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Abstract: In order to produce good castings, it is
necessary to suppress the occurrence of casting defects.
One means of reducing the occurrence of casting defects is
the use of a casting filter. Casting filters are expected to
have the effects of rectification, removal of inclusions, and
early filling of the gate. On the other hand, a challenge
arises with the particle-based SPH method in simulations,
where the number of calculated particles required to
analyze mold filling with the casting filter becomes
excessively large. We have reported in a previous study,
that it was recommended that the particle size d in the
calculation be smaller than d=D/16 concerning the casting
filter pore size D. Then, it would be possible to observe the
molten metal behavior passing through the filter. However,
the number of calculated particles is not small even when
d=D/16 is used.
In this study, a “filter scaled model” is investigated to

increase the filter pore size D while maintaining the
permeability on the surface and the porosity of volume. The
permeability on the surface and the porosity of the volume
of the filter are closely related to the pore size of D and the
number of pores of N. If the filter pore size of D becomes
large then the number of pores of N decreases. The flow
behavior passing through the filter is investigated varying
the number of pores of N in the simulation. The particle
fraction in the upper, middle, and lower areas of the filter is
compared to the flow behavior with the visualization
experiment. As a result, the number of calculated particles
can be significantly reduced while maintaining a certain
degree of calculation accuracy.
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1 Introduction
Casting filters are expected to have the effects of
rectification, removal of inclusions, and early filling of the
sprue and runner. However, the designer's know-how or
experience determines the casting plan with the filters. It is
not clear the appropriate specifications of filter type,
aperture ratio, installation position, and other conditions.
Previous studies on molten metal flow through filters are as
follows. Yang et al. [1] investigated the distribution trends
of inclusions in filters from water model observation and
cast-iron casting experiments. Jonas Bäckman et al. [2] also
investigated how different filter positions, filter roughness,
filter effective cross-sectional area, and filter length affect

filling. Further, in the previous studies, Taki et al. [3] have
evaluated filter performance using the particle-based SPH
method. From the report of Taki et al., the particle size of d
in the calculation is recommended to be smaller than
d=D/16 concerning the casting filter pore size of D.
According to the previous report [3], the number of

particles in the calculation is not few even when d=D/16 is
used. In addition, it did not sufficiently examine whether
d=D/16 is appropriate in the terms of calculation accuracy,
calculation time, and memory usage. In this study, a “filter
scaled model” is investigated to increase the filter pore size
of D while maintaining the permeability on the surface and
the porosity of volume.

2 Analysis object and method
The analysis object in this study is the casting geometry
called L-220, which was the visualization experiment in the
previous report [5]. The casting filters are installed at the
sprue. Since it was difficult to analyze the mold filling
behavior for the entire castings due to the huge number of
particles, the simulation at a 1/2 scale is proposed. For the
filter part, the filter 1/4 model is also proposed. The
permeability on the surface and volume porosity of the 1/4
filter model are the same as those of the actual filter. Fig. 1
shows the model used for the calculations. Permeability on
the surface and volume porosity of the filter are related by
using the filter pore size of D and the number of pores of N.
In the present study, a filter scaled model is evaluated

using particle-based SPH software “COLMINA CAE” [4].
The five filter types, which are Strainer filter of 20 t and 12
t, and Honeycomb filter of 100, 200, and 300cpsi, used in
the visualization experiments are investigated. The particle

Fig. 1 The calculation model (L220, filter 1/4 model)
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size in the calculation is used d=D/16. Although the same
value of permeability on the surface and volume porosity of
the filter, the number of pores of N decreases following the
filter pore size of D increases. The number of pores of N is
changed from a minimum of 4(=2×2) until a real number.

3 Result and discussion
As an example of calculated results, Fig. 2 shows the
comparison of flow behavior of molten aluminum alloy
passing through the honeycomb filter 200cpsi by varying
the numbers of pores N. Comparisons of flow behavior
were made at 0.040 s after the molten metal impacted the
top surface of the filter. Regardless of the filter pores
conditions, the flow is observed to split into two types of
flows at the top of the filter, one splitting to the left/right
and one splitting to the inside of the filter, almost the same
as in the direct observation results. The results are affected
by adopting the condition of d=D/16 proposed in previous
research. On the other hand, the simulation results for those
with a small number of filter pores slightly differ in the
actual behavior.
Fig. 3 shows the results for the particle fraction at the

upper, inside, and lower the filter. The particles inside and
lower the filter are those that have passed through the pores
of the filter. From Fig. 3, increasing the number of pores of
N will be almost the same percentage as the permeability
on the surface and volume porosity of the filter. Conversely,
if the number of filter pores of N is decreased to some
extent, the filter performance will be varied. Further, it also

investigated the relation between the position of the molten
metal inlet and filter pores.

4 Conclusion
It is confirmed that the flow behavior of molten metal
passing through the filter is highly reproducible if the
number of pores N in the filter is sufficient to some extent.
It is found that the “filter scaled model” should not only
compare particle fractions but also consider the aperture
ratio of the molten metal inlet. The number of calculated
particles can be significantly reduced while maintaining a
certain degree of calculation accuracy.
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Fig. 2 Comparison of flow behavior of molten aluminum alloy
passing through the honeycomb filter of 200cpsi by varying the

number of pores N.
Fig. 3 Comparison of particle fraction at the upper, inside, and

lower the filter
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