

component can be obtained when the slurry flowing 
velocity in the in-gate is increased to 2.49 m/s or the 
injection pressure is increased to 20 MPa. This is because 
the faster filling velocity will decrease the heat emission 
and the higher injection pressure will increase the 
dynamic energy of the slurry, so the slurry fills the cavity 
at a higher temperature and higher dynamic energy until 
the cavity is filled completely. 
 
4 Filling results 
 

Fig.5 shows the key-shaped component produced by 
rheo-die casting process. The process parameters used in 
Figs.5(a) and (b) are the same as those used in Fig.3 and 
Fig.4, respectively. 

From Fig.5(a), it can be seen that the region of the 
 

 
Fig.3 Simulation results of key-shaped component (slurry temperature 585 ℃): (a) Filling volume 10%; (b) Filling volume 30%;  
(c) Filling volume 50%; (d) Filling volume 70%; (e) Filling volume 90%; (f) Not complete filling 
 

 
Fig.4 Simulation results of key-shaped component (slurry temperature 590 ℃): (a) Filling volume 10%; (b) Filling volume 30%;  
(c) Filling volume 50%; (d) Filling volume 70%; (e) Filling volume 90%; (f) Complete filling 
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Fig.5 Key-shaped component produced by rheo-die casting 
process: (a) Not filled completely; (b) Filled completely 
 
left key-shaped component near the left core is not filled 
completely. But when the slurry temperature is increased 
to 590 ℃ and the other process parameters are kept the 
same as before, the region of the left key-shaped 
component near the left core will be filled completely, as 
shown in Fig.5(b). The simulation results are in good 
agreement with the experimental filling results, which 
indicates that the apparent viscosity model used in the 
numerical simulation is effective and available. 

From the simulation results and the experimental 
filling results, it can be seen that the appropriate injection 
pressure, the slurry flowing velocity in the in-gate and 
the slurry temperature are necessary to obtain the 
completely filled key-shaped component. The simulation 
and experimental filling results indicate that the 
optimized process parameters used in the key-shaped 
component filling process should be as follows. The 
injection pressure is more than 15 MPa; the slurry 
flowing velocity in the in-gate should be more than 1.73 
m/s and the slurry temperature is over 585 ℃. 
 
5 Conclusions 
 

1) The apparent viscosity model of semi-solid A356 
aluminum alloy slurry is developed and inserted into a 
commercial software Castsoft6.0, and a key-shaped 
component filling process is simulated. The simulation 
results are in good agreement with the experimental 

filling results, which indicates that the apparent viscosity 
model established is effective and available. 

2) The process parameters on the cavity filling of 
the key-shaped components are optimized. The injection 
pressure should be more than 15 MPa; the slurry flowing 
velocity in the in-gate should be more than 1.73 m/s and 
the slurry temperature should be over 585 ℃. 
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