The International Journal of Advanced Manufacturing Technology (2024) 134:415-429
https://doi.org/10.1007/500170-024-14128-z

ORIGINAL ARTICLE q

Check for
updates

Experimental investigation and optimization of the effects
of manufacturing parameters on geometric tolerances in additive
manufacturing of AlSi10Mg alloy

Yusuf Siyambas'© - Yakup Turgut?

Received: 17 March 2024 / Accepted: 9 July 2024 / Published online: 20 July 2024
© The Author(s) 2024

Abstract

While the quality of parts produced by additive manufacturing is generally evaluated by surface roughness, relative density,
and mechanical properties, the issue of dimensional accuracy is not examined sufficiently. However, dimensional accuracy
is very important for the final use and finishing of a product. Since the dimensional change mainly occurs due to shrinkage
resulting from the heat energy applied during the sintering process, the effect of production parameters in the additive manu-
facturing method is quite large. To minimize shrinkage and increase dimensional accuracy, manufacturing parameters need
to be optimized and meticulously examined. This study was aimed at determining the effects of manufacturing parameters
on geometric tolerances in the production of parts using the additive manufacturing method. AlSi10Mg powder alloy and
selective laser melting (SLM) technology were used in the additive manufacturing of this alloy in part production. Twelve
different laser powers and scanning speeds, as well as fixed scanning range and layer thickness parameters, were used in
production. In determining geometric tolerances, features such as hole diameter change, deviation from angularity, deviation
from perpendicularity, deviation from flatness, and deviation from parallelism were taken into consideration. As a result of
the study, deviation values increased in high and low laser power/scanning speed combinations. Minimum deviation amounts
were obtained in the range of 250-310 laser power and 785-974 scanning speed, which are the middle values of the param-
eters used. The optimum values of different output responses have been obtained with different production parameters, but
for the final use and quality control approval of the product, it is necessary to determine the input parameters at which all
output responses are optimal. In this process, the gray relational analysis optimization method, which is one of the multi-
criteria decision-making methods, was preferred. As a result of the optimization, the optimum manufacturing parameters
for geometric tolerances were determined as the 290/911 laser power/scanning speed combination.

Keywords Additive manufacturing - AlSi10Mg alloy - Manufacturing parameters - Geometric tolerances - Gray relational
analysis

1 Introduction which has led to the development of different production

methods [1]. Additive manufacturing is used in the manu-

Additive manufacturing, also called rapid prototyping,
has come to a position where different types of plastic and
metallic materials are used with technological developments,
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facture of parts used in the medical, automobile, and aero-
space industries [2]. Selective laser melting (SLM) is an
advanced engineering application in metal-based additive
manufacturing and is a preferred technology among LPBF
methods. In this technology, metal powder is locally melted
with a locally focused laser beam. The SLM method stands
out with its ability to produce parts with complex structures,
good surface quality, and excellent mechanical properties
[3]. In addition, the SLM method is also suitable for mass
production without the need for molds and production equip-
ment, as in casting technology. Studies have also been car-
ried out to produce materials that are superior in terms of
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microstructural and mechanical properties using the LPBF
method [4-6]. The powder content and morphology used
in metal-based additive manufacturing are very important
in terms of product quality. In the literature, it has been
stated that the homogeneity of the powder size contributes
to obtaining a homogeneous layer thickness when spreading
the powder on the manufacturing platform, and the fluid-
ity of the powder has a significant effect on the spread of
the powders on the manufacturing platform [7]. In addition,
various powder shapes (irregular, angular, spherical, porous,
rod-like, etc.) are also formed in powder production. It was
reported that only spherical-shaped powder particles can
provide high fluidity due to the minimum contact area of
irregular powder particles with other powder particles [8].
Many materials have been used in additive manufacturing
methods, and successful results have been obtained with a
small number of material types. AISi10Mg alloy is one of
the materials where successful results are obtained in the
process of reaching the final product in metal-based additive
manufacturing [9]. AlSi10Mg alloy is the preferred material
in many sectors due to its high casting ability, thermal con-
ductivity, high specific strength, good electrical conductiv-
ity, and lightness [10, 11].

AlSi10Mg alloy parts produced in LPBF systems exhibit
better mechanical properties than those produced by the tra-
ditional method (casting) [12]. However, there are important
problems in terms of product geometry in the production
of AlSilOMg alloy parts. These problems arise from size,
shape, direction, and location deviations on the part. If these
deviations are too large, the usability of the part will be
reduced. Therefore, in order for the produced part to func-
tion, these deviations must be as small as possible or within
an acceptable value range. Geometric tolerances are espe-
cially important in the production of parts that form mech-
anisms that work with each other. Because parts that are
not produced within the desired tolerance range will cause
negative effects such as vibration and friction, which will
reduce the usage time of the system. In this case, additional
operations are required to reach the desired tolerance values,
and additional operations cause loss of time and additional
costs [13]. In this context, the subject is very important, and
in-depth research needs to be done.

In order to improve the dimensional quality of parts pro-
duced by additive manufacturing, the variables that affect
the physical process and cause defects must be well known
[14]. In the studies, it has been stated that scanning speed,
laser power, layer thickness, hatching distance, and overlap
ratio are important parameters that affect the surface qual-
ity and dimensional accuracy of the parts produced with
laser-based technologies [15—17]. In additive manufacturing,
since the interaction between the energy given to the system
and the material causes shrinkage, microstructure changes,
and residual stresses in the final product, deviations in the
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nominal geometry of the part are likely [18]. Changes in
manufacturing parameters lead to changes in the cooling
time and accompanying changes in the microstructure. This
result affects the geometric accuracy due to the variabil-
ity of the stresses in the parts. Researchers have conducted
experimental and statistical studies to observe the impact
of manufacturing parameters on dimensional accuracy. The
effects of laser power, layer thickness, and scanning speed
parameters on the relative density and Z direction shrinkage
in the additive manufacturing of 316-L stainless steel mate-
rial with the SLM method were investigated. It has been
stated that the most effective parameter for the shrinkage
rate is laser power, followed by scanning speed and layer
thickness, respectively. It is emphasized that the size and
shape accuracy of the produced parts in the Z direction can
be improved by size compensation [19]. In another study,
the effect of energy density on the dimensional deviation
of 316-L stainless steel parts produced by the SLM method
was investigated. As a result of the study, it was reported
that dimensional deviation (height, diameter, and cylindric-
ity) was greater at high-energy densities [20]. In another
study, a theoretical model was proposed to estimate the accu-
racy obtained in horizontal measurements using the SLM
method. It has been stated that the deviation in horizontal
dimensions is the shrinkage that occurs during solidification
due to the scanning mode and scanning range. To verify the
model, parts were produced with Ti6Al4V material, and the
created model was compared with experimental results. It
has been reported that the model is in agreement with the
experimental results and that thin-walled parts can be pro-
duced with a deviation of less than 20 um using this model
[21]. In another study, the effect of different scanning strat-
egies on the dimensional accuracy of the internal structure
in the production of Ti6Al4V powder material by the SLM
method was examined. The dimensional accuracy of the
internal structure gave better results in samples produced
in the direction of scanning than in samples produced per-
pendicular to the scanning direction. Finite element analysis
was used to verify this result, and it was said that the meas-
urement accuracy increased with the uniform temperature
distribution in the scanning direction. It was determined
that the best results were obtained in the samples produced
with the interlayer scanning angle change strategy [22]. In
an experimental study, the dimensional accuracy and tol-
erance values of parts produced with three different addi-
tive manufacturing methods (LPBF, EBM, and LMD) were
compared. It has been stated that different manufacturing
methods may result in different dimensional accuracy at the
same manufacturing parameters. Additionally, it was con-
cluded that manufacturing parameters have an impact on
dimensional accuracy and surface quality [18]. In another
experimental study, the effects of manufacturing platform
layout, temperatures, and part geometries on dimensional
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change and residual stresses of parts produced with SLM
were investigated. Part production was made in different
geometries using Ti6Al4V powder material at fixed manu-
facturing parameters. It has been determined that the most
effective parameters for residual stresses and dimensional
changes are sudden cross-section changes, rapid cooling,
and part height. It has been determined that the problems
occurring in the parts can be reduced by 70% with additional
coolants [23]. In another study, the effects of manufactur-
ing parameters on part quality in additive manufacturing
of AlSi10Mg alloy using the SLM method were investi-
gated. It has been observed that while dimensional toler-
ances vary between large values such as 0.15-0.195 mm,
the desired tolerance values can be obtained with higher
hatching distances and scanning speeds [24]. In a study on
additive manufacturing of Inconel 718 superalloy, the effect
of layer thicknesses on dimensional accuracy was investi-
gated. It has been stated that higher dimensional accuracy
and density are achieved with lower layer thickness [15]. In
another experimental study, the reason for the low accuracy
in the Z direction in the additive manufacturing process was
investigated. As a result of the study, it was concluded that
the pressure loads applied to the layer stack may cause the
layers to slide downwards. It has been reported that higher
accuracy is achieved with appropriate-sized powder (23 pm)
[25]. In another study, the effect of production parameters
on geometric accuracy (flatness, circularity, cylindricity, and
thickness) in parts produced by the FDM (Fused Deposition
Modeling) method using ABS material was examined. As
a result of the study, it was said that the filling ratio had
a significant effect on geometric integrity [26]. Variable
approaches have been used in tolerance analysis applied to
non-traditional manufacturing processes such as metal-based
additive manufacturing. In LPBF studies, dimensional accu-
racy is evaluated on final components [27, 28] or benchmark
artifacts [29, 30]. The goal of experimental techniques based
on geometric benchmark test artifacts, or GBTAs [31, 32],
is to yield quantitative data on different geometric tolerance
features. The properties of the GBTAs produced are used
to characterize different dimensional and geometric toler-
ances [33-35]. The manufacturing parameter optimization
and ranking that impact geometric tolerances come after the
GBTA tests. The purpose of this information is to optimize
these parameters for the real production process. Shahrain
et al. varied 13 process parameters of a fused deposition
modeling printer and, based on the experimental results for
flatness and cylindricity, the parameters were ranked and
optimized to meet the required geometric tolerance of sub-
sequent prints [36]. In order to determine the features of the
geometric tolerances needed for the additive manufacturing
process, several researchers have reported their experimental
findings utilizing geometric benchmark test artifacts (GBTA)
[37, 38]. In multi-response systems, the parameters that give

the optimum result may vary. In this regard, it becomes dif-
ficult to determine the optimum parameters. Multi-criteria
decision-making (MCDM) approaches are used to solve
such problems [39]. One of these approaches is the gray
relational analysis (GRA) method. The GRA method has
been widely used to solve multi-output problems with high
accuracy. Research shows that the GRA method can be used
to find the most ideal alternative quickly and easily [40—42].

When the studies are examined, it is seen that the effects
of manufacturing parameters on product quality and dimen-
sional accuracy in additive manufacturing processes are
investigated. In order to determine the features of the geo-
metric tolerances needed for the additive manufacturing
process, several researchers have reported their experimen-
tal findings utilizing geometric benchmark test artifacts
(GBTA). However, since geometric tolerances are one of
the most important factors affecting the usability of metal-
based parts, further studies should be carried out to deter-
mine the optimum parameters. In this study, in addition to
the literature, we focused on the effect of laser power and
scanning speed on geometric tolerances in the additive man-
ufacturing of AlISil0Mg alloy and evaluated its performance
properties together. In addition, manufacturing parameters
are simultaneously optimized for performance features such
as hole diameter change (DC), deviation from angularity
(AD), deviation from perpendicularity (PD), deviation from
flatness (FD), and deviation from parallelism (PAD). In
this context, it is aimed at determining the manufacturing
parameters that provide the best alternative using the gray
relational analysis method.

2 Material and method

2.1 Production of parts and determination
of tolerance values

The parts used in this study were produced according to
the manufacturing parameters given in Table 1. Firstly,
the ideal volumetric energy density for additive manufac-
turing of AISi10Mg alloy was investigated in determining
the fabrication parameters. In this context, preliminary
studies on mechanical properties and surface roughness
were carried out, and the ideal volumetric energy density
for this alloy was determined to be 55.82 J/mm?® [43].
It has been stated in the literature that the main param-
eters affecting the dimensional accuracy of metal-based
additive manufacturing methods are laser power, scan-
ning speed, print orientation, and build direction [44].
Since the study focuses on volumetric energy density,
laser power and scanning speed were used as variable
parameters. Then, parts were produced at this volumetric
energy density using different laser power and scanning
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Table 1 Experimental design

. . Part number Laser power Scanning speed Hatching Layer thickness Volumetric
used in the production of parts (W) (mm/s) distance (mm) energy density
(mm) (J/mm?>)
1 390 1225
2 370 1162
3 350 1100
4 330 1037
5 310 974
6 290 911 0.19 0.03 55.82
7 270 848
8 250 785
9 230 722
10 210 660
11 190 597
12 170 534
Table 2 Chemical composition of AlSil0Mg alloy [45]
Element C Cu Fe Mg Mn Ni (0] Pb Si Ti Zn Sn Al
Weight (%) <0.005 <0.03 0.13 038 <0.03 <0.03 0.114 <0.03 10.3 <0.03 <0.03 <0.03  Bal

Table 3 Powder size distribution of AlSilOMg alloy according to
ASTM B822 [45]

Size (um) D10 D50 D90 <5
Min 5 26 45 -
Max 15 36 55 10%

speeds, a fixed hatching distance, layer thickness, and a
67° variable angle scanning strategy. In addition, 0.1 mm
laser beam focus diameter, 1 laser, 30 °C manufactur-
ing platform temperature, and 25-35 °C manufacturing
room temperature were used in the production of the
parts. The AISi10Mg alloy produced by the gas atomiza-
tion method was used in the production of its parts. The
chemical composition of the AISi10Mg alloy is presented
in Table 2. The size distribution of the powder material
used in part production is in the range of 5-55 um, and
its details are given in Table 3. The morphology of this
powder alloy was examined by scanning electron micros-
copy, and it was determined that it had a spherical mor-
phology (Fig. 1). A Concept Lazer-M2 CUSING brand
printer with an SLM system was used in the production
of the parts. The printer has a wavelength of 1070 nm and
a 400W Ytterbium (Yb) fiber laser. The manufacturing
process was carried out in an argon atmosphere to prevent
oxidation.

Prismatic parts were produced to ASME 14.5 stand-
ards to investigate the effect of scanning speed and laser
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Fig.1 Morphology of AlISil0Mg alloy

power on geometric tolerances [46]. The dimensions of
the produced part and the location of the tolerances on
the part are given in Fig. 2. The flow chart followed in
the experimental study is shown in Fig. 3. In addition,
detailed explanations of geometric tolerances are given
in Fig. 4. Diameter measurement change, deviation from
angularity, perpendicularity, flatness, and parallelism
were used in the investigation of geometric tolerances.
Hole number 3 was taken into consideration for diameter
change, and angle number 1 was taken into consideration
for deviation from angularity.

Geometric tolerance values were obtained using a
Hexagon brand Coordinate Measuring Machine (CMM)
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Fig.3 Flowchart used in the research experiment

device with a 2-mm diameter probe. The measurement
accuracy of this device is 1 pm. Three measurements
were taken for the investigated features, and experimen-
tal results were obtained by calculating the average of
these measurements. Figure 5 shows the visual of meas-
uring part 2 with the CMM device. Hole images on the
parts were obtained with an AM413ZT Polarizing Digital
Microscope at 16 X magnification. Deviation values were
calculated to observe the change of measured values com-
pared to nominal values (Eq. 1).

Deviation value = |nominal value — measured value| (1)

2.2 Gray relational analysis

The optimal combination of parameters is very important
in obtaining the required result with the minimum use of
resources. The parameter set that is appropriate for a par-
ticular output may not be suitable for other outputs. In
this regard, MCDM methods are needed to determine the
optimum parameter set. Among MCDM methods, GRA is
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Fig.5 Preparation for measure-
ment of part 2 with CMM
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widely used in solving MCDM problems. The aim of this
study is to determine the manufacturing parameters that give
the best alternative in terms of geometric tolerances using
the GRA method. In the GRA method, the deviation values
first obtained are normalized. The purpose of normalization
is to eliminate variability and bring deviation values into a
comparable range of 0—1. The most important factor to con-
sider in normalization is which approach will be used. In this
study, since the deviation values were desired to be small in
terms of product quality, the lower the better approach was
used in the normalization process. Deviation values were
obtained by subtracting the normalized values from 1. Gray
relational coefficients (GRC) were then calculated. Finally,
gray relational degrees (GRG) were created by averaging the
gray relational coefficient. The equations used in making the
calculations are given below [47—49].

The normalization process can be carried out in three
different ways according to benefit, cost, and optimal situ-
ations (Egs. 2-4).

In the case of the larger the better, the original sequence
can be normalized as follows:

x?(k) - minx?(k)

maxx® minx? (k)

i

x;(k) = @)

In the case of the smaller the better, the original sequence
can be normalized as follows:

maxx? k) — x?(k)

)= — 7 i
1K) maxx® minx?(k) )

i

In the case of the nominal the better, the original sequence
can be normalized as follows:

x?(k) —x9

maxx® — x0)

i

xi(k) =1- )

x?(k) original value at i series k. row, x; (k) after normaliza-
tion value at i series k. row, min x?(k) is the minimum value
at [ series, max x?(k) is the maximum value at i series, and
x° denotes the desired ideal value. k denotes the k. row in the
series at n length. e(xy(k), x;(k)) is the gray relational coef-
ficient at k. point, and is given in Eqgs. 5-8.

_ Amin+ éAmax

£ (o), x,()) = A0+ Ehma ®)
Bik) = [xo0) = 36| ©)
By = ming mim o (k) = 6| Y

A0 = max; maxy|xy(k) — x;(k) (8)
E€is a value between (0,1).j=1,2, ...,m; k=1,2, ..., n. &
function arranges the difference between A, and A, Stud-
ies show the & function does not affect the post-gray relation
degree order [50]. In the last step, the gray relational degree
is calculated by Eq. 9.
1 n

7 (x0) = = X, €6k, (k) ©)
4 (xo, x,-) is a measure of geometric similarity between the x;
and x reference series in a gray system. The size of the gray
relational degree shows a strong relationship between x; and
x,. If the series being compared are the same, the gray rela-
tionship degree is 1. The gray relational degree demonstrates
how the compared series is similar to the reference series.

3 Result and discussion

In this study, AlSi10Mg alloy parts were produced by the
SLM method using different laser power and scanning speed
parameters. The effect of parameters on geometric tolerances
on the produced parts was investigated. The results obtained
from the experimental study are given in Table 4.

When the results were examined, the diameter value was
found to be smaller than the nominal value. The angularity
and perpendicularity values were obtained higher than the
nominal value. Deviation values were calculated by subtract-
ing the obtained results from the nominal values (Table 5).
The calculated deviation values were evaluated separately by
creating graphs of diameter change, deviation from angular-
ity, deviation from perpendicularity, deviation from flatness,
and deviation from parallelism, depending on the manufac-
turing parameters.

3.1 Evaluation of diameter change

The variation of diameter change depending on laser power
and scanning speed parameters in additive manufacturing
of AlSi10Mg alloy is given in Fig. 6. For hole number 3,
the minimum amount of deviation from the diameter was
obtained at the 290/911 laser power/scanning speed com-
bination. This value is the middle value of the manufactur-
ing parameters. As this value increases and decreases, the
amount of deviation from the nominal value increases.
When the hole diameter change is evaluated in terms
of the specified tolerance range, hole size number 3 was
obtained within the tolerance value range in the 6th
part. In the SLM method, the powder material is heated
locally and rapidly above its melting temperature and then
allowed to solidify and cool to form a dense geometry.
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Table 4 Results obtained depending on manufacturing parameters

Manufacturing parameters

Performance characteristics and numerical values obtained

Part no Laser power Scanning speed Diameter change Deviation from Deviation from Deviation from Deviation from paral-
(W) (mm/s) (DC) angularity (AD) perpendicularity flatness (FD) lelism (PAD) (mm)
(mm) ®) (PD) (°) (mm)
1 390 1225 4.708 45.506 91.07 0.023 0.059
2 370 1162 4.633 45.636 90.85 0.020 0.045
3 350 1100 4.716 45.709 91.08 0.037 0.026
4 330 1037 4.749 45.552 90.54 0.006 0.024
5 310 974 4.751 45.370 90.08 0.005 0.017
6 290 911 4.904 45.017 90.59 0.003 0.012
7 270 848 4.793 45.544 91.15 0.010 0.004
8 250 785 4.769 45.432 90.10 0.013 0.021
9 230 722 4771 45.618 91.14 0.015 0.031
10 210 660 4.888 45.487 91.32 0.018 0.045
11 190 597 4.770 45.769 90.83 0.025 0.045
12 170 534 4778 45.649 90.97 0.029 0.067

Thus, internal stresses and distortions occur in the parts
produced due to the nature of the process. One of the most
common approaches used to reduce these negative effects
on the part is optimizing manufacturing parameters [51].
The main parameters affecting the dimensional accuracy
of metal-based additive manufacturing methods are laser
power and scanning speed [44]. Studies have shown that
accuracy tends to decrease as laser power increases and
that dimensional accuracy can be increased to some extent
if high scanning speeds are used [21, 52]. The smaller
diameter variation at intermediate values of the manu-
facturing parameter can be attributed to the formation

Table 5 Deviation and normalized values

of small melt pools, leading to lower shrinkage effects
and therefore higher dimensional accuracy. Also, the hole
images taken from the parts are given in Fig. 7.

3.2 Evaluation of deviation from angularity
and perpendicularity

The variation of angularity and perpendicularity deviation
depending on laser power and scanning speed parameters
in the additive manufacturing of Al1Si10Mg alloy is given in
Fig. 8. When the angularity deviation graph given in Fig. 8a
is examined, the lowest amount of deviation was obtained

Deviation values

Normalized values

Part no DC AD PD FD PAD DC AD PD FD PAD
1 0.292 0.506 1.07 0.023 0.059 0.2768 0.3497 0.2016 0.4118 0.1270
2 0.367 0.636 0.85 0.02 0.045 0.0000 0.1769 0.3790 0.5000 0.3492
3 0.284 0.709 1.08 0.037 0.026 0.3063 0.0798 0.1935 0.0000 0.6508
4 0.251 0.552 0.54 0.006 0.024 0.4280 0.2886 0.6290 09118 0.6825
5 0.249 0.37 0.08 0.005 0.017 0.4354 0.5306 1.0000 0.9412 0.7937
6 0.096 0.017 0.59 0.003 0.012 1.0000 1.0000 0.5887 1.0000 0.8730
7 0.207 0.544 1.15 0.010 0.004 0.5904 0.2992 0.1371 0.7941 1.0000
8 0.231 0.432 0.10 0.013 0.021 0.5018 0.4481 0.9839 0.7059 0.7302
9 0.229 0.618 1.14 0.015 0.031 0.5092 0.2008 0.1452 0.6471 0.5714
10 0.112 0.487 1.32 0.018 0.045 0.9410 0.3750 0.0000 0.5588 0.3492
11 0.230 0.769 0.83 0.025 0.045 0.5055 0.0000 0.3952 0.3529 0.3492
12 0.222 0.649 0.97 0.029 0.067 0.5351 0.1596 0.2823 0.2353 0.0000
Average  0.23 0.52 0.81 0.02 0.03
Standart ~ 0.0731 0.1962 0.4058 0.0104 0.0193

dev

@ Springer



The International Journal of Advanced Manufacturing Technology (2024) 134:415-429

423

Fig.6 Diameter change accord-
ing to manufacturing parameters 0.367
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Fig.7 Hole images taken from parts

at the 290/911 laser power/scanning speed combination.
These values, like the hole diameter values, are the middle
values of the manufacturing parameters. When the deviation
from angularity is evaluated in terms of the specified toler-
ance range, angle value number 1 was obtained within the
tolerance value range in part number 6. Angularity values
generally result in high deviation at high and low values of

the scan power/scan speed combination. When the devia-
tion from perpendicularity graph in Fig. 8b is examined,
the lowest amount of deviation was obtained at the 310/974
laser power/scanning speed combination. When the devia-
tion from the perpendicularity was evaluated in terms of the
specified tolerance range, the desired tolerance value range
was obtained in parts 5 and 8.
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Dimensional change mainly occurs due to shrinkage
due to heat energy applied during the sintering process
[53]. Shrinkage causes internal stress, which affects the
deformation of its parts [54]. Studies have shown that thin
structures and layers are more effective on geometric accu-
racy, and that the production of these structures can be
achieved with a smaller melting pool, and that problems in
the part can be reduced by optimizing the laser parameters
[55]. It has been noted that low energy input and a short
scan line cause smaller residual stress in the parts [56].
In an experimental study, it was stated that as the energy
input increased, higher residual stress occurred in 316-L
stainless steel parts [55]. It can be said that high deviations
in angularity and steepness are caused by dimensional
deviations resulting from residual stresses that occur at
high values of manufacturing parameters. Deviations

@ Springer

occurring at low values of manufacturing parameters can
be explained by the formation of defects due to a lack of
fusion.

3.3 Evaluation of deviation from flatness
and parallelism

The variation of deviation from planarity and parallelism
in additive manufacturing of A1Si10Mg alloy depending
on laser power and scanning speed parameters is given
in Fig. 9. When the deviation from the planarity graph
given in Fig. 9a is examined, the lowest amount of devia-
tion was obtained at the 290/911 laser power/scanning
speed combination. This value is also within the mid-
dle range of manufacturing parameters that are ideal for
other performance outcomes evaluated. Flatness values
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Fig.9 Variation of deviation
from flatness and parallelism
according to manufacturing
parameters
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generally increased at high and low values of the scan-
ning power/scanning speed combination. However, it did
not result in high amounts of deviation as in other perfor-
mance outcomes. When the deviation from flatness was
evaluated in terms of the specified tolerance range, it was
found that it did not exceed the desired tolerance value
in all parts, and low deviation values were obtained in
all combinations of manufacturing parameters. When the
deviation from the parallelism graph given in Fig. 9b is
examined, the lowest amount of deviation was obtained
at the 270/848 laser power/scanning speed combination.
Parallelism values generally increased at high and low
values of the scanning power/scanning speed combina-
tion. This tendency to deviate from parallelism exhib-
ited similar behavior to planarity. When the deviation
from parallelism was evaluated in terms of the specified

tolerance range, it was found that it did not exceed the
desired tolerance value in all parts, as in the deviation
from planarity values, and low deviation values were
obtained in all combinations of manufacturing param-
eters. In metal-based additive manufacturing, surface
roughness largely depends on laser processing parameters
and melt pool control [57].

It has been emphasized that at very high values of laser
power, excessive energy density in the melt pool causes dust
spattering, which can lead to a relatively poor surface qual-
ity [58]. In addition, low surface quality is achieved by the
formation of partially melted powder particles on the part
surface with low energy input [59]. Deviation values from
flatness and parallelism can be explained by the surface
roughness that occurs at high and low values of manufac-
turing parameters.

@ Springer
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3.4 General evaluation of geometric deviations
5 The performance features of diameter change, deviation
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e The minimum deviation in angularity, flatness, and diam-
eter change was achieved at the 290/911 laser power/
scanning speed combination. It has been observed that
the deviation tends to increase at low and high values of
manufacturing parameters.

e Deviation from parallelism was achieved at a minimum
level at the 270/848 laser power/scanning speed combi-
nation. The amount of deviation increased with increas-
ing and decreasing values of this combination.

e The minimum deviation in steepness was achieved at a
laser power/scanning speed combination of 310/974. As
with other performance features, the amount of devia-
tion increased with decreasing and increasing values of
manufacturing parameters.

e With the gray relational analysis method, the optimum
manufacturing parameters for geometric tolerances were
obtained as a 290/911 laser power/scanning speed com-
bination.

e It has been revealed that laser power and scanning speed
parameters are critical for product quality in the additive
manufacturing of AISi10Mg alloy.
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