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Abstract. In many areas of the industry, especially in the aviation sector, mechanical components
have to work under harsh environmental conditions. In addition to being exposed to extreme
environmental conditions due to the environment in which they operate, the basic components of
aircraft have to take into account many engineering details such as high strength expectations,
speed and impact problems under the influence of hard particles. In addition, the geometries of
parts in aircraft can be quite complex and detailed shapes. For this reason, it makes sense to utilize
different manufacturing processes to create the final shapes of the components. In this study, a
research was carried out to determine the solid particle erosion wear behaviour of In718 test
specimens representing the material properties of jet engine turbine blades in aircraft by alternative
manufacturing methods and to interpret the results obtained by performing experiments. In718
alloys with horizontal (0°), vertical (90°) and angular (45°) orientation were produced by selective
laser melting, a layered powder-based additive manufacturing method, and test specimens were
produced by casting, a conventional method. These specimens were subjected to solid particle
erosion tests using three different sizes (500 g, 1000 g and 1500 g) of A1203 abrasive particles at
30° impact angle. Surface topography and macroscope images were used to interpret the results
of the surface differences obtained at the end of the experiments. Consequently, the layer
orientation in additive manufacturing and the additive manufacturing method were compared with
parts produced by a conventional method in terms of erosion rate. In addition, it was concluded
whether the surface damage that occurs in erosive wear depending on the impact angle has a
ductile, semi-ductile or brittle character.

Keywords: additive manufacturing, selective laser melting, solid particle erosion wear, Inconel
718 alloy.

1. Introduction

Mechanical components are subject to solid particle erosion wear in many industrial
applications. Solid particle erosion wear can be observed in many areas such as gas turbine engine
compressor blades in aerospace applications, metal parts like wheels and front panels in
automotive industry, conveyor systems in the factory environment or plastic injection machine
components [1]. These applications have a primarily metal-based material structure and complex
part geometry. Metallic and complex geometry parts are difficult and costly to manufacture using
traditional methods. Many production processes may be required to create the final shape [2]. In
this direction, developments in recent years have led to new manufacturing methods and additive
manufacturing methods known as layered manufacturing have been developed. Additive
manufacturing technologies are becoming popular today thanks to its advantages such as creating
the final part geometry in a single operation and responding to need for rapid prototyping in critical
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applications such as aerospace.

When aviation applications and aircraft are examined, compressor blades have a highly curved
shape and amorphous material structure in terms of part geometry in gas turbine engines [3].
Powder based additive manufacturing methods facilitate production of such parts. In addition,
suitabiliy of powder additive manufacturing techniques for aircraft is also important in terms of
material utilization. Titanium and nickel alloys are used in many critical components of aircraft
other than engine compressor blades. In the known literature, Ti6Al4V or Inconel 718 and 625
nickel alloys are used in aircraft mechanical components such as coolant gas pipe, high pressure
turbine disc, fan body, fan transmission shaft [4]. Since machining titanium and nickel alloys by
machining or other routine manufacturing processes is time consuming and costly, powder based
additive manufacturing can be used to produce these components.

When operating environment of the aircraft jet engine structure is considered, mechanical
components inside vehicle can interact with hard solid particles. As a result of the abrasion caused
by collision of the blade structure in the engine with solid particles in relative motion againts it,
structure is damaged and becomes unusable below expected service life [5]. Therefore, it is
necessary to examine erosive wear of the structure. The investigation of the erosion wear of
Inconel 718 nickel alloy that subject of this study is derived from this.

While In718 alloy can from whole structure, it can also be used as a coating material on the
structure by mixing various powder materials into it in powder form. In718 coating also has its
counterpart in various sectors, especially aerospace [6-9]. The behaviour of structure due to solid
particle erosion of material in the structure is among topics investigated in the literature. In a study,
In718 alloys produced by an additive manufacturing method known as selective laser melting
(SLM) were heat treated in three different ways: double aging, double aging and solid solution,
double aging and solid solution and homogenization heat treatments. As a result of tests, erosion
mechanism of three different structures and erosion rates depending on particle impact angles
were discussed. Consequently, it was observed that wear peaks at 45° impact angle [10]. Academic
studies have diversified by including many parameters in research on the subject. Erosive
behaviour of In718 alloys at high temperatures has been investigated [11, 12]. When studies are
examined, In718 alloy produced by additive manufacturing has been used both as entire structure
and as a coating material by ceramic or various materials into steel layer. Solid particle erosion
tests were performed on obtained samples at various impact angles under effect of 400°C-800°C
high temperatures. Within scope of common result obtained from the studies, it was observed that
weight loss and erosion rate increased depending on temperatures increased [13, 14].

In718 nickel alloys are widely used in aviation industry. Factors such as high strenght,
resistance to high temparatures and corrosion resistance of material provide reason for material to
be preferred in high altitude environment conditions. Micron sized solid particles cause material
to be subjected to erosive wear in environment. During collision with hard particles, fracture
mechanisms such as crack initiation and lip formation start to develop on surface. Lip formation,
platelet detachment and crack sharpening mechanisms predominantly occur on surface at an
impact angle of 90° in solid particle erosion behaviour [15, 16]. The positive contribution of these
emerging damage mechanisms is to delay rate of erosion. Fragmentation resistance increases, in
components where these damage mechanisms occur. The study was conducted at room
temperatures and damage mechanisms such as crack lip formation occured at 90° impact angle.
However, when high temperatures effects are included, these fracture mechanisms can occur at
different impact angles. In a study, solid particle erosion experiments were performed at high
temperatures and lip formation, cutting and creep mechanisms occured at 45° impact angle
[17, 18]. Consequently, many parameters such as temperatures, impact velocity, abrasive and
abraded material, heat treated structure, coating, particle size can affect behaviour in various
aspects in erosion wear behaviour studies.

One of main topics of this study is behavior of structure under influence of erosion. The
behavior of surface as a result of solid particle erosion varies from ductile to brittle. Ductile or
brittle behavior is observed on surface depending on abrasive particle impact angle. In the
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literature, collapse like plastic deformation is observed at low impact angles (0°-30°) due to ductile
behavior, while brittle damage occurs at relatively high impact angles (60°-90°). Semi brittle/semi
ductile behavior may occur at intermadiate (30°-60°) values [19]. There are review studies on
damage and behavior of the material as a result of erosion wear. In the investigated studies, erosion
included wear was investigated by using In718, ceramic and nanocomposites as coating materials
for ductile and brittle main structures. In experiments conducted by including effect of high
temperature in the study, it was concluded that wear resistance was highest in nanocomposites
coating and material could not show its own properties due to coating [20].

Experimental studies to determine ductile or brittle behavior due to erosion are scarce. In this
study, behavior and erosive wear mechanism of In718 specimens produced by additive
manufacturing and conventional methods at 30° impact angle were investigated. In this way it is
thought that an original source has been added to the literature.

2. Material and methods

In this study, solid particle erosion tests were performed at room temperature on In718 alloys
produced with various angular orientations by a powder based additive manufacturing methods
and In718 alloys produced as castings. Selective laser melting (SLM) was used to create an angular
difference between layers in horizontally (0°), vertically (90°) and angularly (45°) oriented
specimens, and effect of orientation on solid particle erosion wear was investigated, as well as
ductile and brittle behavior of surface as a result of erosion. Three different experiments were
performed in order to investigated effect of specimens variety on amount of wear, and also
experiments were performed at 30°, 45°, 60°, 90° impact angle with use of 500 gr. Of abrasive to
determine ductile, brittle and semi ductile. 500 gr, 1000 gr and 1500 gr abrasive particles were
used in experiments conducted at an impact angle of 30°. In addition, results were compared with
the results obtained from In718 alloy produced by traditional methods (castings) and additive
manufacturing was compared against casting. Fig. 1 shows images of un-worn specimens
obtained. The erosion behavior between specimens with different manufacturing methods and
orientations was compared by means of experiments performed at an impact angle of 30°.
Ductility and brittleness were characterized in experiments with multiple impact angle.

a) Horizontally oriented additive manufacturing (Y) b) Vertically oriented additive manufacturing (D)

c¢) 45° angle oriented additive d) Produced with traditional (casting) method
manufacturing (A) (KOAPS.064)
Fig. 1. In718 non-wear test specimens geometries
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The specimens were subjected to erosion tests at an impact angle of 30° in order to investigated
ductile or brittle behavior of obtained specimens and to investigated how differences in orientation
of layers will affect erosive wear mechanism. By comparing results obtained from conventionally
produced In718 alloys with additive manufacuturing specimens produced by SLM on the same
scale; difference in ductile and brittle behavior as well as wear mechanism was compared.

Erosion value measured as a result of solid particle erosion tests was determined as the weight
loss of samples. Difference between weight of samples before abrasion and after abrasion was
determined and erosion value was obtained in this way using a precision balance with a sensitivity
of 1 in 10000. Since effect of surface hardness and roughness on wear mechanism is also known
in literature, rockwell hardness and surface roughness were also measured from surfaces of
specimens and erosion wear results were evaluated [21]. After graphing erosion values expressed
in weight loss, surface topography and macroscope images were taken from surfaces of samples.
The results obtained were interpreted from various aspects and study was concluded. Solid particle
erosion test parameters according to standards are given in Table 1.

Table 1. Solid particle erosion wear test parameters

In718 alloy produced by additive manufacturing in
Sample material and production method | horizontal, vertical and angled orientation and In718 alloy
produced by casting (conventional)

Abrasive particle material AlO3

Abrasive particle size (micrometer-pum) 850
Abrasive particle amount (gram-gr) 500-1000-1500
Particle impact angle (Degree®) 30
Particle flow pressure (bar) 3
Temperature (°C) 22 (Room Temp.)

Experiments were performed with parameters given in Table 1 and results were evaluated.
3. Erosion test setup

The test machine required for conducting solid particle erosion wear test activites is
customized and tailor made. Finding a manufacturer is difficult in global market. In this context,
the test machine used in experiments is located in Konya Technical University and device
developed during doctoral process. One of most important advantages of tester is that it allows
erosion tests to be performed at high temparatures, but since temperature effect was not considered
in this study, the advantages of tester to provide high temperatures was not utilized. Room
temperature was used in Experimental process and effect of production method and manufacturing
differences on erosion was investigated. The experiments were carried out on erosion wear test
machine schematically shown in Fig. 2 with solid particle erosion test parameters given in Table 1.

The tester capability includes possibility to increase temperature level to 700 °C and flow
pressure of particles hitting surface up to 4 bar. In this study, effects of high temperature and speed
were not investigated, but behaviour of material and orientation differences againts erosion and
wear were questioned.

4. Results

Two mechanism influencing erosive wear are hardness and surface roughness. These two
parameters will have an impact on the interpretation of the result. The samples are numbered in
specimens’ images in Fig. 1. Since hardness results may differ between outhermost and middle,
hardness was measured from outhermost to the inside. Since the wear zone of specimens is in
middle of specimens, measurements numbered 3 are critical and surface roughness was also taken
from this region. Hardness is an important parameter in the study of tribological wear mechanisms.
When two parts are in relative motion againts each other, it can be seen that hard material wears
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less, while soft material easily deteriorates its surface due to developments of an adhesive wear
mechanism. Particles hitting surface affect abrasion of sample surface in solid particle erosion
behavior. It is also an important factor in ductile and brittle behavior on surface. Roughness value
is also one of parameters that affect amount of wear and wear rate that will develop on the surface.
Surface roughness and rockwell hardness results are given in Table 2 and Table 3.

Pressure gauge  Particle

feeder
Pressure regulating
valve
Ball Specimen
a %
Pressure gauge D‘Q fixture

Thermocouple valve

L

Thermocouple

Thermocouple

Nozzle

Flowmeter Specimen

Resistance
wire
Pressure regulating P
valve : K=
Heating 1 2}
system

/\/\/\/\/\N k

Compressor Impingement angle

©)

Fig. 2. Schematic view of solid particle erosion tester [22]

Table 2. Rockwell harness measurement values

Pre-loadi | Speci ¢ Rockwell hardness measurement [HRC]
fe-loading vatue PECIMEn tYPE 1 Outhermost 2 3-Middle Zone 4 5-Outhermost
Y 57,8 61 65,2 65,6 61,7
D 61,8 62,2 61,7 63,5 57,9
471N A 57,6 60,7 63,3 61,7 59,2
KOAPS.064 73,6 74,6 74,7 75,6 74,1

Table 3. Specimen surface roughness values
Surface roughness measurement
Specimen type | Ra (um) | Rq (um) | Rz (um)

Y 1,329 1,579 6,174

D 1,122 1,362 5,475

A 0,685 0,828 3,479
KOAPS.064 0,063 0,084 0,471

The results showed that hardness of In718 alloy produced by conventional method was high,
while surface roughness was very low. In addition, difference in orientation of specimens
produced by additive manufacturing did not cause a significant difference between the hardness
of the specimens. Among 3 types of additive manufacturing specimens, surface roughness of
specimen oriented at an angle of 45° was low compared to the others. Among 4 types of samples,
resistance to erosion is expected to be the highest in sample produced by traditional method due
to high hardness value and low roughness value on the surface.
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5. Erosion wear results

The weight loss graphs obtained as a result of experiments are given in Fig. 3. Measurement
of erosion wear requires measurement of erosion rate or weight loss. In this context, weights were
measured before and after experiments and weight losses were determined.

0,16 .
Experiment
0,14 3

0,12

0,1
0,08
0,06
0,04 A

1
0,02 I H } ‘ KOAPS.064
0 ‘

Experiment 2

\
Experiment | ‘

Weight Loss(Gr.)

500 Gr/22°C 1000 1500
Gr/22°C Gr/22°C

Initial Weight - Final Weight

Abrasive Amount/Temperature
Fig. 3. Erosion values at 30° impact angle depending on amount of abrasive

500 grams of abrasive particles were used and it was determined that difference in the erosion
rate on the experimental results was not clearly evident in the first experiment applied to samples.
Since the sample production method and orientation were expected to reveal a clear difference on
the experimental results, 2 more experiments were conducted using 1000 grams and 1500 grams
of abrasive particles. When test results were analysed, cast specimens with highest hardness and
lowest surface roughness were worn the most. It is believed that here, because of the layered
production structure of additive manufacturing, outermost layer acts as a protector against
remaining layers inside the structure. Additive manufacturing specimens wear less than cast
specimens due to the protection of the outermost layer while the other layers are destroyed during
particle impact. Among 3 different orientations, it is suggested that samples produced with vertical
orientation wear less than others due to contact between the layers depending on particle impact
angle. Since 45° oriented specimens come into contact with the particles both from layer surface
and from gap between layers, it is thought that particles hitting between layers force layers to
separate and reduce the strength, while particles contacting layer surface disintegrate the layer.
Therefore, the angled specimens were worn more than others. Damage mechanism and change in
amount of wear are schematically depicted in Fig. 4. Examination of damage surfaces will give
an idea about ductile or brittle character of damage.

The schematic in Fig. 4 illustrates effect of orientation on wear results in additive
manufacturing part production. During collision of horizontally layered additive manufacturing
specimens with solid particles, particles hit layer joints as little as possible. Particles hitting the
first layer of horizontal specimens destroy the first layer and reach other layers less. Amount of
erosion wear is reduced in horizontally oriented specimens due to fact that first layers of
horizontally oriented specimens in contact with particles act as a protector for the inner layers.
However, horizontally oriented In718 specimens were not as low as vertically oriented ones.
Particle removal from structure is as low as possible in vertical specimens, as particles intensively
contact layer joints. Although weakening of layer joints as a result of contact makes amount of
wear low, it is also predicted that strength level of the vertical specimens will decrease. The
amount of wear in angled specimens was the highest among additive manufacturing specimens
due to particles hitting layer surfaces as well as layer joints. While structure is weakened due to
particle impact in interlayer regions, it is easier to remove parts from weakened structure due to
particles hitting layer surface. Consequently, the amount of wear was higher in angled specimens
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compared to vertically and horizontally oriented specimens. Since cast specimen did not have any
layers in structure, parts were broken off directly from surfaces by collision with particles. For
this reason, the amount of wear was higher compared to additively produced In718 samples.

Horizontal Oriented Layered Vertical Oriented Layered

Nozzle Nozzle

/’/ /
300 300

D -
a) Horizontal b) Vertical
45° Angular Oriented Layered Casting
Nozzle Nozzle
~730° -.ij.‘):
¢) Angular d) Casting

Fig. 4. Schematic representation of the change in the amount of wear

Experiments were conducted at various impact angles with use of 500 gr abrasive particles to
determine ductile or brittle behavior of structures in erosion wear. The experiments were carried
out at impact angles of 30°, 45°, 60° and 90°, and curves with regression levels of min. 0.97 were
fitted to pass through points determined for determination of intermediate values. Thanks to the
fitted curves, it was possible to see how wear tends and to predict results depending on the angular
variability. The results were interpreted with information found in literature. According to
literature, ductile behavior dominates up to an impact angle of 30°, whereas as impact angle
increases, there is a phenomenon that brittle behavior dominates. Fig. 5 shows graphs of results
obtained for determination of ductile, brittle or semi-ductile behavior.

=y
0,035

B KOAPS64

0015 Curve of Y
R?=0,9902

001 Curve of D
R?=0,9891

Initial Weight - Final Weight = Weight Loss (Gr)

0,005 Curve of A
R?=0,9748

0 Curve of
0 20 40 60 80 100 KOAPS64

Impigement Angle (Degree®) Ri=1

Fig. 5. Amount of erosion wear at different impact angles to determine the behavior

The cast In718 specimens reached a peak at 45° impact angle and then decreased. In the
literature, it is said that ductile character will be dominant at 30° impact angle and wear will peak,
whereas this situation was realized at 45° impact angle for cast In718 specimens. Therefore, it can
be said that ductile behavior is postponed compared to literature. It can be said that fact that
material is nickel alloy and In718 alloy exhibits high mechanical properties is effective here.
Looking at specimens produced by additive manufacturing, it was observed that amount of wear
of horizontally oriented specimens did not change up to 45° impact angle and decreased up to 90°
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impact angle. It can be said that ductile behavior of horizontally oriented In718 specimens, similar
to castings, occurs up to 45° impact angles. It was observed that ductile behavior in vertical
specimens occurred at 30° impact angle and as impact angle increased, wear decreased and
behavior turned to brittle character. Angled specimens responded similarly to horizontally
oriented specimens. In general, when compared with studies in literature, it is confirmed that
brittle behavior becomes dominant as impact angle increases. However, the hypothesis that ductile
behavior becomes dominant and wear peaks at 30° impact angle was postponed in experiments
for In718 alloys and was observed to occur later. Ductile behavior occurred at 45° particle impact
angle. Difference in ductile behavior with literature is thought to be due to fact that the material is
In718 alloy. Surface topography and macroscope images provide a more observational
interpretation of damage to the surface.

5.1. Surface topography and macroscope images

Experiments at an impact angle of 30° were used for determination of damage on surface.
Since no trend was observed in experiments using 500 gr. abrasive, the surface topography and
macroscope image were taken from the experiments using 1500 gr. abrasive. Topography images
are given in Fig. 6.

a) Yl — Y2.1-non wear; 2 — wear b) D3 — D4 3 — non wear; 4 wear

c) AS— A6 5 —non wear; 6 ~ wear d) KOAPS7 - KOAPSS 7 — wear; 8 non wear
Fig. 6. Specimen wear and non-wear zone surface topography images

When the images in Fig. 6 are examined, the topography images taken from sample surfaces
are taken from an area of 2 mmx2 mm. Image acquisition distinguished between wear and
non-wear areas. The damage on the surface in experimental group, where most intense amount of
erosion was achieved with use of 1500 gr abrasive, is understood from the images. In the cast
In718 sample, where most wear occurred, non-wear areas (KOAPSS8) have a flat and smooth
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appearance, while wear sections are highly roughened. Additive manufacturing specimens may
be considered rough on all surfaces, including areas not abraded due to their manufacture.
However, the wear zones have undergone more intense deformation and amount of roughness has
increased. The cross-sectional thickness of worn areas is also reduced. A detailed topography
examination was carried out in Fig. 7 to numerically reveal surface topography of the surfaces and
the difference between wear and non-wear surfaces.

d) Non-wear KOAPS064 h) Wear KOAPS064
Fig. 7. Detailed surface topography image

When the topography images of worn and unworn samples are examined in detail, peak in
image taken from unworn sections of horizontally oriented additive manufacturing In718 samples
appears to be approximately 100 pm. If we accept this as unworn reference sample boundary,
lowest point has dropped to approximately 15-20 pm in image taken from a 2 mmx2 mm area
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from the most intense part of worn area on the horizontal sample. Due to erosion wear,
approximately 75-80 um of surface was lost and section thickness decreased to a maximum of
these levels in eroded region. In vertically oriented additive manufacturing samples, an abrasion
loss of approximately 30-35 pm occurred from a 50 pm reference surface, decreasing to around
10-15 pm in the deepest region. This situation developed in the same way in angular and casting
samples. A wear of approximately 35 pm occurred in the angled samples. There was also an
abrasion of around 20 um in the cast samples, but since this value spread more over surface
compared to additive manufacturing samples, it was concluded that weight loss was higher. It can
be understood that casting samples are least thinned in terms of sectional examination. In addition,
no homogeneous damage occurred on surfaces hit by particles. While surface areas that came into
contact with particles collapsed, non-contact areas only increased in roughness. This situation is
common in 4 types of samples. These values are written as maximum because areas where image
is taken are areas where wear is most intense. surface roughness values are read with help of device
used in area where topography measurements are taken. In this context, comparisons can be made
with unworn samples in the roughness of the area where the topography was taken, before and
after wear. The distinction between wear and non-wear areas can be more clearly distinguished
from macroscope images. Fig. 8 shows macroscope images of the samples.

a) Y1 — Y2. 1 —non wear; 2 — wear b) D3 — D4. 3 — non wear; 4 — wear

c) A5 — A6. 5 —non wear; 6 — wear d) KOAPS7 — KOAPSS8. 7 — wear; 8 — non wear
Fig. 8. Specimen wear and non-wear zone macroscope image

The difference between wear areas and non-wear areas can be better understood by looking at
macroscope images. While a flat and smooth appearance was not formed in non-wear zones of the
In718 samples produced by additive manufacturing other than casting sample due to production
method, surface deformation appeared more dominantly in wear areas due to erosion effect. As a
result of wear, the unworn area of cast sample had a smoother appearance in proportion to
topography image, while a rough surface was formed in worn area due to effect of solid particle
erosion. When roughness results obtained with topography image taken from wear zone of the
horizontally oriented additive manufacturing samples are examined, Ra value varies between 1
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and 1.5. Surface roughness has increased slightly compared to non-wear horizontal additive
manufacturing sample in Table 2. The Ra value was measured between 0.9 and 1.4 in the wear
area of the vertical samples. However, there is no excessive increase. Among additive
manufacturing samples, Ra value on non-wear surface of angled samples and casting In718
samples showing excessive wear was measured at approximately 0.6 and 0.06 levels, while after
wear, it climbed to 1 level for angled additive manufacturing and Ra measurement for castings
was made at 0.015 levels. As a general result, particles increased roughness of surfaces as a result
of erosion, but these measurements are made from a limited area. In this direction, evaluation of
entire surface and all worn areas in terms of surface roughness will give more accurate results.

6. Conclusions

Jet engine turbine blades, which are among critical components in aircraft pose a
manufacturing challenge. As a result of the difficulties, production of turbine blade structures
using additive manufacturing techniques has become a preferred option. Due to environment in
which aircraft operates, turbine blades may be exposed to solid particle erosive wear. Damage
occurs to structures due to collision effect with hard and micron-sized particles in environment.
An investigation was carried out to explain damage in advance and to determine whether a new
production technique would be useful in such structures.

As a result of the research, In718 alloys produced by selective laser melting that a layered
production technique, were rougher and had lower hardness compared to nickel alloys produced
by casting, but weight loss due to erosive wear was less. In addition, when the surfaces, where
damage occurred are examined, the difference between the undamaged and worn areas can be
clearly observed. When results obtained in terms of wear are evaluated, the fact that component
forms produced with additive manufacturing show less wear brings additive manufacturing to
forefront. The reason for difference in the amount of wear between additive manufacturing
samples is great effect of horizontal, vertical and angled orientation. As can be seen in Fig. 5,
horizontal layered additive manufacturing samples reduced amount of wear due to preservation of
other layers while sacrificing only first layer during collision with solid particle. However, it
showed higher wear compared to vertically oriented additive manufacturing. The fact that vertical
samples exhibited least wear was due to fact that dust particles did not lift pieces from surface but
accumulated between layers, thus creating less wear, but it is also estimated that mechanical
properties of vertical samples decreased. The reason why angled samples show high wear is that
strength of structure decreases as pieces are removed from both the interlayer and layer surfaces,
and it is deduced from results that it becomes easier to remove pieces from the surface of structure
whose strength decreases. In this context, it is revealed that orientation difference in part
production with additive manufacturing affects mechanical properties of structure.

Another finding obtained from study is that hypothesis in literature that deformation
characteristics at different impact angles highlight ductile behavior at low impact angles, while
turning towards brittle behavior with an increase in impact angle, has been relatively confirmed
by this study. The maximum wear amount expected at 30° impact angle occurred at 45° impact
angles in horizontally oriented additive manufacturing and cast In718 samples. It is estimated that
shift in ductile behavior characteristic is due to use of nickel alloy material. Therefore, contrary to
expectations, the ductile characteristic can shift to 45° impact angles. The subjects examined in
study showed that additive manufacturing can take place in aircraft and that additive
manufacturing parameters can affect mechanical properties of produced structures.
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