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ABSTRACT

The influence of filters on the mould filling behaviour has been investigated by direct
observation experiments. The ingate system was moulded in a vertically parted vacuum-
sealed sand mould. How the filter in general, and how different filter locations, filter
coarseness, active filter area and filter length influence the mould filling has been clarified.
The direct observation method is a very powerful way to learn how different ingate system
designs and filter conditions affect the mould filling. During mould filling the melt behaviour
was recorded by a video camera through a glass wall, from which still images are presented.
The general effect of filters is a better filling of the ingate system prior to the filter, and a
reduction of the melt velocity, which in turn give smoother filling after the filter. Initially, the
downsprue is completely filled at an early stage of the filling due to the back-pressure from
the filter. The back-pressure is built up as a result of friction in the filter. An early filling of
the downsprue prevents the melt from entraining oxide films or air inclusions. Secondly, the
filling of the runner is improved by the use of afilter. The better filling of the runner is mainly
an effect of the decreased velocity of the melt. The reduction of the melt velocity results in
reduced surface turbulence and less splashing. Reduced surface turbulence and splashing of
the melt prevents incorporation of oxide films and air in the melt, which has an overall
beneficial effect on the quality of the castings. The location of the filter has been found to
play an important role in the filling soundness.
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Introduction

Filters have been used for many years in order to improve the quality of castings. The main
effect of the filter is for many users to remove foreign matter from the molten metal. Foreign
material, also known as inclusions, can cause a variety of problems in the manufacture of
aluminium alloy castings. The actual measurements of filtration efficiency and the cleanliness

of the liquid aluminium alloy is a complex subject, and cannot be dealt with here.

Another effect of using filters that not all users consider is the possibility to control the mould
filling and the turbulence of the melt. Several casting alloys, such as aluminium, magnesium
and ductile iron are sensitive to turbulent mould filling due to the fact that these melts easily
react with the environment, and harmful oxide films are created which may be entrained into
the bulk of the melt. Entrained oxide films usually reduce the mechanical properties and may
lead to more pore formation™. The filters reduce the velocity of the melt, which in turn
reduces the surface turbulence. Reduced surface turbulence after the filter means less risk for

creation and entrainment of oxide films or air in the liquid metal.

Recent work!¥ has suggested that the use of ceramic foam filters in the runner system
increases the reliability of the cast aloy, primarily through the control of the metal velocity
and not by the removal of inclusions. The authors suggest that such filters do not hold back
any significant numbers of inclusions, and that filters may actually increase the number of
inclusions in the casting. For aluminum alloys, where the major inclusions are oxide films, the
filter seems to shred and tangle the films to produce more compact defects, which are then
dispersed throughout the casting. Such dispersed defects are associated with dispersed
microporosity, and they may actually be the cause of the microporosity. %

There are essentialy two mechanisms by which filtration is accomplished — deep bed

filtration and cake filtration, which usually work together.

Cake filtration is the most familiar mechanism, where the filter acts as a sieve, and retains
particles larger than its pore size on the surface of the filter. These retained particles, in turn,
form a sieve and trap particles smaller than the filter pore size. This process continues as a
filter cake builds up on the surface on the filter. Once this cake has started to form, the
original filter works only as a support for the filter cake, which achieves the actual filtration of



the melt. As the filter cake builds up, so the pressure drop across the filter is increased, and
the flow is dramatically reduced, or stopped. At this stage the filter is said to be blinded or
clogged.

Deep bed filtration occurs within the body of the filter medium as the metal flows through the
pores of the filter. Particles are trapped and held by electrostatic forces as they contact the
pore walls. Trapped particles are usually significantly smaller than the filter pore size. This
accounts for the novice's failure to understand why an apparently coarse filter can be
extremely effective in the removal of inclusions of all particle sizes. All that is required for
the electrostatic forces to bond these undersized particles to the walls of the filter pores is for
contact to be initiated. This contact may occur as a result of sedimentation if the particle
weight is such that it istoo heavy to readily follow the flow path of the liquid metal. A second
means of contact is direct impingement, and a third is a reduced velocity effect resulting from

friction at the surface of the pore wall.

The majority of filters used to reduce inclusions in liquid aluminium alloys are, in Europe,
ceramic foam filters. These filters are light, strong, and have large pore sizes. Typically,
ceramic foam filters are available in the range 10-30 ppi. The porosity is measured as the
typical number of pores per inch length of the filter. Coarser filters, having a smaller number
of pores per inch, have higher possible flow rates and resist blinding longer.

The mechanical properties of the cast material can be improved as a result of effective use of
filters. Ductility (elongation) is significantly improved, with a slight improvement in UTS 23,
Filtered metal also produces castings with less variability in the mechanical properties 4.
The reason for these improvements is the fact that inclusions initiate fracture and fatigue
cracking in the casting ®!. Reducing the number of these inclusions by the use of filters will
reduces the number of sites that are capable of nucleating these cracks, and so improves both
the mechanical properties of the cast metal and reduces the spread in these properties.



Experimental set-up

Experimental Apparatus

In the experiment a glass wall and a video camera system was used to observe the mould
filling sequence. Figure 1 shows the experimental apparatus, a) the observation system and b)
the vacuum-sealing moulding machine. The observation system consists of the vacuum-sealed
mould, the glass wall, the supported steel angle and the visualisation system. The visualisation
system was a video camera and two strobe lights. The video camera was able to take 50

frames per second.

Figure 1a. The observation system Figure 1b. The vacuum-sealing moulding machine

Casting geometry

In the present study, the influence of filters on the mould filling was studied. The parameters
that were investigated were the filter location, thickness, active area and the coarseness of the
filter. The casting geometry consists of a pouring basin, a downsprue, a connection between
the downsprue and the runner, a runner, a“slag” pocket or end-wall of the runner, four gates,
four specimens and four feeders. Figure 2 shows the casting geometry. The thickness of the
gating system was 10 mm except for the pouring basin and the feeders. In figure 3 the
dimensions of the specimens are shown.

The geometry was designed for an un-pressurized gating system i.e. (Sprue: runner: gate
= 1.2:2:4). The sprue design took into consideration the gravity effect (1.2 times the



theoretical area at the top), assuming a constant basin depth of 50 mm. The cross-sections of
the gates were designed to keep the melt velocity below 0.5 mV/s without the filter. The
specimens are numbered 1, 2, 3 and 4 from the outside towards the downsprue.

Figure 2. Casting geometry.
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Figure 3. Dimensions of specimens for tensile testing.

Experimental procedures

The pouring starts when the stopper was removed manually from the pouring basin. The
casting alloy used was AISi10Mg, and the mould consists of silica sand, formed by the
vacuum-sealed process. The pouring temperature was 700°C = 10°C. The temperatures during

casting were measured by a type K thermocouple.



Experimental results and discussion

General effects of filters

Figure 4. =030, d 11 c3 p2.
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Figure 6. t=0.68s,d rl c3 p2. Figure9. t=0.94 s L1 30 22.

As seen in figures 4-9 there is quite a difference between the filling sequence in the case of no
filter compared to the case with afilter. The first effect of the filter is that the downsprue is
filled up at an early stage of the mould filling sequence. This has a positive effect on the
soundness of the casting because the risk of air entrapment and creation of new oxide filmsin
the downsprue is eliminated.



Due to friction losses in the filter the melt velocity is reduced. The friction loss can be
represented by a pressure loss, Dp, over the filter. Reduced velocity of the melt usually leads
to less surface turbulence after the filter, and therefore less risk of oxide film inclusionsin the
melt.

The reduced velocity of the melt gives a smoother filling of the runner and a more

simultaneous filling of the specimens.

The runner was almost completely filled before the melt enters the gates. In the case with no
filter the runner is not completely filled until the specimens themselves are half-filled.

Location of filter

In this study four different filter locations were investigated. The filters were sited as follows:

- L1, inthe runner, immediately after the directional change
- L2, inthe runner close to thefirst ingate
- L3, in the downsprue, just before the runner

- L4, in the corner between the downsprue and the runner

The filter width is 22 mm and the coarseness is 30 ppi. In figures 10-21 the filling sequence
for the different filter locations are shown for comparison.
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- Filter location one (L1) shown in figures 10-12 gives an early filling of the downsprue and
furthermore a smooth filling of the runner. The runner is almost completely filled before the

melt enters the gates.

- Filter location two (L2) shown in figures 13-15 gives a fairly turbulent filling of the volume
prior to the filter, and the downsprue is not filled as early as in the case with filter location
one. The filling sequence after the filter is smooth and similar to the filling sequence in the
previous case.

- Filter location three (L3) with the filter in the downsprue, shown in figures 16-18 gives an
early filling of the downsprue. After the filter the melt accelerates and the melt velocity is
quite high. The high velocity of the melt leads to splashing of the melt in the runner, a late
filling of the runner and a sequential filling of the specimens.




- Filter location four (L4) shown in figures 19-21 exhibits a similar filling behaviour as in the
previous case with filter location three. The splashing effect in the runner after the filter is

even more severe than in the case with filter location three.

Effect of filter coarseness

The effect of filter coarseness on the filling behaviour was investigated for 10, 20 and 30 ppi
reticulated foam filters. The filter was located in the runner immediately after the direction-
change after the downsprue in the runner, designated location one above. The filling

behaviour is shown in figures 22-36 below.



Figure 22. t=0.18 s, 10 ppi Figure 27. t=0.18 s, 20 ppi Figure 32. t=0.18 s, 30 ppi
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Figure 36. t=2.00 s, 30 ppi
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The filling behaviour in the case when the filter is placed at location one and the filter
coarseness is 30 ppi has been discussed in general above.

By changing the filter coarseness the pressure drop over the filter is changed and the resulting
flow rate is affected. By increasing the filter coarseness the flow rate is increased, as can be
seen when comparing the filling of the 10 ppi filter with the 20 and 30 ppi filters in figures 26,
31 and 36 respectively.

The filling rate with the 30 ppi filter is almost as fast as with the 20 ppi filter. The explanation
for this is probably the difference in the effective metallostatic pressure as a result of the
different melt levelsin the pouring basins.

- When the filter size and active filter area is the same as the runner cross-section area the
difference in flow rate is very small for the various coarseness of reticulated foam filters.

Effect of the active filter area

Another way to influence the flow reduction for a specific filter is to change the active filter
area. This is usually made by increasing the runner cross-section area prior to and after the
filter. In this work, two different active filter areas have been investigated. Firstly, the active
filter area was equal to the runner cross-section area, shown in figures 37-39, and secondly it
was increased by a factor 2, by increasing the depth of the runner before and after the filter to
20 mm, shown in figures 40-42. The glass wall used is not afused SO, glass in the case with
the doubled active filter area. Instead, it is a hardened soda glass covered with a plastic film.
This is the reason for the large amount of gas bubbles and the cracking of the glass during the
filling. The influence on the mould filling has not been considered, but there is probably a
dlight reduction in wall friction due to the presence of gas between the melt and the glass wall.
The heat transfer is probably reduced as well.
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Figure 41 t=1.00 5, x2A

Figure 39. t=2.00 s, x1A Figure 42. t=2.00 s, x2A

As can be seen in figures 37-39, compared with figures 40-42 respectively, the increase in
active filter area increases the flow through the filter. The increased cross-section area leads to

a decrease in melt velocity through the filter and therefore a decreased pressure drop over the
filter.

- The effect of increasing the active filter area on filling time is very large, as seen in figures

39 and 42, despite the rather poor filling of the pouring basin in the case with increased active
filter area.
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Effect of filter length

The pressure-drop or aternatively the flow reduction caused by the filter is influenced by the
filter length as well as the filter coarseness and the active filter area. In this work three
different filter lengths were investigated in order to clarify the importance of the filter length
on the mould filling. The filter coarseness was 30 ppi and the filter was located at location
one, i.e. in the runner immediately after the downsprue. The different filter lengths used are
22, 33 and 44 mm. The differences in mould filling can be studied in figures 43-57 below.

By increasing the filter length the pressure drop over the filter increases and as a result the
flow reduction also increases. This statement agrees with the experiments. As shown in
figures 47, 52 and 57 the filling with the 22 mm filter has proceeded farther than the others.
When comparing the 33 mm filter and the 44 mm filter there is no clear correlation with filter
length and filling behaviour. The main cause is once again the poorer filling of the pouring
basin for the 33 mm filter.
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Figure 57. t=2.50 s, 44mm

“Figure 47. t=2.50's, 22 Figure 52. t=2.50 s, 33mm
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Conclusions

The influence of filters on the mould filling behaviour has been evaluated by direct
observation experiments. The direct observation method is a very helpful way to learn how
different ingate system designs and filter conditions affect the mould filling.

The general effect of using filters in the ingate system is to reduce the melt velocity and to
ensure that the ingate system is completely filled before the melt enters the gates. Firstly, the
downsprue is completely filled in an early stage of the filling due to the back-pressure from
the filter. The back-pressure is built up as a result of friction in the filter. An early filling of
the downsprue prevents the melt from entraining oxide films or air. Secondly, the filling of
the runner is improved by the use of filters. The better filling of the runner is mainly an effect
of the decreased velocity of the melt. Reduction of the melt velocity results in reduced surface
turbulence and less splashing. Reduced surface turbulence and splashing of the melt prevents
incorporation of oxide films and air into the melt, which has an overall beneficial effect on the
quality of the castings.

The best filter location has been shown to be in the runner directly after the downsprue.
By increasing the filter coarseness from 30 ppi to 20 ppi and finally to 10 ppi the flow-rate
reduction was gradually reduced. This effect is very small when the active filter area is equal

to the runner cross-section area, as was used in this work.

By increasing the active filter area by a factor two, the flow-rate reduction decreases
significantly.

A gradual increase of the filter length leads to a gradually decreased in the flow.
It has been shown that the degree of filling of the pouring basin is very important for the
casting soundness. The melt level in the pouring basin is a determining factor for the filling of

the downsprue. The melt level in the pouring basin may be of more significance than the filter
length and filter coarseness on the flow in the ingate system.
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