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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 28th CIRP Design Conference 2018. 

Keywords: Assembly; Design method; Family identification

1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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Abstract 

Laser Powder Bed Fusion (LPBF) is a commercially available technology to industry for a selected range of materials only. Opportune to the 
next stage of LPBF will be the development of multi-material capabilities alongside methods for rapid formulation of new materials. To this end 
the present work compares two viable material preparation techniques, namely ball milling and satelliting of powder feedstock, in which a binary 
material mixture is prepared. For both techniques, material handling, flowability and particle size distribution of the mixture are observed 
experimentally. Finally, for the first time initial experimental results with LPBF processing of a Metal Matrix Composite (MMC) composed of a 
magnesium (matrix) and silicon carbide (reinforcement) mixture are presented. 
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1. Introduction 

Laser Powder Bed Fusion (LPBF) processes, such as 
Selective Laser Melting (SLM), are constrained by the powder 
feedstock material that is used. For a selected range of 
materials, such as e.g. Ti6Al4V, AlSi10Mg, Inconel 718, 316L 
stainless steel, processing parameter sets are known and process 
windows have been established [1]. Moreover, effective usage 
of LPBF in industrial applications has already been reported 
[2]. Review articles [3, 4] typically address the following items 
for further industrial application: materials qualification and 
development, design rules, process simulation and modeling, 
process monitoring and quality assurance. This work addresses 
the former: new materials development. Opportune to the next 
stage of LPBF will be the development of multi-material 
capabilities alongside methods for rapid formulation of new 
materials. These are set to liberate the designer in terms of 
material selection. 

Magnesium and its alloys are of increasing interest for 
engineering purposes, because of its lightweight properties. 
However, the strength of magnesium alloys is limited 
compared to other lightweight structural metals. This can be 
compensated for by adding a ceramic reinforcement phase; 
e.g., fibres, particles or a hybrid of both. This then forms a 
Metal Matrix Composite (MMC) with superior properties 
compared to the matrix alone [5]. Magnesium MMCs have 
recently attracted increased research attention, as they have 
significant potential to enable the next-generation automotive 
and aerospace vehicles owing to high specific strength and 
reduced fuel consumption [6]. 

LPBF of magnesium is emergent. First publications in 
which magnesium powder is used appear around 2010. Ng et 
al. [7] first wrote about layer manufacturing of magnesium and 
its alloys, although nothing more than successful melting of a 
track was demonstrated. Most interest comes from the 
biomedical field for which magnesium is a potential implant 
material for biodegradable orthopedic applications [8]. In 2016 
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1. Introduction 

Laser Powder Bed Fusion (LPBF) processes, such as 
Selective Laser Melting (SLM), are constrained by the powder 
feedstock material that is used. For a selected range of 
materials, such as e.g. Ti6Al4V, AlSi10Mg, Inconel 718, 316L 
stainless steel, processing parameter sets are known and process 
windows have been established [1]. Moreover, effective usage 
of LPBF in industrial applications has already been reported 
[2]. Review articles [3, 4] typically address the following items 
for further industrial application: materials qualification and 
development, design rules, process simulation and modeling, 
process monitoring and quality assurance. This work addresses 
the former: new materials development. Opportune to the next 
stage of LPBF will be the development of multi-material 
capabilities alongside methods for rapid formulation of new 
materials. These are set to liberate the designer in terms of 
material selection. 

Magnesium and its alloys are of increasing interest for 
engineering purposes, because of its lightweight properties. 
However, the strength of magnesium alloys is limited 
compared to other lightweight structural metals. This can be 
compensated for by adding a ceramic reinforcement phase; 
e.g., fibres, particles or a hybrid of both. This then forms a 
Metal Matrix Composite (MMC) with superior properties 
compared to the matrix alone [5]. Magnesium MMCs have 
recently attracted increased research attention, as they have 
significant potential to enable the next-generation automotive 
and aerospace vehicles owing to high specific strength and 
reduced fuel consumption [6]. 

LPBF of magnesium is emergent. First publications in 
which magnesium powder is used appear around 2010. Ng et 
al. [7] first wrote about layer manufacturing of magnesium and 
its alloys, although nothing more than successful melting of a 
track was demonstrated. Most interest comes from the 
biomedical field for which magnesium is a potential implant 
material for biodegradable orthopedic applications [8]. In 2016 
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Manakari et al. [9] published a review article on “SLM of 
magnesium and magnesium alloy powders”. Process 
parameters and powder properties were discussed, and 
microstructure and metallurgical defects were described. A 
process map was defined with linear energy intensities – laser 
power (P) over scan speed (v) – between 0.5 and 1 J/mm. 
Reported relative densities of fabricated parts were between 
72.8% and 99.5%. Highest density was achieved for 
magnesium alloy AZ91D using a volumetric energy density of 
166.7 J/mm3, which was believed to be sufficient to break up 
any surface oxide layers. 

In terms of published process parameters, an overview is 
given in Table 1. Unfortunately, not all process parameters are 
shared, likely due to commercial interest; for instance, some 
researchers do not mention specific process details. 

For the aerospace industry, magnesium WEXX alloys are of 
particular interest. They contain heavier elements, such as 
Zirconium, Yttrium and rare earths. These high-strength alloys 
have good mechanical properties coupled with excellent 
corrosion resistance. Typical applications are casings and 
chassis for helicopter transmissions, power systems, 
aeroengines, sports cars, missiles, etc. [10]. As shown in Table 
1, however, the readiness of this alloy in combination with 
LPBF processes is limited. In this work, the focus is on 
magnesium alloy WE43, as this alloy already has good 
mechanical properties at ambient and elevated temperatures. 

To reinforce magnesium, Shen et al. [11] showed a bimodal 
size grained microstructure formed by adding bimodal sized 
SiC particles. Saravanan and Surappa [12] added 30 vol% SiC 
particles of ~40 µm to pure magnesium. Stiffness and UTS of 
the extruded composites were 40% and 30% higher, 
respectively, compared to unreinforced pure magnesium, 
signifying significant strengthening due to the presence of the 
SiC particles. Chen et al. [13] showed that a dense uniform 
dispersion of SiC nanoparticles (14 vol%) in magnesium can 
be achieved through a nanoparticle self-stabilization 
mechanism in molten metal. An enhancement of strength, 
stiffness, plasticity and high-temperature stability was also 
achieved. This resulted in a higher specific yield strength and 
higher specific modulus than almost all structural metals. A 
summary of key results is listed in Table 2. Similar as above, 
most of the work was focused on biomedical applications. 

Magnesium alloys typically have a yield strength of 75-
200 MPa, and a UTS of 135-285 MPa. Magnesium alloy WE43 
is rated at 250 MPa [10]. In this light, the result of Chen et al. 
[13] almost tripling the yield strength is impressive. Finally, the 
elongation at break for magnesium is typically 2-10%. For 

WE43 this is 2% and hence it suffers from a relatively brittle 
failure mode. 

The general working concept of inserting particles, 
commonly up to 15 vol%, into a metal matrix is that relatively 
big, micron-size particles (order 1-10 µm) give the matrix 
strength. Consequently, the brittleness will increase as well. 
Shen et al. [11] showed a significant improvement in both 
strength and ductility by using a bimodal size distribution. 
They inserted nano-size particles in addition to the micron-
sized particles, which results in enhancing the composite’s 
ductility (~8.3%). 

Table 2. Results for enhancing magnesium through a metal matrix composite. 

Reinforcing additive Key mechanical result Source 
1% SiO2 nanoparticles YS: 330 MPa Hung (2006) 
1% Al2O3 nanoparticles UTS: 110 MPa Prasad (2009) 
14% SiC nanoparticles YS: 710MPa Chen (2015) 
Bimodal SiC 1% nano + 
10% micro YS: 323 MPa Shen (2015) 

Mg2Si crystals YS: 629-891 MPa Chelliah (2017) 

2. Materials and Methods 

In this study, SiC was chosen as reinforcing material as well. 
Introducing particle distributions that include nano-size 
particles is a latest development in this area. For LPBF, the 
interaction mechanism between laser energy and nano-size 
particles is however unknown. Moreover, health precautions 
for nano-size particles should be taken as well. Therefore, 
micron-size SiC particles were used as reinforcing material in 
this study. A 10 vol% addition of SiC to magnesium alloy 
WE43 was chosen as the starting distribution, similar to the 
work of Shen et al. [11]. 

Magnesium powder was purchased from LPW Technology 
Limited, UK. The powder was atomized and sieved to obtain a 
size distribution of 20-63 µm. This is a common size 
distribution for LPBF processes. Chemical analysis showed 
3.9 wt% Yttrium, 0.4 wt% Zirconium and 3.8 wt% Rare 
Earths, which is consisted with magnesium alloy WE43 
specifications. 

Fig. 1 shows the results of the SEM analysis of the 
magnesium powder at 500x magnification. The particles 
appear to be spherical, which is good for the flowability during 
layer deposition onto the powder bed. Some particles are 
conglomerated, which is typical for gas-atomized powder. 
Also, from the micrographs the size distribution matches the 
ordered distribution. 

 

Table 1. Overview of magnesium used in laser powder bed fusion processes found in publications between 2010 and 2017. 
Magnesium alloy Power 

[W] 
Scan speed 

[mm/s] 
Layer thickness 

[µm] 
Hatch distance 

[µm] 
Powder size 

[µm] 
Source 

Pure magnesium 26 40 - - 10-45 Savalani (2010) 
Mg-9%Al 15 20 50 80 17-42 Zhang (2012) 
Pure magnesium 50 - - - <45 Gieseke (2013) 
AZ91D 200 333 40 90 59 Wei (2014) 
WE43 230 - - - 25-63 Jauer (2015) 
Pure magnesium 100 3000 - - - Matena (2015) 
ZK60 200 300 20 80 30 Wei (2015) 
Mg-9%Al 20 40 50 80 - Manakari (2016) 
AZ91 90 700 45 35 15-45 Schmid (2016) 
AZ61 80 3 50 50 70 He (2017) 
AZ31 58 103 50 - 45-100 Pawlak (2017) 
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Fig. 1. SEM analysis of magnesium alloy WE43 powder. 

Alpha silicon carbide with a mean particle size between 0.1 
and 1 µm with a purity of 99.0% (Goodfellow Cambridge-
Limited, UK) was used as a reinforcement phase in this study. 
Fig. 2 shows the results of the SEM analysis of the silicon 
carbide powder. From the overview image at 150x 
magnification, particles bigger than the ordered size 
distribution are clearly present within the sampled batch. At 
higher magnification, it was found that the original fine (0.1-
1 µm) powder seemed to have been conglomerated into bigger 
particles of about 50 µm. At high resolution, see inset, this is 
well observed. From these images, we can distinguish the 
original SiC particles in the submicron range. Elemental 
analysis showed that all particles, both agglomerated and 
individual, are indeed silicon carbide, since no contamination 
of other elements was detected. 

 

 

Fig. 2. SEM analysis of silicon carbide powder; inset at 2500x. 

Two approaches to rapidly formulate a multi material are 
compared. Firstly, a batch of magnesium and silicon carbide 
powders was blended using ball milling. 500 g of magnesium 
WE43 powder was mixed with 97.5 g (10 vol%) silicon carbide 
powder. This mixture was ball milled at 30 RPM for 18 hrs. 
Twenty steel bearing balls (Ø10 mm) were added to promote 
the mixing. After ball milling, the powder feedstock was 
analyzed using SEM analysis, as shown in Fig. 3.  

From the overview image at 250x magnification, it can be 
seen that, although SiC and magnesium are blended, relatively 

high concentrations of SiC are present locally. This typically 
depends on the shape of the host particle, in this case the 
magnesium; e.g., where two magnesium particles bridge 
together, a collar filled with smaller SiC is formed (see inset). 
Compared to the original SiC powder, the ball-milling process 
has broken down part of the conglomerated SiC particles. 

 

 

Fig. 3. SEM analysis of ball-milled powder mixture; inset at 1000x. 

A second batch of magnesium and silicon carbide powder 
was blended by so-called ‘satelliting’ [14], specifically for 
preparing blended feedstock materials for (multi-material) 
additive manufacturing. Satelliting aims to provide material 
batches that flow uniformly and consolidate/alloy sufficiently 
upon laser interaction. The working principle of the process is 
illustrated in Fig. 4, compared to simple mixing (e.g. ball 
milling). A finer powder is adhered to a parent powder particle 
by applying a binder to the mixture.  

The satelliting process involved a dry mixing process for the 
two powders (90 vol.% WE43 and 10 vol.% SiC) for 20 min. 
in a tubular mixer. Then, the liquid binder was applied during 
the mixing process. The binder was lab prepared by dissolving 
a 2.7% of polyvinyl alcohol (PVA) in 97.3% water by volume 
(4.05 g PVA in 100 g water). The whole powder was then dried 
using an oven at 100 ℃ for 12 hrs. Therefore, only 
~0.0007 wt.% of solid PVA will remain after the drying stage 
[15], because water evaporates during heating process. 

 

 

Fig. 4. Working principles of simple mixing and 'satelliting' processes. 

Fig. 5 shows the results of the SEM analysis of the satellited 
powder feedstock. In general, the magnesium powder is light 
grey, whereas the SiC shows darker on the image. Compared 
to the ball-milled powder feedstock of Fig. 3, the number of 
conglomerated SiC particles is much larger, supporting the 
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aforementioned conclusion that ball milling actually broke 
down some of the conglomerated SiC. At higher resolution (see 
inset), the adherence of fine SiC powder onto the bigger 
magnesium particle is clearly observed. The image shows a 
good distribution of SiC along the magnesium particle surface. 
Moreover, the adhered SiC is of the selected submicron length. 

 

 

Fig. 5. SEM analysis of satellited powder mixture; inset at 2500x. 

3. Flowability and material deposition 

The deposition and flowability of the powder mixtures were 
examined by depositing thin powder layers using an applicator 
tool, similar to a LPBF recoater, developed in house [16]. 
According to this procedure, a small amount of powder 
(approx. 100 g) was taken from a mixed batch and loaded into 
the manually operated applicator tool. The tool, which is 2 cm 
wide, was slid along a ruler, mimicking recoating conditions of 
an actual LPBF process. Both a rounded (R10) and a truncated 
(70°) recoater blade were tested. The layer thickness was set to 
100 µm and the deposition speed was about 100 mm/s similar 
to real process conditions. 

By observing the quality of the deposited track, a qualitative 
assessment can be formulated for each mixture and type of 
recoater blade. Moreover, by measuring the length of the 
deposited track, the apparent layer density can be computed 
according to: 

tracktracktrack

powder
apparent lwh

m


=  (1) 

where, mpowder is the measured powder mass, and h, w and l are 
the deposited track’s height, width and length, respectively. In 
this case, htrack and wtrack were constant values set to 100 μm 
and 2 cm, respectively. 

Typically for LPBF an apparent layer density of 50% is 
presumed [16]. This means that upon full melting, assuming no 
pores and material losses due to spattering and evaporation, the 
deposited powder layer also shrinks 50%. A higher apparent 
density will result in less shrinkage and a thicker solidified 
powder layer; however, good penetration of the laser energy 
must be maintained. 

Fig. 6 depicts the flowability results of the ball-milled and 
satellited powder mixtures, respectively, using a rounded 
recoater blade. Deposition was performed from left to right and 
the figure shows the end of the deposition track. The white 
markers indicate 1 cm distances. The deposited ball-milled 
powder mixture, Fig. 6(a), shows a repetitive phenomenon. 
Locally increased roughness appears as vertical stripes at 
various locations in the deposited track. This repetition can be 
attributed to powder accumulating (i.e. clogging) in front of the 
recoater blade, which is forced underneath the blade at 
recurring intervals. This repetition could also be felt as sliding 
friction during manual application. Visually, the deposited 
satellited powder mixture, Fig. 6(b), already gives the 
impression that the deposition quality is better compared to 
ball-milled powder. Repeating phenomena do not appear and 
the sliding friction was much less.  

On the right-hand side of the images, the deposited track 
ends with a wavy pattern. In all cases, the end of the deposited 
track was similar to the depicted quasi-linear-decreasing 
profile. For each measurement, the average length of the 
deposited track was determined. The average results of four 
measurements for each powder mixture and type of blade are 
listed in Table 3. The coefficient of variance, as a measure of 
repeatability, was in all cases below 7.5%. For a manual test, 
this is acceptable, qualifying the results consistent and reliable.  

 
 

 

Fig. 6. Flowability results using a rounded recoater blade; a) ball-milled powder mixture (top), b) satellited powder mixture (bottom). 
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From the flowability testing results (see Table 3), two 
conclusions can be drawn: (1) a rounded blade deposits the 
powder mixture better as relative layer densities are higher, and 
(2) the satellited powder mixture flows better compared to the 
ball-milled powder mixture. 

Table 3. Average track results for ball-milled and satellited powders. 

 Avg. track 
length [mm] 

Avg. apparent 
density [kg/m3] 

St. dev 
[kg/m3] 

Relative layer 
density [-] 

Milled / 
Truncated 622.5 654.8 39.9 33.8% 

Milled / 
Rounded 433.8 1034.5 75.5 53.4% 

Satellited / 
Truncated 631.3 773.6 18.5 40.0% 

Satellited / 
Rounded 491.0 1504.8 59.3 77.7% 

4. LPBF of a Magnesium-SiC metal matrix composite 

Initial fabrication tests composed of ball-milled and 
satellited magnesium (matrix) and silicon carbide 
(reinforcement) mixtures were undertaken. Fabrication of a 
magnesium-SiC MMC has not been attempted before; 
therefore, the experimental design for the LPBF process 
parameters was based on the parameter sets listed in Table 1. 
An SLM Solutions 280HL machine was used. Cubic test 
samples were built in order to observe the resulting 
microstructure and distribution of SiC particles within the 
magnesium matrix. While varying both laser power and scan 
speed, 24 test samples were fabricated for each type of powder 
mixture. Laser power and scan speed were varied between 50-
350 W and 300-900 mm/s, respectively. Furthermore, within 
each test cube the hatch distance was varied linearly across the 
length (sideways) of the cube up to 200 µm. Following this 
approach linear energy densities between 0.22 and 0.42 J/mm 
were tested. Based on the flowability results, layer deposition 
was done using a rounded blade. After finishing a layer and 
before recoating, the build plate was lowered 50 μm each time. 

During fabrication using the ball-milled powder mixture, 
some areas of the powder bed were not properly recoated. As 
the recoater used an angled funnel to transport the powder from 
the reservoir to the build plate, this was mainly attributed to 
poor flowability. Excessive smoke was generated during 
fabrication, mostly blown away by the shielding gas; however, 
some recirculation in the build chamber was observed. Based 
on operator experience, it was judged that the Mg-SiC 
produced more smoke than plain magnesium powder. Hence, it 
is likely that some SiC particles, which were smaller and lighter 
than the magnesium particles, were ejected from the melt pool 
during production, also known as spatter [17]. Cracking, due to 
material shrinkage during rapid cooling cycles between each 
processed layer, was observed in all test cubes. 

As expected, recoating using the satellited powder mixture 
went much better. New layers were deposited evenly and 
consistently. Similar to the ball-milled powder mixture, 
excessive smoke generation was observed, as shown in Fig. 
7(a). It was also observed that some layers did not attach 
properly to the previous layer due to cracking caused by 
material shrinkage. The as-built test cubes attached to the build 
plate are shown in Fig. 7(b).  

  
a) excessive smoke generation b) 24 test cubes on build plate 

 
c) High-resolution (500x) cross section by light microscopy 

Fig. 7. Experimental results of LPBF using satellited powder mixture. 

The test cubes were cut lengthwise, as indicated in Fig. 7(b), 
and used to study the cross section using light microscopy. By 
comparing cross sections at similar energy densities, it was 
found that the width of the melt pool was less wide for the 
satellited powder mixture. Hence, less laser energy was 
absorbed by the magnesium particles. Blocking of the laser 
energy could be caused by the satellited SiC particles across the 
surface of the magnesium particles. Energy absorbance of ball-
milled and satellited powder mixtures is likely different. The 
higher apparent layer density and more abundant presence of 
conglomerated SiC could have also influenced this effect. 

Fig. 7(c) shows a cross section at 500x resolution using the 
satellited powder mixture. Dark black features can be 
identified, which, also from their shape, can be classified as 
pores. Round grey features can be classified as agglomerated 
SiC particles that were already present in the unprocessed 
mixture. By comparing micrographs at both 200x and 500x 
resolution, more greyish flakes appear at higher resolution, 
caused by the limited greyscale bandwidth of the microscope. 
As the flakes are not dark black and in the size range of the 
original SiC powder, it is assumed that they are reinforcement 
SiC particles within the magnesium matrix. Such a reinforced 
region is highlighted by the red box in the image. 

Following classification using image greyscale levels, the 
amount of SiC and the amount of pores on the two best test 
cubes were approximated. This was performed at 200x and 
500x magnification at five different locations for each cube. 
Results are listed in Table 4. The amount of SiC measured 
varied around 10%, which is in agreement with the prepared 
batches. More SiC seems to be present at higher magnification. 
This can be attributed to the fact that a better contrast can be 
generated at higher magnification; therefore, the finer SiC 
particles, as indicated within the red box of Fig. 7(c), are now 
identified. Test cube densities that are derived from the amount 
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and size of pores are listed in the table as well, and are in the 
range reported by Manakari et al. [9]. 

Table 4. Percentage of SiC and pores by greyscale-level classification using 
ball-milled and satellited powder mixtures. 

 200x magnification 500x magnification 

 SiC 
[%] 

Pores 
[%] 

Density 
[%] 

SiC 
[%] 

Pores 
[%] 

Density 
[%] 

Milled 
average 7.8 5.3 86.9 12.2 6.4 81.4 

std. dev. 0.6 1.8 1.8 1.7 7.6 7.5 
Satellited 
average 11.2 17.0 71.8 13.8 9.7 76.6 

std. dev. 2.0 4.2 2.9 1.8 2.8 2.9 

 
For the satellited powder mixture, the amount of SiC 

observed is higher at both magnifications. Also, the porosity 
for the satellited powder mixture is higher, although at higher 
resolution the numbers seem to converge. Having more SiC 
agglomerates in the image, might influence the greyscale levels 
and therefore influence the quantified results. Ceramic particles 
may absorb more laser energy compared to metal particles [18], 
thereby causing regions of incomplete melting; i.e. pores. 

Finally, a hardness measurement was performed by making 
a series of small indentations with a load of 25 g using a Micro 
Vickers Hardness Tester. Hardness values of conventional 
magnesium WE43 are known to be around 80 HV. Both the 
ball-milled and satellited powder mixtures are higher, 86 HV 
and 83 HV, respectively. The results however show a relatively 
large spread. Pores and conglomerated SiC particles near the 
indentation zone can influence the hardness measurements both 
negatively and positively; hence, the increased measured 
hardness is not conclusive. It can be seen as a promising 
outcome however. 

5. Conclusions 

A first demonstration of fabricating magnesium-SiC MMC 
using LPBF was performed. Analysis of the fabricated test 
cubes revealed promising results. In terms of blending 
magnesium with SiC and uniform layer depositioning, 
satelliting seems an effective approach of feedstock 
preparation. The magnesium reinforced with 10 vol% SiC 
powder is harder than original magnesium alloy WE43, and 
SiC particulates were observed within a magnesium matrix. 

Using greyscale-level classification, the amount of SiC and 
pores, and part density were determined. Average densities 
were between 81% and 87% for the ball-milled powder and 
between 72% and 77% for the satellited powder mixture. 

Future work will aim at porosity reduction, less excessive 
smoke generation and preventing in-process cracking; e.g., by 
applying build plate preheating. SiC particles without 
conglomerates should be tested as well. 
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