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Abstract: In industries like automotive and aerospace,
the demand for structures with a high strength-weight
ratio is increasing. Additive manufacturing (AM) studies
and applications of AlSi10Mgmaterial have increased due
to the improvement of mechanical properties when the
production is performed at high cooling rates in the laser-
powder bed fusion (L-PBF) method. The study aims to
investigate the effect of the AM process parameters on the
microstructure features, and determine the mathemat-
ical relationship between yield strength and process pa-
rameters to obtain better mechanical properties. In this
study, AlSi10Mg specimens are manufactured using L-PBF
method with different process parameters. Microstruc-
ture images of the manufactured specimens are obtained
by scanning electron microscopy. Melt pool width,
eutectic cell size and diameter of Si precipitates are
measured using the microstructure images. Parametric
equations are generated between the process parameters
and microstructural features including eutectic cell size
and Si precipitate diameter. Thus, relationships between
strengthening mechanisms and process parameters are
established by integrating the generated equations into
the related strengthening mechanisms. Consequently, the
yield strength model of AlSi10Mg material is developed as
a function of the process parameters of L-PBFmethod. It is
found that the developed model estimates close results to
the nano-indentation results.

Keywords: additive manufacturing; aluminum alloys; laser-
powder bed fusion; microstructure; strengthening mecha-
nisms.

1 Introduction

Additive manufacturing (AM) is a manufacturing method
that creates 3D objects by adding material layer-by-layer [1].
Metal AM methods have been widely used in structural
applications of automotive and aerospace industries due to
their ability to produce lightweight, optimized and complex
designs [2–4]. Al alloys are frequently used in industries to
produce parts with a high strength-weight ratio [5–7]. In
the laser powder bed fusion (L-PBF) method, manufacturing
is processed at high cooling rates (103–108 K s−1) resulting
fine microstructures. Thus, the structures with higher
mechanical properties canbeproduced byusing L-PBF [8–10].

Previous studies have investigated the change of the
AlSi10Mg microstructures manufactured with different L-PBF
process parameters and cooling rates. Delahaye et al. [9]
revealed the effects of thermal gradient onmelt pool and heat-
affected zone as well as the variations in the size and distri-
bution of Si precipitates in different zones of the microstruc-
ture. Hyer et al. [11] studied the microstructural changes of
AlSi10Mg fabricated with different process parameters. Their
research showed that size and shape of melt pool, cell size as
well as the relative density of the specimens varied depending
on the process parameters. Narra et al. [12] investigated the
relationship between melt pool, cell spacing and cooling rate
with an experimental study to control additive manufacturing
processes. Maamon et al. [13] presented hardness variation of
as-built AlSi10Mg manufactured with L-PBF according to laser
power, scan speed, hatch spacing and energy density, respec-
tively. Wu et al. [14] investigated the effects of process param-
eters on the melting modes and the relationship between
microstructure and mechanical properties using the AlSi10Mg
samples manufactured with different energy densities. The
effects of heat treatment processes have been investigated on
the microstructure of AlSi10Mg to improve mechanical prop-
erties [15, 16]. Finally, process parameter studies have been
performed to optimize themechanical properties and to obtain
sound microstructure [17, 18].

It is necessary to investigate the strengthening mecha-
nisms of AlSi10Mg to deeply understand the changes in me-
chanical properties according to the cooling rate and process
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parameters. During the deformation of AlSi10Mg material,
dislocations accumulate at the eutectic cell boundaries and
around the Si precipitates and resist deformation [19].
Strengthening mechanisms of AlSi10Mg processed by L-PBF
with adding nano-TiB2 are determined as Hall–Petch (H-P),
Orowan and load-bearing mechanisms [20]. The Orowan
strengthening mechanism is identified as the most effective
mechanism to improve the strength of the AlSi10Mg [21].
Hadadzaded et al. [22, 23] reported that similar results to the
tensile test results canbe obtainedbyusingH-P,Orowanaswell
as dislocation-hardening mechanisms for AlSi10Mg processed
by L-PBF. Finally, it is reported that microstructural features
like grain and cell structures of AlSi10Mg are not affected by
thermal cycles during the solidification process [24].

The current literature lacks a detailed description of the
effects of the process parameters of AM on strengthening
mechanisms of AlSi10Mg processed by L-PBF. The study aims
to fill this gap by establishing a mathematical relationship
between process parameters and microstructural as well as
mechanical properties including a detailed investigation
of microstructural properties. This paper is organized as fol-
lows: the methodologies of L-PBF manufacturing, measuring
of melt pool, eutectic cell size, Si precipitate and nano-
indentation (NI) are described in Section 2. Variations of
microstructural features of AlSi10Mg including cell size and Si
precipitates according to laser power, scanning speed and
energy density are also investigated in Section 2. According to
the experimental results, parametric equations are generated
and the equations are integrated into H-P and Orowan
strengthening mechanisms in Section 3. A comparison of the
generated yield strength model and NI test results is also
presented inSection 3. Additionally, the relationbetweenmelt
pool and process parameters is investigated using the
experimental results in Section 3. Finally, the conclusions
drawn from this study are presented in Section 4.

2 Methodology

2.1 L-PBF process

The specimens are manufactured using Concept Laser M2
Cusing machine with 400 W ytterbium (Yb) fiber laser under
argon atmosphere in this study. Scanning speed and laser
power are determined as design variables to examine their
effects. For each parameter, three levels are considered
(see Table 1). Full factorial design (FFD) of experiments is used,
and specimens with the dimensions of 10 × 10 × 10 mm are
manufactured. Powder providedbyConcept Laser Company is
used inmanufacturing. The other process parameters are kept
constant during manufacturing (see Table 2).

Additionally, scanning strategy and contour scan are
canceled to investigate the effects of only laser power and
scanning speed on microstructure features. Laser scanning
is the same for each layer of the specimen and continues
uninterrupted from one edge to another edge (see Figure 1).

Operations of positioning the specimens and assigning
process parameters are carried out usingMaterialise Magics
software. After the manufacturing process, specimens are
separated from the build table using a Mitsubishi Electric
MV2400R wire erosion machine.

Volumetric energy density is used to determine the en-
ergy input. The equation of the energy density used in the
study is given in Equation (1).

ED = P
Vht

(1)

Table : Process parameters (variables) and levels.

Variable Laser power (W) Scanning speed (mm s−)

Level   

Level   

Level   

Table : Other process parameters.

Layer thickness
(µm)

Hatch distance
(µm)

Spot size
(µm)

Pre-heating
temperature (�C)

   

Figure 1: Laser scanning path used in manufacturing.
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with ED: energy density, P: laser power, V: scanning speed, h:
hatch distance and t: layer thickness. The energy density
values of the manufactured specimens are listed in Table 3,
and it is calculated that the energy density variates between
33.93 and 110.12 J mm−3.

After the specimens are prepared, firstly the etching
process with Keller’s reagent is applied to the as-built
specimens. Then, the microstructure images are obtained to
determine the dimensions of Si precipitates, eutectic cells
and melt pools as discussed in the subsequent sections.

2.2 Microstructure and mechanical
properties characterization

Cell size

The microstructure images are obtained with different
magnification rates using Quanta 400 F Field Emission scan-
ning electronmicroscopy (SEM) from the insideof themelt pool
of the specimens produced with different process parameters.
Figure 2 shows the microstructure images corresponding to
Specimen 8. The images obtained with 60 k magnification rate
are used to measure cell size by the image processing method.

Si precipitate

The microstructure images are obtained using FEI Nova
NanoLab 600i SEM with a focused ion beam (FIB) from the
inside of the melt pool of the specimens produced with
different process parameters. In addition, the dimensions of
Si precipitates are measured using the measurement tool
of themicroscope. Themicrostructure images andmeasured
Si precipitates with the microscope tool are shown in
Figure 3, which corresponds to Specimen 6.

Melt pool

Melt pool shape and size can change due to the process pa-
rameters and thermal effects. The melt pool is assumed
hemispherical when the width/depth ratio is below 0.5.
However, when the ratio is above 0.5 the melt pool takes an
elliptical shape due to the key-hole mode resulting defects
within the structures [25]. Melt pool width derived from the
Rosenthal model can be formulated as:

W ≈

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
8
πe

αP
ρCpV(Tm − T0)

√
(2)

with ρ: density, Tm: melting temperature, T0: temperature
far from themelt pool, α: absorption ratio,P: laser power and
V: scanning speed [26].

The images of the top layer are obtained using Nikon
MA100 optical microscope. Due to the hatch distance, the
melt pools intersect with each other; hence, it is not possible
to directly measure the width of themelt pool for multi-bead
specimens. Therefore, melt pool depth is measured and then
melt pool width is calculated by assuming the shape as
hemispherical. Filtering and depth measurement processes
are completed by using optical microscope images obtained
at 100, 200 and 500×magnification ratios for each specimen
in ImageJ software (Figure 4).

Nano-indentation

In this study, NI hardness tests are carried out at 10 points by
moving on a single axis (along thewidth)while remaining in the
melt pool. Before the tests, specimens are ground with 180, 240,
320, 400, 600and 1000-grade grindingpapers, respectively. Then,
the polishing operation is completed with a Struers polishing
machine.NI tests are performedwith amaximum load of 20mN
and a loading/unloading of 40mN/s according to ASTME2546-07
standard using CSM Instrument TTX-NHT NI machine with a
Berkovich diamond indentor [27]. Finally, the Oliver–Pharr
method is used to calculate the hardness and elastic modulus of
the specimens by using force-displacement curves as inputs [28].

Hardness-yield strength relation

In the literature, there aremany studies related to establishing
a correlation between the hardness and strength of the struc-
ture for Al alloys [29–32]. The hardness-strength relation
developed by expanding Tabor’s study [33] is specified in
Equation (3).

σy = (H
3
)Bn (3)

Table : Process parameters and energy density values of the
specimens.

Specimen
ID

Laser power
(W)

Scanning speed
(mm s−)

Energy density
(J mm−)

   .
   .
   .
   .
   .
   .
   .
   .
   .
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withH: vickers hardness (MPa),B:material constant obtained
by experimental studies and n: strain hardening coefficient.

In this study, n and B are taken as 0.252 and 0.1,
respectively, for yield strength calculations [21].

3 Results and discussion

3.1 Results of microstructure and
mechanical properties

Cell size results

Measured eutectic cell size results with respect to laser power
and scanning speed are given in Table 4. It is seen that cell size
decreases when the laser power is kept constant and the
scanning speed is increased. It is also seen that cell size in-
creases as laser power increases and the scanning speed is kept

constant. When the results are evaluated, it is seen that some
points are out of the general cell size trend,whichmight be due
to measurement error. It is also observed that the trends are
consistent with the experimental studies in the literature,
which have shown that as the laser power increases, the
average cell size enlarges and the relation between scanning
speed and cell size is inversely proportional [11, 12, 34, 35].

In AlSi10Mg structures produced at high solidification
rates by melting with laser, Si accumulates at the Al cell
boundaries [36–38]. The cooling rate affecting the micro-
structures is obtained using the Rosenthal model as stated in
Equation (4) [36].

Ṫ = 2πk(Ts − T0)(Tl − T0) v
Qp

(4)

with Ṫ : cooling rate, Ts and Tl: solidus and liquidus
temperature, respectively, T0: plate temperature, v: scan-
ning speed and Qp: absorbed laser power.

Figure 2: Morphology of cell structures in as-built AlSi10Mg obtained with SEM at different magnifications, a) 15kX, b) 30kX, c) 60kX and d) 80kX.
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Equation (4) states that the microstructure can be manip-
ulated by changing the heat input (Qp/v). Equation (5) is used to
calculate the cell size of Al alloys produced at high cooling rates.

λ = a1(Ṫ)−n (5)

with λ: dimension of the cell size, a1 and n: curve fitting
coefficients.

In this study, an exponential equation is used to obtain a
relation between cooling rate and cell size. In the equation
given in Table 5, α is the absorption ratio (0.35 for L-PBF
AlSi10Mg) [36], P is the laser power and v is the scanning

Figure 3: The morphology of cell structures and measured Si precipitates of Specimen 6 by microscope tool from different positions, a) position 1,
b) position 2.

Figure 4: The image taken from the top layer of Specimen 4 with 500x, a) raw image, b) filtering the image and measurement of melt pool depth by
drawing a line.

Table : Cell size results of the specimens.

Cell size
(µm)

Laser power
(W)

Scanning speed
(mm s−)

Energy density
(J mm−)

.   .
.   .
.   .
.   .
.   .
.   .
.   .
.   .
.   .
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speed. The equation format, coefficients of the equation and
the curve fitting accuracy level determining by normalized
rootmean square error (NRMSE) are listed inTable 5. It is seen
that the NRMSE is 18%, where NRMSE is calculated from

NRMSE =
̅̅̅̅̅̅̅̅̅̅̅̅
1
n ∑

n
i=1 (fi − yi)2√

(ymax − ymin) (6)

with n: sampling point, fi: estimated result, yi: experimental
result, ymax and ymin: maximumandminimum experimental
results, respectively.

Since the features and cell sizes change according to the
position in the microstructure and it is not possible to
take images from the same location in all specimens, the
calculated NRMSE value is considered to be sufficient. In
addition, the isometric view and contour results of the fitted
equation are given in Figure 5. According to the studies in the
literature, cell size is proportional to the energy input
[36, 39–41]. In this study, similar to the studies in the litera-
ture, it is found that cell size increases with increasing
energy density or energy input.

Si precipitate results

The thermal conditions related to the process parameters
affect the precipitate density, number and size. It is deter-
mined that precipitate size decreases and the number of
precipitates increases as the cooling rate increases [42]. Ta-
ble 6 shows that as the laser power increases the Si precipitate
diameter also increases, whereas as the scanning speed in-
creases the Si precipitate diameter reduces. In addition, since
the concepts of energy density and cooling rate are inversely
proportional to each other, it is expected that the precipitate
diameter, which is inversely proportional to the cooling rate,
is directly proportional to the energy density. Table 6 also
shows that the Si precipitate diameter increases with the in-
crease in energy density, as expected.

In the existing studies, exponential functions are used
when establishing the relationship between the cooling rate
and Si precipitates [42]. Therefore, an exponential function is
used to calculate the Si precipitate diameter in the study. The
equation format, the coefficients of the equation and the
curve-fitting accuracy level are listed in Table 7. The NRMSE
value is found to be 6.2%, which is considered to be

acceptable. In addition, the isometric view and contour re-
sults of the fitted function are given in Figure 6.

Nano-indentation test results

In the literature, the hardness value of the as-built AlSi10Mg
material processed by L-PBF is measured in the range of
1.52–2.10 GPa [9, 43, 44]. The hardness values obtained by the
NI hardness test of the specimens produced with different
process parameters are given in Table 8. It is observed that
the hardness values vary between 1.56 and 1.84 GPa, and it is
considered to be compatible with the results of the hardness
measurements in the literature.

The hardness value of as-built AlSi10Mg is proportional
to the scanning speed and inversely proportional to the laser
power [13]. Additionally, the hardness value of additively
manufactured Al Alloys decreases with increasing energy
density [45, 46]. Figure 7 shows that the lowest hardness
value is observed in the specimen with the highest energy
density, while the highest hardness value is observed in one
of the specimens with the lowest energy density. In addition,
when an exponential function is fitted using the results,
NRMSE value is calculated as 11.6%.

In this study, the yield strength is estimated by using
Equation (3) with n = 0.252 and B = 0.1, based on using the
hardness-strength relation. When the results of as-built
specimens manufactured with different process parameters
are investigated, it was found that the yield strength is
proportional to the scanning speed and inversely propor-
tional to the laser power [13, 47]. Figure 8 shows for this study
that the yield strength increases with increasing the scan-
ning speed and decreases with decreasing laser power, as
expected.

Melt pool area results

In this study, the melt pool area is measured by assuming a
semi-circular melt pool shape. An exponential function is
used to obtain a relationship between the cooling rate and
melt pool area [12]. The equation format, the coefficients of
the equation and the curve-fitting accuracy level are listed in
Table 9. The NRMSE for the melt pool area estimation is
12.5%. In addition, the isometric view and contour results of
the fitted function are given in Figure 9. It is seen that the
melt pool area is proportional to the laser power and
inversely proportional to the scanning speed as well as melt
pool area is increasing with energy input. These trends,
which are observed according to changes in process pa-
rameters and energy density, are compatible with the
Rosenthal equation (Equation (2)).

Table : Details of fitted eutectic cell size equation.

Equation name Equation format a a R Radj NRMSE

Relation of cell
size and process
parameters

f ðP; vÞ ¼ a
�
αP
v

�a

. . . . .
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3.2 Strengthening mechanisms

Hall-Petch (H-P) strengthening mechanism

According to the Hall–Petch equation, the mechanical prop-
erties of polycrystal metal materials depend on internal fric-
tion stress and grain size in microstructure (Equation (7)).

σ = k̅̅
d

√ (7)

with σ0: resistance to dislocation motion, k: strengthening
coefficient and d: grain size.

Table : Si precipitate diameter results of the specimens.

Si precipitate
diameter (nm)

Laser power
(W)

Scanning speed
(mm s−)

Energy density
(J mm−)

.   .
.   .
.   .
.   .
.   .
.   .
.   .
.   .
.   .

Figure 5: The images of the fitted eutectic cell size function, a) isometric, b) contour.
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The eutectic cell size is used to calculate the H-P
strengthening mechanism of AlSi10Mg material manufac-
turedwithAM[22, 48].When the cell size equation obtained in
Section 3.1 is integrated into Equation (7), the H-P mechanism
becomes a function of the process parameters (see Equa-
tion (8)), where k is taken as 0.04 MPa m1/2 [49].

σH‐P = k̅̅̅̅̅̅
dcell size

√ = k̅̅̅̅̅̅̅̅̅̅̅̅̅
0.0067(αP

v )0.788
√ (8)

The H-P strength values calculated using experimental
results and Equation (8) are listed in Table 10, respectively. It

Figure 6: The images of the fitted Si precipitate diameter function, a) isometric, b) contour.

Table : Details of fitted Si precipitate diameter equation.

Equation name Equation format a a R Radj NRMSE

Relation of Si precipitate diameter and process parameters f ðP; vÞ ¼ a
�

αP
v

�a

. . . . .
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is observed that the difference is approximately in the range
of 2–12%.

Orowan strengthening mechanism

AlSi10Mg structures fabricated with L-PBF have high
strength due to the boundaries of eutectic cells and Si

precipitates that prevent dislocation movement during
deformation [19]. The Orowan strength of Al-Si alloys is
calculated by Equation (9) [20].

σOrowan = φGb
dSi

(6VSi

π
)1/3

(9)

with G: shear modulus (26.5 GPa for Al matrix), b: Burger’s
vector (0.286 nm for Al) [21], dSi: diameter of Si pre-
cipitates, VSi: volume fraction of Si precipitates (2.5%) [20]
and φ: Material constant (0.4 for semi-coherent Si pre-
cipitates) [50].

Table : Hardness values of the specimens.

Hardness
(HV)

Hardness
(GPa)

Laser power
(W)

Scanning speed
(mm s−)

. ± . .  

. ± . .  

. ± . .  

. ± . .  

. ± . .  

. ± . .  

. ± . .  

. ± . .  

. ± . .  

Figure 7: Change of hardness with respect to
energy density.

Figure 8: Change of yield strength with respect to a) scanning speed and b) laser power.

Table : Details of fitted melt pool area equation.

Equation name Equation format a a R Radj NRMSE

Relation of melt
pool area and
process
parameters

f ðP; vÞ ¼ a
�

αP
v

�a

. . . . .
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When the cell size equation obtained in Section 3.2 is
integrated into Equation (9), the Orowan strengthening
mechanism becomes a function of the process parameters
(see Equation (10)).

σOrowan(P, v) = φGb

226.6(αP
v )0.5445 (6VSi

π
)1/3

(10)

The Orowan strength values calculated using experi-
mental results and Equation (10) are listed in Table 11,
respectively. It is seen that themaximumdifference between
the two calculated results is 7.65%.

Figure 9: The images of the fitted melt pool area function, a) isometric, b) contour.

Table : Calculated H-P strengths.

H-P strength (MPa)
(experimental)

H-P strength (MPa)
(Equation ())

Difference
(%)

Energy density
(J mm−)

. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
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Dislocation hardening mechanism

In this study, the dislocation hardening mechanism is
calculated using Equation (11) [22].

σdislocation = βMGb
̅
ρ̅d

√
(11)

with β: strengthening coefficient (0.25 for structures with
multiple slip systems during quasi-stationary deformation)
[51], M: Taylor factor (3.06 for FCC crystal materials) [21]
and ρd: dislocation density which is affected by process
parameters and thermal behavior.

The ρd term is taken as 1.41 × 1014 m−2 for as-built
AlSi10Mg produced by L-PBF [22]. In addition, steady-state
deformation is assumed since the loading rate is kept con-
stant during the NI tests. In this study, dislocation hardening
is constant and calculated as 68.85 MPa using Equation (11).

3.3 Comparison of NI test results and
estimated results

In the study, strengthening mechanisms of the yield strength
model are obtained as a functionof the process parameters by
using experimental results. Measured eutectic cell size and Si
precipitate diameter are used in H-P and Orowan mecha-
nisms, respectively. Thus, the yield strength model of
AlSi10Mgmaterial becomes a function of the laser power and
scanning speed. In the model, σ0 term is independent of the
process parameters (72MPa for Al) and dislocation hardening
is taken as constant. When the equations obtained by curve
fitting using experimental results are integrated into the yield
strength model of AlSi10Mg, Equation (12) is obtained.

σ(P, v) = σ0 + σH‐P(P, v) + σOrowan(P, v) + σdislocation

= σ0 + k̅̅̅̅̅̅̅̅̅̅̅̅̅
0.0067(αP

v )0.788
√

+ φGb

226.6(αP
v )0.5445(6VSi

π
)1/3

+ βMGb
̅
ρ̅d

√
(12)

Table : Comparison of experimentally and parametrically calculated
yield strength of AlSiMg.

Specimen
ID

NI test
results
(MPa)

Estimated
results
(MPa)

Difference
(%)

Energy
density
(J mm−)

 . . . .
 . . . .
 . . . .
 . . . .
 . . . .
 . . . .
 . . . .
 . . . .
 . . . .

Figure 10: Estimated and measured yield
strengths according to energy densities.

Table : Calculated Orowan strengths.

Orowan strength
(MPa)
(experimental)

Orowan strength
(MPa)

(Equation ())

Difference
(%)

Energy
density
(J mm−)

. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
. . . .
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Table 12 shows the yield strength values of the as-built
AlSi10Mg specimens manufactured with different process
parameters calculated using Equation (12). The comparison
of the yield strength values estimated with Equation (12) and
those measured in NI tests shows that the difference
between the two values varies according to energy density,
and the differences range between 1.09 and 14.55%. It is
evaluated that the difference is due to experimental
measurement errors as well as the assumption of the
dislocation hardening mechanism as constant. In addition,
the estimated yield strength values and test results
corresponding to different energy densities are shown in
Figure 10.

4 Conclusions

In this study, nine different process parameter combinations
were determined by FFD design of experiments, and the
specimens were manufactured with L-PBF to investigate
the effects of process parameters on the microstructural
features, strengthening mechanisms and mechanical
properties. Microstructural features of as-built AlSi10Mg
material were determined as eutectic cell size and Si
precipitates formed due to rapid cooling. Therefore, eutectic
cell size and diameter of Si precipitates of manufactured
specimens were measured using microstructure images
obtained by SEM as well as image processing methods.
Moreover, the hardness values of specimens weremeasured
with NI tests to calculate the yield strength. The conversion
of the hardness values measured inside the melt pool to the
yield strength was assessed by using the hardness-strength
relationship. The equations for eutectic cell size and Si
precipitate diameter as a function of process parameters
were obtained using the experimental results. The
parametric yield strength model of AlSi10Mg material
depending on the process parameters was obtained by
integrating the generated equations into the related
strengthening mechanisms. Finally, a comparison was
performed between the parametric yield strengthmodel and
experimental results. Additionally, melt pools were
measured using images taken from the top layers of the
specimens, and the melt pool area equation as a function of
process parameters was fitted using experimental results.
From the results of this study, the following conclusions
were drawn:
– The melt pool area of the specimen increased with

increasing laser power and decreased with increasing
scanning speed. The NRMSE value of the fitted melt pool
function was calculated as 0.125.

– Eutectic cell size was proportional to the laser power
and inversely proportional to the scanning speed. The
error was observed to vary between 2% and 12% when
the cell size equation generated as a function of process
parameters was integrated into the H-P strengthening
mechanism.

– It was observed that the diameter of Si precipitates was
enlarged as the energy density increased. When the
measured results were compared with the estimated
results for the Orowan mechanism, the maximum dif-
ference was approximately 7%.

– According to the NI results, it was seen that the hardness
value was inversely proportional to the energy density
and proportional to the cooling rate.

– The Orowan mechanism, which was affected by Si pre-
cipitates formed due to high cooling rates, was deter-
mined as the most dominant strengthening mechanism
of as-built AlSi10Mg material manufactured with L-PBF.
In addition, it was observed that the H-P strengthening
mechanism was the sub-mechanism that contributed
the least effect on the yield strength.

– When the results of the parametric yield strengthmodel
were compared with the yield strength results obtained
from the NI test results, it was found that the generated
equation predicted the yield strength of as-built
AlSi10Mg material with a deviation between 1% and
14% for different process parameters variations.

In addition to this study, the dislocation density could be
measured and the dislocation hardening mechanism could
be integrated into the developed yield strength equation to
reduce themargin of error by obtaining it as a function of the
process parameters. Moreover, the parameters such as
hatch distance, scanning strategy and pre-heating temper-
ature affecting microstructure and mechanical properties
could be investigated and added to the developed model.
Finally, the developedmodel could be tested by investigating
specimens manufactured with different parameters, and
compared with the studies whose parameters are given in
the literature.
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