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Abstract: Lightweight materials like Al-Mg composite are attractive especially for aerospace or automotive industry.
Current paper investigates mechanical behaviour of hot-pressed, reactive sintered Al-Mg composite with initial Mg
volume content of 60% using finite element simulation. Conducted numerical simulations study effect of the porosity on
mechanical behaviour. Overall porosity (in percent) is decisive factor for mechanical behaviour of investigated Al-Mg
composite rather than number or size of pores.

1

Introduction

Lightweight materials like Aluminium (Al)Magnesium (Mg) composite are in special attraction of
automotive and aerospace industry [1-4]. Al-Mg composite
combines excellent density of Mg (1.73 g/cm3) with Al
corrosion resistance (density of Al is 2.7 g/cm3) [2,4].
Particulate reinforced metal matrix composites
(MMCs) have isotropic properties, easier processing route
than other metal matrix composites and they are cheaper
than other metal matrix composites [3]. MMCs (with
various reinforcements) can be produced by casting, metal
infiltration, friction stir welding or powder metallurgy [3].
Powder metallurgy has an advantage in controlling matrix
and reinforcement properties like shape and size of the
reinforcement particles, particle distribution and volume
fraction in the matrix [3]. However, an inherent
characteristic of powder metallurgical components is
porosity that influences mechanical behaviour [5-7].
Generally, porosity is characteristic of many engineering
materials like concrete [8-11] or soils [12-16].
One promising technology how to deal with porosity in
powder metallurgy is the usage of pressure-assisted
reactive sintering [17] - practically porous free samples
with relative high density were produced for instance in
[18,19].
Pressure-assisted reactive sintering was used to
produce many (also non-metal) composites such as ZrB2–
SiC–ZrC [20], B4C/Li2O–Al2O3–SiO2 [21], Al-Si [22],
ZrB2–SiC–ZrO2 [23], TiC/Ti3SiC2 [24] or reinforced Al
matrix composites [3] [25]. Depending on material and
processing conditions, porosity varied between 2.4% [21]
and 26% [24]. Al-NiO composite had a porosity between
5-8.7% [25] and no porosity measurement was conducted
for Al-Mg composite in [3]. Contrary to discussed effect of
the porosity on the mechanical behaviour in additive
manufacturing (AM) [26-27], it seems to be relatively lack
of the information about the quantitate effect of the
porosity on the mechanical behaviour of the Al-Mg
composite produced by pressure-assisted reactive
sintering. Therefore, the aim of the paper is studying effect
of the porosity on the mechanical behaviour of Al-Mg

composite. Mechanical behaviour of Al-Mg composite
with initial Mg volume content of 60% is investigated
using FE simulation.

2

Finite element and material model

2D finite element (FE) model consists of one square
shaped part with size of 100x100 µm with plane strain
thickness of 100 µm. Pores are embedded in the model as
free space in the solid volume. Pores positions are created
with Python numpy library with uniform distribution over
the size of the FE model (100x100 µm) and imported to FE
software Ansys. The size of the pores is chosen to produce
1% and 2% porosity is the FE model. 10 and 20 pores are
created in the FE model with diameter d approximately
3.57 µm, respectively 5.05 µm. FE model is fixed at the
bottom edge and loaded on the top edge with tensile
loading 400 MPa. Mesh element size is 1 µm in the whole
FE model. Scheme and size of the FE is shown in Figure 1.

Figure 1 Scheme and size of the FE model. Legend describes the
size of the pores in the FE model. 1% and 2% porosity is
created in the FE model by varying the pore diameter d and
number of pores. FE Model is loaded on the top edge with
tensile load 400 MPa

Material model is based on the measurement presented
in [3]. There were Al and Mg powders blended by
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planetary ball mill at rotational speed 100 RPM under
argon atmosphere for 1 hour, hot-pressed at temperature
673 K under pressure 640 MPa for 10 minutes under Argon
atmosphere and reinforced with Al3Mg2 and Al12Mg17
intermetalics produced during the pressure-assisted
sintering process. Details about the production process and
produced microstructure are described in the referenced
paper [3].
Figure 2 shows material model of Al-Mg hot-pressed,
reactive sintered composite with initial Mg volume content
V=60% taken from [3] (Denotes as “Shahid2018” in the
legend).

Figure 2 Al-Mg hot-pressed, reactive sintered composite with
Mg volume content V=60%. Measured data is taken from [3].
Measured data is linearly fitted with a resulting coefficient of
determination R2 greater than 0.99

Measured data is linearly fitted with a resulting
coefficient of determination R2 greater than 0.99. Value
45615 represents according to Hooke´s law Young´s
modulus E. Hence, the material behaviour is (almost) linear
elastic, the linear-elastic material model is used in the FE
simulation. The yield strength Ϭy and tensile strength ϬTS
are both set on 574 MPa (see Figure 2).

3

Results

Stress behaviour is for comparison expressed by safety
factor simply as F=Ϭ1/ϬTS (Maximum tensile stress failure
theory), where Ϭ1 is maximal principal stress. It can be
shown that Ϭ1 corresponds with ϬY (stress component in
the loading direction, see Figure 1). Maximal principal
stress criterion has been identified as suitable for
describing failure in presence of defects (pores) in brittle
materials [26,28].
Presented Safety factor can be viewed only as a
comparison measure among presented model variations.
Figure 3 shows Safety factor F distribution for 1%
porosity FE model with pore diameter d=3.57 µm.
Distribution of the safety factor around all pores show
similar behaviour – Minimum safety factor F is calculated
perpendicular to the loading direction. Pores are stretched
in the deformation direction (Y-Axis). It can be assumed
that crack would start to initiate and growth in Mode I from

the marked position with minimum safety factor where
maximum principal stresses occur.
According to given safety factor definition: F=0.44572
gives maximal principal stress Ϭ1 approximately equal to
1288 MPa. Safety factor outside pores lies approximately
between 1.2 1.4 in almost whole FE model.

Figure 3 Safety factor F distributions in FE model with detailed
view on the most critical position. Minimum calculated safety
factor F=0.44572 corresponds with maximum principal stresses
approximately of 1288 MPa. Safety factor (stress) distribution is
similar around all pores in the FE model

Figure 4 shows summarisation of the results. Minimum
safety factor F is in free porous FE model (0% porosity)
approximately 1.4. It corresponds roughly with maximum
principal stresses Ϭ1 of 400 MPa. 400 MPa is given loading
in the FE model - the FE model is verified.
Figure 4 shows a minimal safety factor for 0% (porous
free FE model), 1% and 2% porosity. Free porous FE
model gives the highest safety factor almost 1.4 and the
smallest safety factor 0.365 is calculated for 2% porosity
with 20 pores (d=3.57 µm). Pores reduce safety factor
significantly going from free porous FE model to 1%
porosity. Porosity is changed negligible between 1% and
2% porosity. Values are taken from whole model and a
minimum value is not located in the one position.
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element simulation. Simulations show that overall porosity
(in %) has a more pronounced effect on the mechanical
behaviour than number or size of pores. The effect is more
prominent for stress behaviour (expressed through Safety
factor F) than for displacement.
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µm) gives the smallest safety factor. The highest safety factor is
calculated for free porous FE model

Figure 5 shows Maximal displacement Uy in the Y
direction (see Figure 3) for free porous FE model, 1% and
2% porosity. Highest displacement is calculated for 2%
porosity with 10 pores (d=5.05 µm). Smallest displacement
is calculated for free porous FE model.

Figure 5 Maximal displacement Uy for 0% (free porous FE
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Conclusions
This paper investigates effect of porosity on the
mechanical behaviour of hot-pressed, reactive sintered AlMg composite. Al-Mg composite with initial Mg volume
content of 60% has been investigates by means of finite
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