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Abstract

Metal fiber preform reinforced aluminum alloy composite as made by the infiltration of molten metal under low
pressure casting process. The infiltration behavior of filling pattern and the velocity profile with low-pressure casting
process was investigated. The thermocouple was inserted into the preform in order to observe the infiltration behavior.
The infiltration of applied pressure time, 1, 2 and 5 s under constant pressure of 0.4 MPa was completely filled during
0.4 s. In these conditions, molten aluminum alloy has successfully infiltrated to FeCrSi metal tiber preform by low­
pressure casting process. It was observed the porosity of composites for reliability of composites. The automobile
piston was developed with FeCrSi reinforced aluminum alloy that is 0% porosity by the optimal applied pressure and
applied pressure time.
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1. Introduction

Recently, technique is advancing in the aviation,
space development, automobiles, and electronic
technologies, Hence, development of thermal and
wear resistant material are being demanded for
lightweight. Compared to other types of materials,
development of metals with good productivity, low
cost, high durability, good heat resistance, and wear
resistant have continuously been demanded. There­
fore, metal matrix composites (MMC) and fiber rein­
forced metals (FRM) have been actively conducted to
satisfy these characteristics. [1-4]
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Especially light weight alloys such as aluminum
alloys have good specific strength and specific
stiffness. Therefore, aluminum alloy has been used as
a favourable material for development of lightweight
materials. [5-7]

Production method of MMC reinforced by
whiskers or short fibers can be classified into solid
phase method and liquid phase method. Solid phase
method was proceeded by powder sintering and liquid
phase method was proceeded by spark, solution
method, agitation of melted aluminum, compo­
casting and pressure infiltration. Powder sintering has
a great advantage in which whiskers can be arrayed in
uniform direction [8-9]. However, as production
process is complicated, production cost is high. In the
melt stirring method, this process is relatively simple
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Fig.!. (a) Equipment oflow pressure casting and (b) process diagram oflow pressure casting.

Table 1. Property of FeCrSi metal fiber.

1695

Diameter (um) Density (Mg/m') Thermal conductivity(W/m-K) Thermal expansion (J("')

40 7.32 11.8 11.5x10-4

and high cost performance compared to the other
methods. However, there are many problems in the
reaction or wettability between the molten metal and
reinforcement and dispersion of the reinforcement.
Therefore, application of melt stirring method has
been delayed. In pressure infiltration, the preform can
be applied to make compounding part. The fact that it
can modify and strengthen needed region in the
product is a big difference of this method from the
others. Also, the squeeze casting is simple to be
applied with relatively low production cost. It can be
considered to be the most suitable method for
application compared to other methods. The studies
on the operation of the pressure casting process are
very few. The pressure required to fill a casting in low
pressure can be separated in two stages to exert
pressure to force the molten metal into the mold. The
second stage is to add additional reduced pressure to
air vent. Then a computer simulation for the pressure
distribution with direct [mite difference method
(DFDM) had been developed. While the pressure
distribution is calculated by numerically solving the
equations, the pressure required at the gate can also be
computed. Ultimately, an optimal pressure-porosity
relation for the filling of low pressure casting under
consideration can be obtained.

The purpose of this study was to fabricate the
composite with porosity 0 % by low pressure casting.

Ultimately, an optimal pressure-porosity relation,
pressure-porosity curve, under low pressure casting
can be obtained. So, in this study, pressure
distribution in preform was calculated by DFDM
based on Darcy's law.

2. Experimental method

2.1 Materials and experimentalprocedure

Fig. I shows schematic diagram of a typical low­
pressure casting. Fig. l(a) was low pressure casting
machine including usually a pressurized mould,
compressor, vacuum pump and air vent that is
removing the air in the preform before applying
pressure. Fig. l(b) was process diagram of low
pressure casting. For removing the air in the preform,
it was carried to reduce pressure about -0.09 MPa at
the air vent for 5 s after pouring molten aluminum
alloy. Then the pressure of 0.4 MPa was applied from
the top. The preheating temperature of the preform
was 400°C. The preform was set in the metal mould.
The temperature of this mould was about 200°C. The
molten aluminum with 750°C was poured into the
mould. The filling velocity measurements were
conducted by thermocouple with I mm diameter that
was put in the preform of 8-piece hole.

Table 1 shows the property of FeCrSi metal fiber.
AC8A (AI-II-13% Si-0.8-1.5% Ni-0.8-1.3% Cu-
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There is plate on the preform. In previous study, the
molten aluminum flowing from different directions
impinges each other in the preform and then the
turbulent flows are generated.

Fig. 3 shows Darcy's flow by direct finite difference

method (DFDM). Eq. (I) described the viscosity of
molten alloy and the gravity and the pressure
difference between molten alloy and air vent. So,
pressure distribution in preform was calculated by
DFDM. When solving this Eq. (2), Eq. (3) can be
obtained,

Therefore, Eq. (4) which can calculate the inner
pressure distribution of the preform is determined by
Eq. (2) and Eq. (3).

The distribution of pressure in preform should be

found as the flow of molten alloy inside preform
because infiltration occurred the pressure difference
between applied pressure and air vent pressure. Fig. 2

shows schematic drawing of low pressure casting
system used in this study for removing the air in the
perform. It was carried to reduce pressure about -0.09
Mpa at the air vent. Therefore, the filling velocities by
applied pressure time of 1 s, 2 s and 5 s are
investigated under constant pressure of 0.4 Mpa.
Thermocouple was used to measure the variation of
temperature, which indicates the filling velocities
when molten alloy was infiltrated in the preform. The
molten alloy was infiltrated from the side and bottom
ofperform. The upper preform was not infiltrated.

0.7-1.3% Mg) aluminum alloy was used as a molten
metal to infiltrate the preform.

2.2 Analysis ofpressure distribution inside preform
by medal
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Fig. 2. Schematic drawing of low pressure casting system
used in this study (Unit: mrn),

Fig. 3. Darcy's flow by DFDM.
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3. Results and discussion

3.1 Porosity

The infiltration time at pressure accelerating times
of 1 sec, 2 sec and 5 sec was investigated under a
constant pressure of 0.4 MPa. Porosity of the
completed composite was evaluated by low-pressure

casting testing according to infiltration times. Porosity
was evaluated by scanning electron micrograph
(SEM) and the optical microscope. The composite
has some pores caused by solidification and imperfect
infiltration. Fig. 4 shows relationship between porosity
by solidification and applied pressure acceleration
speed. Porosity is caused by solidification of molten
alloy around the reinforcement. It can be seen that
there are numerous pores at the beginning of
infiltration in the preform that evaluated the effect of
reducing pressure. Molten alloy was infiltrated by
reducing pressure for 1.35 sec. Then the reducing
pressure revived to O.IMPa, and infiltrated molten
alloy was infiltrated again after 5 sec by applying
pressure. Porosity occurred this part, which happened
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Fig. 7. Optical micrographs of porosity in composites

fabricated by low pressure casting with (a) O.4MPa, (b)

0.6MPa, (c) 0.7MPa and (d) 0.8MPa.

solidification around fiber by re-infiltrated molten
alloy. Porosity by solidification was decreased the
accelerating times Isec compared with 2sec and 5 sec.
Fig. 5 shows relationship between porosity by im­
perfect infiltration and applied pressure acceleration
speed. Numerous porosities were observed at the side
of the mould compared with the beginning of
infiltration inside the preform. Moreover, the applied
pressure was not sufficient to the air vent part.
However, in the case of the pressure accelerating
times of I sec, a small porosity was observed
compared with those in the cases of 2 sec and 5 sec.
Furthermore, the pressure accelerating times of Isec
induce high pressure compared to 2 sec and 5 sec.

Fig. 6 shows the results of porosity in the
composite fabricated under applied pressure of 0.4
MPa to 0.8 MPa. Pressure accelerating time is fixed
by 1 sec. in the case of an applied pressure of 0.8
MPa, there was no porosity in the composite
compared to other applying pressures. Fig. 7 shows
optical micrographs of porosity in composites
fabricated by low pressure. Fig. 7 shows optical

micrographs of porosity in composites fabricated by
low pressure casting with (a) 0.4 MPa, (b) 0.6 Mpa,
(c) 0.7 Mpa and (d) 0.8 Mpa. In the photograph of
optical microscopy there is no porosity at the applied
pressure of 0.8MPa. Under these conditions, FeCrSi
fibers preform have been successfully infiltrated by
A3660.0 molten alloy using the low-pressure casting
process.

3.2 Pressure distribution in preform

The distribution of pressure in preform should be
found as the flow of molten alloy inside preform
because infiltration induced the pressure difference
between applied pressure and air vent pressure. Fig. 8
shows pressure distribution, which is calculated by
DFDM inside the preform.

This result shows pressure distribution contours in
the y-z section of preform at steady state for the
constant pressure, 0.4 MPa. Fig. 8(a) shows the
results of pressure distribution contours without
barrier plate and air vent, which was located 5 em
away from right mold. Air vent dimension is 5 ern, In
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Fig. 8. Pressure distribution inside preform at state steady for
constant pressure, O.4MPa. (a) without barrier plate and air
vent size, 5mm (b) with barrier plate and air vent size, IOmm.

the case of air vent, which is located Scm away from
right mold, pressure distribution contours was
indicated the elliptical shape as the center of air vent.
Fig. 8(b) shows the pressure distribution contours
with barrier plate on preform and air vent, which was
close at the right mold. Air vent dimension is 10 em.
In the case of air vent close at the right mold, pressure
distribution contours indicated linear shape as the
center of air vent.

3.3 Relationship between pressure distribution and
porosity

Fig. 9 shows the relationship between the pressure
distribution inside the preform calculated by DFDM
and local pressure inside preform. FeCrSi metal fiber

reinforced MMC piston with porosity of 0% was
obtained by low-pressure casting method. From this
result, pore inside preform was decreasing as
increasing pressure. It was found that pore occurrence
depends on pressure [10]. This shows that some
breakage penetrates reinforced material in the
compound material but most of breakage develop
avoiding the reinforce material. As a result, it infers
that the excellent wettability of reinforced material
and matrix interfere the process of breakage. This is
the cause of increasing the fatigue strength life. The
fatigue life of head part in compound piston will be
improved compared to A366.0 alloy by increasing the
fatigue life and generating power of the piston. There
was perfect infiltration in the preform. Furthermore,
composite with 0% porosity could be fabricated under
the conditions of optimal applied pressure of 0.8 MPa
and pressure accelerating times of I sec.

Fig. 10 shows the engine piston with FeCrSi rein­
forced aluminum alloy composite. The dark region in
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the piston, which is in the upper edge of the piston, is
the composite part. High fatigue strength and a good
wear resistance at high temperature is required for this
part. Usually, the mechanical properties and reliability
of composites are related to porosity. Accordingly, in
this study, automobile piston reinforced FeCrSi fiber
can have 0% porosity under the optimum fabrication
condition.

4. Conclusion

The aim of this paper is to establish the optimum
fabrication condition by the low-pressure infiltration
and analyze the infiltration behavior theoretically.
From this result, FeCrSi/AC8A composite piston with
porosity of 0 % was fabricated by low pressure
casting. The present work has made the framework of
simulation of low pressure infiltration of molten
aluminum alloy to porous preform. The primary
results are summarized and further analyzed as
follows.

(1) Two types of pores are observed, that is porosity
due to solidification and imperfect infiltration.
The porosity of solidification was less than 0.1 %,
which is independent to the pressure accelerating
times (1 sec, 2 sec and 5 sec). The porosity of
imperfect infiltration was the smallest at the
pressure accelerating times. Pressure distribution
inside the preform with barrier plate and without
barrier plate was calculated by DFDM. There is
no difference between pressure distribution with
and without barrier plates. Furthermore, the effect
of air vent location was evaluated.

(2) The inner pressure of the perform was calculated
by DFDM using Darcy's equation, and the
pressure gap appeared more by reducing the
pressure.

(3) In this study, the developed automobile piston
with FeCrSi metal fiber reinforced aluminum
alloy composite can have 0 % porosity under the
condition of optimal applied pressure of 0.8 MPa
and applied accelerating time of lsec.
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