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ABSTRACT: Hydraulic excavator is a heavy-duty machine that is generally employed in constructional and
mining works for digging, carrying and sometimes leveling of bulk materials. It consists of several components
such as the engine house, boom, arm, bucket, swing bearing, carriage, etc. Excavators are designed to handle bulk
materials that can vary in shape and form, from large quarry rocks to cohesive soils, abrasive ores or free flowing
granules. These materials and their interaction with the machine parts have a strong effect on the equipment
performance. Understanding how bulk materials will behave with equipment is critical to ensure an optimal design
that combines strength and durability, with performance efficiency. In this paper, research was conducted to
understand the effect of bulk material interactions on the excavator bucket. The excavator was designed with
Autodesk Inventor software and simulated in an EDEM bulk material simulation environment, the results of the
total pressures and compressive forces acting on the bucket were investigated in Ansys Mechanical to check for
deformations and available stresses. As a result of the analyses, the bucket suffered small deformation and stresses
with maximum recordings of 0.55145mm and 138.75MPa respectively. It has been found that these stresses and
deformations do not seriously damage the bucket.

Keywords: Autodesk Inventor, Ansys Mechanical, Bucket - Bulk Material Interactions, Bulk Materials, EDEM
Simulation Software, Excavator.

DOKME MALZEMENIN EKSKAVATOR KEPCESi UZERINDEKI
ETKILESIMLI ETKILERININ ANALIZI

OZ: Hidrolik ekskavator, genellikle insaat ve madencilik islerinde, dokme malzemelerin kazilmasi, tasinmasi ve
bazen tesviye edilmesi i¢in kullanilan agir hizmet tipi bir makinedir. Motor bélmesi, bom, kol, kepce, doner yatak,
araba vb. birkag¢ bilesenden olusur. Ekskavatorler, biiyiik tas ocagi kayalarindan yapiskan topraklara, agindirici
cevherlere veya akan graniiller serbest malzemelere kadar sekil ve bicimde degisebilen dokme malzemeleri
islemek icin tasarlanmistir. Bu malzemeler ve bunlarin makine pargalariyla etkilesimi, ekipman performansi
iizerinde giiglii bir etkiye sahiptir. Dokme malzemelerin ekipmanla nasil etkilesecegini anlamak, giic ve
dayaniklilig1 performans verimliligi ile birlestiren optimum bir tasarim saglamak icin kritik dneme sahiptir. Bu
makalede, dokme malzeme etkilesimlerinin ekskavatdr kepgesi iizerindeki etkisini anlamak igin bir arastirma
yapilmistir. Ekskavator, Autodesk Inventor yazilimi ile tasarlanmis ve EDEM simiilasyon ortaminda dékme
malzeme simiile edilmis, kepge iizerine etkiyen toplam basmnglarin ve sikistirma kuvvetleri, deformasyonlar1 ve
mevcut gerilmeleri kontrol etmek icin Ansys Mekanik ile degerlendirilmistir. Analizlerin bir sonucu olarak, kepce
strasiyla 0,55145 mm ve 138,75 MPa maksimum kayitlarla kiigiik deformasyon ve gerilmelere maruz kaldi. Bu
gerilme ve deformasyonlarin kepgeye ciddi zarar vermedigi gériilmiistiir.

Anahtar Kelimeler: Autodesk Inventor, Ansys Mechanical, Kepge - Dokme Malzeme Etkilesimleri, Dokme
Malzemeler, EDEM Simiilasyon Yazilimi, Ekskavator.
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1. INTRODUCTION

Eugeniusz Rusinski ‘Material Handling and Mining Equipment - International Standards
Recommendations for Design and Testing’ presented and matched theoretical assumptions
proposed in various international design standards (DIM 22261, AS 4324 and ISO 5049). He
also made assessment of real life applications and then compared the obtained results with that
of the pre-stated theoretical standards. Design rules and guidelines with respect to static and
dynamic loads which lead to strength and fatigue resistance were discussed in detail. He noticed
that the AS 4324 standard had the highest requirements due to the failures that occurred in an
Australian industry. The requirements however, improved safety and reliability of the
equipment and also had substantial impact (of approximately up to 20% heavier than machines
designed under the ISO or DIN standards) on the dead weights of machines. He also made it
worth knowing that there has been a change in the fatigue calculation approach proposed long
time ago by scientist, and that the cumulative damage criteria are up to date in the standardized
calculations. He concluded however, that there is still adjustment in the standards that need to
be taken care of to improve safety and quality of the designs [1].

In 2015, Manisha P. Tupkar and Prof. S. R. Zaveri in their work, designed an excavator bucket
employing CREO-parametric 2.0 software. By exporting the model in an IGES file format into
Ansys mechanical and applying the necessary boundary conditions and forces at the tip of the
bucket teeth, they carried out a static analysis. The results revealed the stresses that developed
at the tip of the bucket teeth. They also performed analytical stress calculations and then went
further to calculate the errors that existed between the analytical and simulated results. The
analytical results showed a calculated stress of 96.39 MPa and 157.67 MPa at the tip of the
excavator bucket teeth and due to shearing of the rivet respectively. However, the results from
Ansys revealed slightly different results of 112.98 MPa at the tip of the teeth and 167.42 due to
shearing of the rivet. The calculated errors were 14.69% for the teeth tip stress and 5.82% for
the difference due to the shearing of the rivet. In accordance with the analysis made, they
proposed that the bucket used for the excavation should be carefully examined for its
application on the terrain. Moreover, considering the failure of the rivet and teeth due to the
subjected load, changing the rivet would be more economical than changing the complete teeth
assemblage [2].

Khedkar Y, Dey T and Padasalagi Y in their research work studied various forces that acted on
an excavator bucket during digging operations. They analyzed the factors that contributed to
the generation of the resistive force due to the bucket geometry and the resistive force offered
by stiff soil to the bucket. Aside the resistive forces, they also calculated the digging forces in
accordance with the SAE standard. Further discussions of the effects of different parameters on
the resistive force were also made for horizontal and unbalanced digging conditions [3].

Young Bum Kim et al. wrote a paper in which they presented various procedures to determine
the most optimal working path based on minimum torque or time to simulate digging works
tracking on the designed working path. Aiming at minimizing the torques at the joints of the
machine elements, they derived the optimal working path for the minimum torque situation.
However, for the minimum time case, the most optimal path was determined to reduce required
time duration for a single-cycle considering the hydraulic limitations such as pressure and oil
flow rate and others. To verify the inverse dynamic code and optimized path used in the
optimization, field measurements were made for the various parameters such as slew angles,
cylinder lengths and pressures of a slew motor and hydraulic cylinders during excavation. The
modified fundamental earthmoving equation is used to model the interaction between soil and
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tool in the excavation process, and the inverse dynamics with external forces, such as constant
and reducing lifting weights, is used in the lifting and unloading process. In conclusion, all
simulated data were compared with the measured data to investigate the genuineness of the
proposed methods with respect to the development of the unmanned excavator [4].

Hadi, Priharyoto, and Ramadhan performed an analysis to determine the appropriate bucket
teeth material that could be used on an abrasive field consisting of gravels, stones, soil etc. The
design and analysis were performed with the Abaqus 6.10 Computer Aided Engineering (CAE)
software to obtain the maximum stress as a result of the exerted loads on the teeth. They
assigned steel mixture as the bucket teeth material. The analysis procedure to obtain the stress
was performed by adding 8285.06 N load forces in the static state at an angle of 32° to the
horizon. From the analysis, it was found that the maximum stress experienced by the excavator
bucket tooth is 209.3 MPa and is still below the maximum equivalent von Mises stress, so the
design can be considered safe [5].

As described above, a hydraulic excavator basically consists of boom, arm, bucket,
undercarriage, link mechanisms, and three hydraulic cylinder sets, as shown in Figure 1 below.
The first set has two cylinders that serve as supports and are also responsible for the up and
down movement of the excavator boom. The second set has a single cylinder (also called the
arm cylinder) that also engages the arm to obtain an appropriate radius to position the tray at a
desired location for excavation. The last set also has a single cylinder (called the bucket
cylinder) which is responsible for rotating the bucket for effective handling of the bulk material.

-4

Figure 1. Mini Hydraulic Excavator.

The engine, hydraulic pump, together with some other essential components is mounted on the
undercarriage. These components are joined to the undercarriage through the swing gear
(bearing) which facilitates a 360-degree rotation of the upper part of the machine. An excavator
has nine boom design variables, seven arm design variables, and seven design variables of the
bucket and link mechanism. In addition, some other design parameters also relate to the
performance of the excavator, including cylinder diameter, piston diameter of each cylinder,
and maximum slew speed. The cylinder and rod diameters have a great influence on the digging
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force and the working speed, while the maximum rotational speed of the pivoting gear is
relevant for the working cycle time.

During excavation, an element that continuously comes into direct contact with the bulk
material is the bucket. For the bucket to be able to get it way into the park of bulk material, a
force must be applied either by the arm or the bucket cylinder. While this force is being applied,
the bulk material conversely tends to oppose the motion of the bucket into it by exerting a
reaction force. This reaction force is called resistive force. The force applied to engage the
bucket into the bulk material (ground) is also termed as digging force. These forces will be
tackled in detail in the subsequent section [6] in his article, estimated bucket volume, and
digging forces that acted on a bucket according to the SAE standard. He also established the
comprehensive breakout force model and digging force. Using static analysis, he then also
calculated the forces that acted at each joint of the bucket [6]. In his other article, discussed the
approximation of resistive force calculations in relation to the earth moving equation using the
principles of soil mechanics [7]. Also discussed about generated forces that existed between the
bucket and the bulk material. (i.e. separation and penetration forces.) Their work has given
detailed information on penetration resistance and separation resistance. They also modelled
the bucket in a software and simulated it against the ground by defining the interaction between
the ground and the tool and then determining the resistance forces.

The digging force is essentially the force required to dig into the bulk material. These forces act
on the bucket tip. The digging forces are divided into bucket and arm curling force respectively.
The bucket curling force is the force generated by the bucket cylinder at the tip of the bucket,
while the force generated by the arm cylinder is the arm curling force. This force is also
generated at the tip radius of the bucket and it is perpendicular to the distance D from the bucket
tip to the arm-bucket joint. In general, the digging force is calculated at the maximum fracture
state of the joints. The maximum fracture condition is when the excavator generates the
maximum digging force. There are a total of three standards available for calculating the
digging force, one of which is the SAE standard. As stated by SAE J1179 standard, excavation
forces for maximum fracture state are shown in Figure 2 [3].

Figure 2. Digging Force.
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From Figure 2, parameters dA, dE, dF, dD, dC are the distances between the designated joints
and Fgand Fs are the bucket curling force and arm curling force respectively. Note from the
figure that bucket curling force is tangential to the tip radius of the bucket. This force is
generated by the bucket cylinder and it’s given by:

T
D, xd, xdg
P"[J" B 7 0a (1)

Fs =
. dp xdg

Where, Dg is the bucket cylinder diameter, and p is the operating pump pressure. The arm
curling force is also given by;

px(:]xDA;XdE 2
4
Where Da is the arm cylinder diameter.

Fsz

It is of great importance to note that the digging force required for easy penetration of the bucket
into the bulk material must be greater than the resistance forces generated by the bulk material.
To fully understand the interaction between the blade and the bulk material, the resistance
forces generated by the bulk material must be discussed in detail [3].

Resistive force is the force subjected by the bulk material to the bucket during digging
operations. However, before discussing about the resistive force, it is very essential to
understand the various digging phases encountered during digging operations. To make it
easier, the excavator digging operation is split into three modes:

Digging phase I:

The digging operation begins with this phase. This is when the bucket teeth begin to penetrate
the bulk material. During this phase, the two elements that come in contact with the material
are the bucket teeth and toe plate. This phase is also called the penetration phase.

Digging phase II:

With the bucket teeth having penetrated the bulk material, the applied digging force from the
hydraulic cylinder overcomes the material resistance and then forces the bucket to dig deep into
the bulk material. This is what happens in the second phase (also called the separation phase).
All other parts of the bucket are completely immersed in the terrain and separate a chunk of
material from the whole.

Digging phase 1lI:

In this phase a re-curling force is applied to bucket to rotate it to a position suitable enough to
hold the material in place. This also termed as the escape phase, where the arm and boom are
raised to remove the bucket from the terrain.

When operating the excavator, the preliminary part that interacts with the bulk material is the
bucket. This causes the bucket to experience a certain resistance. This resistance can be
classified into two types, namely, penetration resistance and separation resistance. Another
study also says that the interaction of bulk material and bucket depends on the bulk material
properties and bucket geometrical parameters.
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In this study, instead of just simply applying forces and boundary conditions to the desired part
of study for analysis, the designed excavator was simulated in a virtual environment (i.e. using
EDEM) - carrying out the digging operation. This will enable acquiring approximate-realistic
data (acting compressive forces and exerted pressures on bucket) just as it would have been in
real life as the bucket interacts with the bulk material. The acquired data were then employed
into the simulation environment for further structural analysis. Moreover, unlike in other work
[2, 5] where the analysis prioritized the bucket teeth, this study is more focused on how the
whole excavator bucket deals with resistive forces [3] and loads of the bulk material. It is
therefore desired that the designed bucket should prove durable and strong enough to carry out
operations without detrimental deformations wear or tear.

2. MATERIAL AND METHOD
2.1. Properties of Bulk Materials

Bulk material refers to a coarse or lumpy mixture which is in free-flowing state. Depending on
the moisture content and magnitude of the cohesion and adhesion forces of the material
however, it could be sticky in nature. This consequently renders the bulk material not to flow
easily. The properties of a bulk material are determined by its grain size and particle size
distribution, the angle of repose, its moisture content, cohesion, adhesion, temperature and as
well as by its bulk density. Researches show that bulk materials are basically grouped into two:

* Cohesionless, free-flowing bulk solids
* Cohesive bulk solids

When bulk materials flow easily they are described as Cohesionless or free-flowing whereas,
cohesive bulk solids are those whose particles are banded closely together with less or no
flowing capability. In order to deeply understand the bulk material handling mechanism,
intensive researches have been done to study storage and transportation conditions such as the
angle of repose, bulk densities, discharge behaviour etc. For free-flowing bulk solids, when the
particles are given sufficient initial velocities they tend to behave like fluids and begin to flow
uniformly. This is however not the case with cohesive bulk materials. Bulk materials with wear-
causing, cohesive, sticky and paste-like properties tend to be more demanding during dumping
or discharging operations. Nonetheless, these kinds of materials can be discharged without
encountering difficulties by using live bottom feeders. Some examples of daily used bulk
materials are sand, gravel, rocks, raw materials such as iron ore and many more. Powdered
materials such as pigments, granules and pellets can also be categorized as bulk materials.

2.2. Geometry and 3D Model

Autodesk Inventor finite element analysis permits users to verify the design of the components
by analyzing the performance of the parts under load. Optimization technologies and parametric
studies in Inventor interface allow users to design parameters within assembly stress regions
and compare design options. Then the 3D model is updated based on these optimized
parameters. For this study, Autodesk Inventor was used to construct a mini-excavator, with all
elements assigned to steel material. Figure 1 shows the designed mini excavator.
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2.3. Finite Element Analysis

With Ansys Mechanical solutions, geometries of complex assemblies can be imported through
their appropriate file formats, meshed optimally and apply realistic boundary conditions to
them. By following the analysis criteria, detailed analysis can be performed to check for design
strength, thermal response behaviour of systems, maximum von Misses stresses, vibrations,
motions etc. The simulation solutions provide the user with comprehensive information through
graphical and grid of coloured data, giving clues on how to optimize and make necessary
modifications to designs. By doing so, industries are able to minimize costs and get to market
quickly with high performance products.

Mechanical designs are expected to perform very well in all possible conditions. In this study,
the simulation environment for the structural analysis was used to make faster design decisions.
The data obtained from this study were used for structural analysis.

2.4. Discrete Element Method

The Discrete Element Method (DEM) simulation is gradually changing the industry of machine
development and optimization for the control and processing of bulk materials. Once the
software is used correctly, the DEM simulation provides you with important design information
on the flow behavior of bulk particles, which is very difficult or impossible to obtain using
standard assessment methods or other design simulation methods.

In order to cognize the interaction existing between the bulk material and the bucket, EDEM
analyzes the resistive reactions subjected by the bulk material onto the bucket. The motion of
the individual elements of the simulated model is defined kinematically. Fine soil and rocks are
the selected bulk materials for the analysis. Physical properties of the generated materials are
shown in the Table 1.

Table 1. Bulk Material Properties.

Properties Soil Rock
Poisson’s ratio (v) 0.25 0.25
Density (p) 2250 kg/m?3 3000 kg/m?3
Shear modulus (G) 1e+07 Pa 1e+07 Pa
Interaction Rock Rock
Coefficient of restitution 0.5 0.75
Coeffi ;:rliecrtlitoc;]f static 05 0.2
Coeffl?ﬁgttigrf] rolling 0.01 0.05

3. RESULTS AND DISCUSSION
3.1. Discrete Element Method Simulation Results
Simulations were carried out to observe the interactions between the bulk material and the

bucket and to further analyze the effects of the interactions (i.e. Forces and pressures) on the
bucket. Rock and soil were used as bulk materials with specified proportions in the simulation.
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Time: 500004 s
Pressure (Pa)

2 14et003

1714003

1.28e+003

8 566002

4 28e+002

0.00e+000

EDEM"
Figure 3. Pressures Acting on Bucket.

Figure 3 shows the minimum and maximum pressures that were subjected to the excavator
bucket at time 5.00004s. From the figure, the maximum recorded pressure for bulk material —
bucket interaction was 2.14 KPa with a minimum of 0 KPa.

It is absolutely important to realize that the compressive forces that act on the bucket also have
tremendous effects on the strength of the bucket for a long term usage. So in that regard, an
analysis was made to determine the maximum compressive force that acted on the bucket from
digging to dumping time. The graph in Figure 4 shows the compressive force data distribution
with time. It is observed that the compressive force data recording started around time 1.26s.
This means that the digging operation was initiated at that time. In other words, the bucket
began to interact with the bulk material exactly around that time with a maximum total
compressive force recording of 546.9N and a minimum of ON. It is important to realize that
these small recorded values, are as a result of the small size of the designed excavator (i.e.
design limitations). These data will be exported to the simulation environment for the structural
analysis.

Compressive Force - Time

Compressive Force (N)
NN WWw

191.4
164.1
136.7

109.4

70.00 025 050 075 100 125 150 175 200 225 250
Time (s)

Figure 4. Compressive Force on the Bucket.
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It is expected that the bucket is subjected to maximum pressure when it digs deep into the bulk
material. This is because, during the digging operation, all surfaces of the bucket, both outside
and inside together with the bucket teeth are engaged with the bulk material. Figure 4 shows
exactly that. Figure 5 shows the maximum pressure distribution on the bucket throughout the
simulation process. It is important to realize that the pressures and compressive forces
mentioned here are what was referred to as resistive forces in study [3]. These data have thus
been simply acquired without extra effort that would have been done through analytical
calculations.

It is observed that pressure recordings ranges between times 1.26s to 2.5s, with a maximum
pressure recording of 5.4625kPa. It can also be inferred that the bucket was completely
immersed in the bulk material at time 2.5s. The magnitude of the forces and pressures subjected
to the bucket at each time interval can be computed without difficulty. Doing this manually
through hand calculations however, would have been very complicated. Having obtained these
data, the next thing to do is to investigate how it affect the structural properties of the bucket.

Pressure

Prassure (Pa)

Tieme (s)

Figure 5. Pressure Distribution on Bucket.
3.2. Ansys Simulation Results

Digging, lifting and dumping operations have been simulated and the effects of the bulk
material interaction on the bucket have been analysed. The data obtained from EDEM analysis
are imported into Ansys mechanical for structural analysis. However, since the excavator
bucket is the very crucial part, it has been thought to be wise to import a step file of only the
bucket into the simulation environment for the structural analysis there by avoiding huge data
and lengthy simulations times. The bucket was meshed with 23385 nodes and 11371 elements.
Considering the total compressive force data obtained previously, the maximum recorded force
was 546.9N. And so, any damage that would be done on the bucket cannot be caused by any
other load other than the maximum subjected compressive force. Therefore, the bucket was
subjected to a compressive force of 546.9N. Figures 6 and 7 show a meshed view and pre-
processed view of the bucket respectively.
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®
0.000 0100(m)
L S
i

0.0s0

Figure 6. Meshed Bucket View.

X
0.000 0.080 () %’
)
0.040 z

Figure 7. Bucket Pre-Processed View.

The bucket structure was then solved for total deformation and equivalent stress. The results
showed that the bucket suffered very small deformations. As can be seen from Figure 8, the
maximum recorded deformation was 0.55145mm with a minimum of 0. It was also observed
that the highest deformation occurred at the bucket tip where the teeth are attached. The
equivalent (Von Mises) stress generated on the bucket on the other hand, showed a maximum
recording of 138.75MPa with a minimum of 120.48KPa.

0 Min

L
0.000 0.090(rm) z
L |

0.045

Figure 8. Total Deformation.
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The results of the stress are shown in Figure 9. A close observation of the bucket shows that the
maximum stress was generated at the bucket-arm joint and at two close points inside the bucket.

 A: Static Structural
Equivalent Stress :
Type: Equivalent (von-Mises) Stress
Unit: Pa

Time: 5
12/25/2018 3:50 PM

1.3875e8 Max
123358
| 1.0705e8
|| 02543¢7
L] 7713067
I 6.1735¢7
| a6332e7
L] 3.0028e7
L 155227
120485 Min

L
0.000 0.090 (m) z
I

0.045

Figure 9. Von Mises Stresses.
4. CONCLUSIONS

All mechanical designs are expected to perform extremely well under any possible condition.
With this analysis, a mini-sized hydraulic excavator was designed to analyze how well it would
perform in real life during digging, lifting and dumping operations of bulk material on a terrain.
Based on a standard excavator design, the dimensions of the designed excavator in this paper
was scaled down to obtain a mini prototype. The simulation done in EDEM has simplified
significantly, the process of quantifying the exerted loads on the excavator bucket. By
simulation, all dynamic and static calculations which otherwise, would have been done
manually by engineers, have been computed by the software. Moreover, the nature by which
the bucket would have physically interact with the bulk material has been virtually
demonstrated in EDEM virtual environment.

In this study, instead of just simply applying forces and boundary conditions to the desired part
of study for analysis, the designed excavator was simulated in a virtual environment (i.e. using
EDEM) - carrying out the digging operation. This will enable acquiring approximate-realistic
data (acting compressive forces and exerted pressures on bucket) just as it would have been in
real life as the bucket interacts with the bulk material. The acquired data were then employed
into the simulation environment for further structural analysis. In the analysis, total deformation
and stress generated on the bucket were analyzed. The bucket suffered small deformation and
stresses with maximum recordings of 0.55145mm and 138.75MPa respectively. It is observed
that the maximum recorded deformation occurred at the digging edge of the bucket. Despite the
fact that the effects cannot cause serious damage to the bucket, design optimization such as the
addition of teeth at the bucket tip could significantly erase the deformation and stresses.

In this study, which will be a reference for future studies, a research was conducted to
understand the effect of bulk material interactions on excavator bucket. In this way, more
accurate productions can be performed in the industry by considering parameters such as the
correct bucket type, size and material density.
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OZ: Giiniimiizde iletisim araglarin, bilhassa internetin gelisimi Diinyada oldugu gibi Tiirkiye’de de ivme
kazanmistir. Bu hizli artis sonucuna paralel olarak, Tiirkiye’deki hane sayisinin bilyiik bir cogunluguna karsilik
gelen bir internet kullanim1 oraninin olusmasini saglamistir. Iletisim araclarmin 6zellikle internetin hizli gelisimi
diinyaya paralel olarak Tiirkiye deki bireylerinde aligveris aliskanliklarmi internete yoneltmis ve e-ticaret
kavramimin gelismesine imkan saglamistir. E-ticaretin Diinyada oldugu gibi Tirkiye’de de gelisiminde
yasanmakta olan hizli artig bazi kavramlarin olugsmasina neden olmustur. Bu ¢aligmada, e-ticaretteki internetin
tistlendigi rol, e-ticaretin temel arag ve unsurlari, e-ticaretin dogusu, Diinyada ve Tiirkiye’de e-ticaret ile ilgili ilk
calismalar, bireylerin e-ticaret sitelerini kullanarak en ¢ok satin aldiklari iiriinler incelenmis ve internet kullanimi
aragtirmasi yapilarak e-ticaret sitelerinin ergonomik acidan degerlendirilmesi yapilmistir. Ayrica insanlarin
aligveris aligkanliklarimin KOVID-19 salgin siirecinde nasil evirildigi ile salgin siireci ile birlikte e ticaretin
gelecegi elde edilen veriler 1s18inda incelenmistir.

Anahtar Kelimeler: Elektronik Ticaret, Ergonomi, Internet, Kullanict Dostu Sistemler

ELECTRONIC COMMERCE AND ERGONOMICS

ABSTRACT: Nowadays, especially communication tools, particularly the development of the Internet in
Turkey as it is in the world, has been gaining momentum. Parallel to this rapid increase, the number of
households in Turkey led to the formation of a majority corresponding to the rate of internet usage. Means of
communication, especially the rapid development of the Internet, has led parallel to the Internet in the shopping
habits of individuals in Turkey and has led to the development of the e-commerce concept. As in the field of e-
commerce, the rapid growth of Turkey has resulted in the rapid formation of those ideas. On this page, the role
of the internet in e-commerce, e-basic tools and components trade, e-commerce birth of the first studies related
to e-commerce in the world and Turkey, using individuals' e-commerce sites examined the products they most
frequently bought and internet use was conducted in the ergonomic practice of e-commerce sites were discussed.
In addition with, how people's shopping habits evolved to during the COVID-19 pandemic process and the
future of e-commerce with the pandemic process were examined in the light of the data has been obtained.

Keywords: Electronic Commerce, Ergonomics, Internet, User Friendly Systems
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1. GIRIS

Sanayi toplumundan bilgi toplumuna yonelim son yillarda meydana gelen birtakim
gelismelerden en onemlilerinden birisidir. Bilisim kelimesi ¢agimizda sik¢a dile getirilen
kelimelerden birisidir. Bilisim kelimesi, bilgi ve iletisim kelimelerinin anlamca bir araya
getirilmesi yoluyla tiiretilmis bir sdzciiktiir [1].

Globallesmenin giderek hiz kazandig1r ve genisledigi diinyamizda, bilgiye ulagsma yolunda
iletisimin kullanim1 biiyiik 6nem arz etmektedir ve piyasalarda kalic1 ve giiglii bir konumda
yer edinebilme g¢abasini olusturmaktadir. Bu olusum igerisinde bulunan firmalar agisindan
bilgi-iletisim teknolojilerinde yasanan gelismeleri yakindan izlemeleri bir gereksinim haline
dontigmektedir [1].

Cagimizda internet kiiresellesmenin 6nem kazanmasinin en temelinde kendine yer edinmistir
[1]. Internet iilkeler arasindaki smnirlar1 kaldirarak iilkeleri birbirine baglamistir. Saticilar
iiriinlerini internet iizerinden e ticaret siteleri araciligiyla satisa yonlendirmislerdir [2]. Internet
glinlimiiziin vazgecilmez bir parcasi haline gelerek insan hayatinin merkezinde kendine yer
edinmistir [3].

E-ticaret; firmalarin tiiketiciye zaman kaybi olmadan hizli ve dinamik bir bigimde erisim
saglamada en verimli yontem olarak kabul goriilmektedir [1]. E ticaretin en biiyiik avantaji
olarak insanlarin internet iizerinden zaman ve yer sinirlamalarina bagli olmadan iiriin ve
hizmetleri satin alma ve pazarlama imkanina olanak saglamasi olarak goriilmektedir [4].

Diinya capinda pazarlarda ticaret yapmakta olan firmalar; E-Ticaretin gelisimi ve kullanim
olanaklarmin artisina bagli olarak pazar c¢esitlendirmelerini daha kolay bir bicimde
yapabilmektedirler. Isletmeler E-Ticarete bagl olarak kullanmis olduklari etkili dagitim
yollarin1 gelistirmeleri ile gider maliyetlerini disiirebilir konuma gelebilmektedirler [1]. E-
Ticaret ile miisterinin yasamini devam ettirdigi bolgede stoku bulunmayan tiriinler kargo
sirketleri kullanilarak baska iilke veya sehirlerden miisteriye ulastiriimaktadir [4].

Bilisim sektoriiniin gelisiminde yasanan hiz artis1 bu sektoriin de ticaret amacl kullanilabilir
olabilecegini giindem konusu haline getirmistir [1]. Elektronik ortamdan mal veya hizmetin
alim ve satimi E-Ticaret kavramini dogmustur [2].

E ticaret, bilisim teknolojilerinin gelismesi ve internet kullaniminin artmasiyla ortaya ¢ikmis
onemli kavramlar arasinda yer almaktadir [1].

2. LITERATUR TARAMASI

YASA (2016) “E-ticaret, Tiirkiye'de dogan problemler ve ¢oziim Onerileri” adli ¢aligmasinda
e ticaretin diinya tilkeleri ve Tiirkiye’deki kullanimlarindan dogan sorunlar, ¢6zlim Onerilerine
e ticaret sektoriinde yer alan 32 tane firmaya ait goriiglerle ilgili ¢aligmada bulunmustur [1].
ELIBOL ve digerleri (2004)’nin “Cagdas isletmecilik acisindan elektronik ticaret.” adli
caligmasinda e ticareti, e ticaretin kavrami, Ozellikleri, 6deme yollari, avantaj ve
dezavantajlar1 gibi baslklarla kapsamli olarak incelemislerdir [2]. OZBULUT (2014)
“Tirkiye’de e-ticaretin gelisimi ve uygulamada karsilagilan sorunlar” adli caligmasinda
internetin e ticaret lizerindeki konumundan, e ticaretin ara¢ ve 6deme yontemlerinden,
uygulama sirasinda dogan veya dogabilecek aksakliklardan bahsetmistir [3]. SARAC ve
digerleri (2015)’nin “E-ticaret sitelerinin tasariminda ergonominin énemi” adli ¢aligmasinda
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61 kisi ile gergeklestirilmis bir ankette online aligveriste ergonomik konular ve bu konulara
miisterilerin tutumlar1 incelenmistir [4]. ANBAR (2001) “E-ticarette karsilasilan sorunlar ve
¢oziim Onerileri” adli ¢alismasinda e ticaret kullaniminda karsilasilan problemleri sistematik
olarak incelemis olup bunun sonucunda ¢oziim Onerilerinde bulunmustur [5].
DEMIRDOGMEZ ve arkadaslar1 (2018)’nin “Tiirkiye’de e-ticaret sektdriiniin yillara gore
gelisimi.” adli ¢caligsmasinda e ticaretin lilkemizde gelisimi ve son on yili kapsayan bir siireg
icerisinde kazandigr ivme ile ilgili c¢alismada bulunulmustur [6]. DELEN ve digerleri
(2015)’nin “Egitim Fakiiltesi Web Sitelerinin Islevselliklerinin Incelenmesi: Sorunlar ve
Oneriler.” adl1 ¢alismasinda 94 adet egitim fakiiltesi web sitelerini 23 maddeden olusan bir
form kullanilarak icerik kullanilabilirlik, erise bilirlik ve arama motoru uyumlulugu
bakimindan incelenmistir [7]. TURAN ve digerleri (2009)’1n “E-Ticaret Programciligi ve E-
Ticaretin Tiirkiye’deki Uygulamalari.” adli ¢aligmasinda e ticaret kavramini, kapsamini ve
onemini islemis olup e ticaret web sitesinin unsur ve giivenlikleri detayli bir sekilde ele
almmustir [8]. Acilar (2016)° calismasinda, Bankalar aras1 Kart Merkezi (BKM)’nin “Internet
iizerinden yapilan karth ddemelere ait istatistikleri”, Tiirkiye Istatistik Kurumu (TUIK)’un
yapmis oldugu “Girisimlerde Bilisim Teknolojileri Kullanim Arastirmast” ve “Hane Halki
Bilisim Teknolojileri Kullanim Arastirmasi” ve Avrupa Istatistik Ofisi ‘nin “E-ticaret”
istatistiklerini incelemistir [9]. Koksiiz (2019)’iin “Her Alanda Ergonomi” adli ¢alismasinda
ergonominin bir insanin glinliik yasamina yer edindirilmesi konusu iizerinde durulmustur

[10].

Tablo 1. Literatiir calismasi

NO CALISMANIN ADI YAZAR YILI ANAHTAR KELIMELER
1 E-ticaret, Tur'l.q}{e d? do‘gan‘” Sadik YASA 2016 InFemet, Tekpolop,
problemler ve ¢dziim Onerileri Ticaret, E-Ticaret.
“Cmmdac e . ; Bilgi teknolojisi,
2 Cagdas 1$letm.e01.11k aglsmdan Halil ELIBOL, 2004 Kiiresellesme, internet,
elektronik ticaret Burcu KESICI 0
elektronik ticaret
“Turkiye’de e-ticaretin geligimi . L
3 ve uygulamada karsilasilan Bekir OZBULUT 2014 Internet, E _tlcaret,
" Uygulamadaki Sorunlar
sorunlar
Sclin SARAC, Online aligveri
4 “E-ticaret sitelerinin tasariminda Fikri EGE, 2015 Ergonomi $Tutu$r’n
ergonominin onemi” Mehmet MIMAN, g '
Mehmet Ali AKTAS
5 E-tlcarett? k“arsl}asll'an 's,(’)runlar Adem ANBAR 2001 Elgktronlk ticaret, e-
ve ¢Oziim Onerileri ticarette sorunlar
Mehmet .
6 “Tiirkiye’de e-ticaret sektoriiniin DEMI@OGMEZ, 2018 E-ticaret, Internet,
yillara gore gelisimi.” Nihat GULTEKIN, H. Aligveris, Ticaret, Satis
Yunus TAS
“Egitim Fakiiltesi Web Sitelerinin Erhan DELEN, Egitim Fakiltesi, WEB
. . L . Sitesi, Islevsellik,
7 Islevselliklerinin Incelenmesi: M. Serkan 2015 Kullanilabilirlik
Sorunlar ve Oneriler.” ABDUSSELAM Ul ani ablirii,
Erisilebilirlik.
Internet, Elektronik
“E-Ticaret Programcilig1 ve E- Ticaret, E-ticaret Sitesi,
8 Ticaretin Tg"rki (‘;g K Mehmet TURAN, 2009 Elektronik Ticaret
CUe 1ar1111a1£ b Fahrettin POLAT Giivenligi, Tiirkiye’de
yeu ) Elektronik
Ticaret Uygulamalar
9 E-Ticarette Turlilye Ne Ali ACILAR 2016 E-ticaret, Turkl}fe, e-ticaret
Durumda? hacmi
10 Her Alanda Ergonomi Ayhan KOKSUZ 2019 . Ergonomi, Efor,
Insan(¢aligan), Cevre
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3. E-TICARET
3.1. E Ticaret Kavrami

Son zamanlarda siklikla duymaya basladigimiz e ticaret kavramui ile ilgili ¢ok sayida
tanimlamalar yapilmistir. Elektronik ticaret i¢in yapilan anlamsal olarak en genel tanim su
sekildedir: bilgisayar aglari kullanilarak iiretilmis olan iirlin veya hizmetlerin satilmasi,
pazarlanmasi faaliyetleri olarak tanimlanabilir [1].

3.1.1. E Ticaretin Gergeklestirilmesindeki Temel Ara¢ ve Unsurlar

E—ticarette kullanilabilecek araglara telefon, faks, televizyon ve internet e—ticarette kullanilan
araglardir [3]. E—ticaretin baslica araglarina ise internet 6rnek olarak verilebilir [1].

Standart bir tanimi olmayan E-Ticaretle ilgili yapilan tiim tanimlarda E-ticareti i¢inde
barindirmasi gereken bir takim baglica ortak kabul edilmis 6geler vardir. Bu ortak ogeler
ticaretinin yapilmast miimkiin olan mal veya hizmetin varligi ve bu var olan mal veya
hizmetlerin alim ve satimimi gergeklestirecek iki muhatabin varligi ve alim veya satim
gerceklesmis ise saticiya yapilacak 6demenin araglaridir [1].

3.1.2. E Ticaretin Tarihcgesi

E-Ticaretin nispeten genis bir alanda faaliyet gostermekte olan araglari, giindelik yasamimizin
bir¢ok aninda kullandigimiz araglardan olusmaktadir. Bu araglarda yasantimizda uzunca bir
stiredir yer almakta ve silirekli olarak kullanilmaktadir. Dolayisiyla bu durum gostermesine
bagl olarak, E-Ticaret dile getirildigi kadar yeni bir gelisim igerisinde olan bir kavram
degildir [1]. Elektronik ticaret baslangicta EDI gibi kapali aglar iizerinden
gerceklestirilmekteydi [5].

Diinyadaki yasanmis olan bir takim gelismeler incelendiginde E-Ticaretin gelisim siirecindeki
ilk uygulama 1970’li yillarda yapilmistir. Bu yapilmis olan ¢alisma, kendi konusunda ilk
olarak kabul edilebilecek bir teknoloji liriinii olan elektronik fon transferi yani bankalar
arasinda kurulan EFT kullanilarak yapilmistir. Ilerleyen zamanda ilk E Ticaret uygulamalari
1995 yilinda ABD’de goriilmistiir [1].

E- ticarette dnemli bir yere sahip olan internet ile ilgili ilk ¢aligsmalar Tiirkiye’de 1991 yilinda
baslamuistir [6]. Tiirkiye’deki ilk internet baglantist 64 kbit/sn baglanti hizi ile ODTU
tarafindan 1993 yilinda gergeklestirmistir. Daha sonra sirasiyla Ege Universitesi, Bilkent
Universitesi, Bogazici Universitesi ve ITU takip etmistir [3].

Tiirkiye’de E-Ticaretin uygulanmasina verilebilecek ilk 6rnek, Ege Universitesi Bilgisayar
Arastirma ve Uygulama Merkezi’'nde 1989 yilinda gergeklesmistir. ikinci drnek ise 1992
yilinda yapilmis olan Tiirkiye Cumhuriyeti Merkez Bankasi ile bankalar arasinda baglayan
EFT yani Elektronik Fon Transferi uygulamasidir [1].
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3.1.3. Tiirkiye’de E Ticaret

TUIK 2020 yili Hane Halki Bilisim Teknolojileri Kullanim Arastirmasi sonuglarina gore
internet lizerinden aligveris yapmis olan 16-74 yagslar1 aralifindaki bireylerin 2020 Ocak ile
2020 yili Mart aylar1 arasindaki 3 aylik donemde en fazla satin aldiklar iiriin ve hizmetler
siralandiginda; %60,9’unun giyim, ayakkabi ve aksesuar, %26,1’inin e-kitap hari¢ olmak
iizere basil kitap, dergi ve gazete, %22,5’inin internetten yemek siparisi verme ya da yemek
hizmetleri alma, %21,1’inin kozmetik, gilizellik veya saglik iirlinleri, %17,6’smnin temizlik
iriinleri, kisisel bakim malzemeleri (deterjan, temizlik bezleri, dis firgasi, hijyenik {iriinler
vb.) aldig1 belirlenmistir [11] (Tablo 2).

En fazla satin alinan {iriin ve hizmetlere erkekler acisindan bakildiginda, %54,2’sinin giyim,
ayakkab1 ve aksesuar, %24,1’inin internetten yemek siparisi verme ya da yemek hizmetleri
alma, %?22,5’ inin, e-kitap hari¢ olmak tizere basil kitap, dergi ve gazete seklinde siralandigi
goriilmektedir. Kadinlar i¢in ise en fazla satin alinan iirlinler %68,5 ile giyim, ayakkabi ve
aksesuar, %31,5 ile Kozmetik, giizellik veya saglik tiriinleri, %30,2” ile basili kitap, dergi ve
gazete seklinde siralanmaktadir [11] (Tablo 2).

Tablo 2. Cinsiyete gore son 3 aylik donemde (ocak 2020 - mart 2020) 16-74 yas grubu bireylerin kisisel
kullanim amaciyla internet iizerinden siparis verdigi ya da satin aldigi mal ve hizmet tiirleri 2020[11].

. .o Toplam Erkek Kadin
Mal ve hizmet tiirleri (%) (%) (%)
Giyim (spor giyim dahil), ayakkabi ve aksesuar (¢anta, taki vb.) 60,9 54,2 68,5
Spor malzemeleri (spor giyim harig) 10,7 12,2 8,8
Cocuk oyuncaklari veya ¢ocuk bakim firlinleri (¢ocuk bezi, biberon, bebek 135 12.9 14.2
arabasi vb.)
Mobilya, ev aksesua_rla_rl (l_lah, perde vs.), bahge malzemeleri (bahge 17.0 152 19,0
bitkileri, alet ve edevatlar vb.)
Cd, plak gibi miizik iriinleri 15 1,9 1,1
DVD, Blu-ray vb. film izleme iiriinleri 0,8 1,1 0,5
Basili kitap, dergi, gazete (e-kitap harictir) 26,1 22,5 30,2
Bilgisayar, tablet, cep telefonu veya aksesuarlari 14,8 20,6 8,1
Elektronik araglar (kamera, radyo, TV, DVD oynatici, video vb.) veya 13.9 19.9 71
beyaz ev esyalar1 (¢camasir makinesi, bulasik makinesi, buzdolabi vs.) ' ' '
Ila¢ veya gida takviyeleri (vitaminler, mineraller, dogal iiriinler,
I 7,1 6,2 8,0
probiyotikler vb.)

Internetten yemek siparisi verme ya da yemek hizmetleri alma 22,5 24,1 20,7

Istenilen dlciide yemek hazirlayabilmeye yetecek, icerisinde yemek tarifi ile
birlikte temin edilebilen hazirlanmis taze gida veya icecek gibi malzemeler 5,7 55 6,0

almak

Kozmetik, giizellik ve saglik irtinleri 21,1 12,2 315

Temizlik iiriinleri, kisisel bakim malzemeleri (deterjan, temizlik bezleri, dis
L 17,6 14,9 20,7

firgasi, hijyenik iiriinler vb.)
Bisiklet, motosiklet (moped), araba veya diger araglar ile bu araglarin yedek 41 68 09
parcalari ' ' '

Diger 54 6,5 4,1
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TUIK 2020 y1li Hanehalki Bilisim Teknolojileri Kullanim Arastirmasi sonuglarina gore 16-74
yaslar1 araligindaki bireylerin sahsi kullanimlari i¢in gerekli olan mal veya hizmetin internet
iizerinden siparis verilmesi ya da satin alinilmasi orant 2019 yilinda %34,1 iken bu oran artis
gostererek 2020 yilinda %36,5’e ulagsmustir [11] (Tablo 3).

Cinsiyete gore olan mal veya hizmetin internet iizerinden siparis verilmesi ya da satin
alinilmasi orani, 2020 yilinda erkeklerde %40,2 iken kadinlarda bu oran %32,7 olmustur. Bir
onceki yil incelendiginde ise erkeklerde %38,3 iken kadinlarda bu oran %29,9 olarak
istatistiklere gegmistir [11] (Tablo 3).

Tablo 3. 2019 ve 2020 yillarinda 16-74 yaslar araligindaki bireylerin sahsi kullanimlari ig¢in gerekli olan mal
veya hizmetin internet {izerinden siparis verilmesi ya da satin alinilmasi oran1 [11].

(%)

(0 0 °
En son aligveris zamanina gore e-ticaret verileri Toplam (%) Erkek (%) | Kadun (%)

2019 2020 | 2019 | 2020 | 2019 | 2020
Mal veya hizmet siparisi veren ya da satin alanlar 34,1 36,5 | 38,3 |40,2 | 29,9 | 32,7
Son g ay iginde 23,0 23,9 | 25,3 | 25,7 | 20,8 | 22,2
Ue ay ile bir y1l arasinda 7,0 8,7 80 | 98 | 60 | 7,6
Bir yildan 6nce 41 3,8 51 | 47 | 3,1 | 3,0

3.1.4. Tiirkiye’de Internet Kullanim Oranlar

TUIK 2020 yili Hanehalk: Bilisim Teknolojileri Kullanim Arastirmasi sonuglarina gére 2019
yilinda internete erisim imkani olan hane sayis1 %88,3 iken bu oran 2020 yilinda %90,7’ye
ulagmustir [11] (Sekil 1).

2020 yilinda bireylerin internet kullanim oran1 %79,0 dur. Bir onceki yil incelendiginde bu
oranin %75,3 oldugu gozlemlenmektedir [11] (Sekil 1).

Uriinlerin internet {izerinden siparis verilmesi ya da satin almilmasi oran1 2019 yilinda %34,1
olarak istatistiklere gegerken bu oran artarak 2020 yilinda %36,5 olmustur [11] (Sekil 1).
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Sekil 1. Bireylerin Internet Erisimine Sahip Olma, Internet Kullanimi1 ve Bilisim Teknolojileri Kullanarak Uriin
Siparisi Yada Satin Alma Aragtirmasi [11].

4. E-TICARET SITELERINDE ERGONOMI

Teknolojinin ilerleyisi hem calisanlar hem de o teknolojiyi kullanan insanlar agisindan ¢esitli
sorunlar1 da beraberinde getirmektedir. Bu sorunlarin basinda ergonomik sorunlar
gelmektedir. Kisaca ergonomi, makine, ¢evre veya yazilim gibi insanin kullandigi veya
bulundugu her seyi insana uygun hale getirme calismalardir. Bunun ic¢in dncelikle insanin
fizyolojik, anatomik ve psikolojik 6zellikleri belirlenir. Daha sonra da {iretilen her sey bu
ozellikler dikkate alinarak tasarlanir. Ergonominin temelinde yatan amag¢ insana uygun
tasarimlar yapmak suretiyle, insanlarin rahatini, konforunu ve verimliligini artirmaktir [10].
Elektronik ticaretin Oneminin artmasi ve bunun getirisi olarak genis cografyalarda
kullanilmaya baslanmasi e-ticaret sitelerinde kullanilabilirlik kavramini ortaya atmistir [4].
Bir e ticaret web sitesinde kullanicilar istedikleri iirine kolay bir sekilde ulasmalidirlar [7].
Kullanicilar acisindan ergonomik olmayan bir {riin talep goérmez. E-ticaret sitelerinin
ergonomisi yazilim ergonomisi veya biligsel ergonomi kavrami igerisine girer. Bir yazilimin
ergonomik olabilmesi igin;

v" Kullanim1 ve 6grenimi kolay olmalidir.

v Insan beklentilerine uygun olmalidr.

v Kullanicinin hata yapmasini miimkiin mertebe engellemelidir.

v' Estetik olmalidir.

v" Mimkiin mertebe basit bir yapiya sahip olmalidir.
Bir e-ticaret sitesi ergonomik olmazsa, miisteriler tarafindan fazla tercih edilmez. Buradan
hareketle kolay kullanilabilirlik kullanicinin kullanim ergonomisi diisiiniilerek tasarlanmis bir
site ile miimkiin olabilmektedir [7].

Kullanilabilirlik ile ilgili etkililik, etkinlik ve tatmin olmak {izere toplamda 3 6l¢iit sayilabilir.
Etkililik, kullanicinin kendisine gerekli olan sonuca ulagsma yolunda uygulama iizerindeki
gerceklestirdigi eylemlerdeki basarisi olarak ifade edilmektedir. Etkinlik, bir isin yapilmaya
baslanilmasi i¢in maliyet, zaman, ¢aba gibi harcanabilir kaynaklar ile baglantilidir. Tatmin ise
bir sonu¢ alabilmek icin uygulamayr kullanmakta olan kullanicinin kisisel baglamda
diistincelerinin 6l¢iisii ile ilgilidir [4]. Ayrica bazi kullanilabilirlik faktorlerinin gereksinimleri
saglanmasi bir sistemin ya da web sayfasinin kullaniminin kolay oldugundan bahsedebilmek
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icin gereklidir. Bu gereksinimler; etkin kullanilabilirlik, 6grenile bilirlik, yardimci olma,
anlagila bilirlik, tasarim ve kullanim kolaylig1 olarak siralanabilir [12].

Etkin kullanilabilirlik, olusturulmus olan sistemin verimliliginin maksimum diizeyde
kullanilabilir olmasinin yaninda islemleri giivenli bir bigimde gerceklestirmesi. Ogrenile
bilirlik, kurulmus olan sistemin kullaniminin 6grenilmesi ve Ogrenmenin kisa bir zaman
diliminde miimkiin olabilme durumudur. Yardimci olmak, kurulmus olan sistemde yardim
mentisiiniin  bulunup bulunmamasi ile ilgilidir. Anlasila bilirlik, sistemin meniilerinin
kullanicinin anlayabilmesine olanak saglayacak sekilde agik ifadelerden tasarlanmis
olmasinin yani sira hata bilgi mesajlarinin kullanicilar tarafindan anlagilir olmasidir. Tasarim,
yazi boyutu, istenilen bilginin kullanictya sunum secenekleri, alfabetik siralama ve dil
seceneklerini barindirir. Kullanim kolaylig: ise kullanicimin sonraki adimi 6ngorebilmesi,
kullanici meniisiiniin kullanilis kolayligi, arama ¢ubugu ve kisa yol i¢in olusturulmus tuslardir
[12].

Hatirlana-bilirlik kavrami da kullanilabilirlik kavrami igerisinde kendine yer edinmistir.
Hatirlana-bilirlik bir kullanicinin  gegmiste kullanmis oldugu bir web sitesini tekrar
kullanmaya karar vermesi sonucu giris yaparak kullanmaya basladiginda zorlanmadan daha
onceki giris veya girislerinden hatirlayarak kullanmasi yani kullanicinin bazi islevleri
tekrardan 6grenme gibi bir durum ile karsilasmamasi olarak tanimlanabilir [13].

Bir e ticaret web sitesinde menii, arama ¢ubugu, igerigin alfabetik olarak veya fiyat durumuna
gore siralayabilmek gibi 6zellikler internet sitesinin kullanim kolaylhigin biiyiik 6l¢iide katki
saglar. Kullanicilar ulagsmak istediklerine tek bir sayfadan degil de birden fazla sayfadan
ulasabilmesi yine kullanim kolayligin1 artirmaktadir [7].

Tirkiye’de biligsel ergonomi alaninda sonuglandirilmis c¢alismalar incelendiginde web
sayfalar1 ve ara yiiz tasarimi iizerine yogunlastirdigi yargilarina ulasilmaktadir. Biligsel
ergonomi renklerin kullanimlarim1 ve kullanici ara yiizlerinin gelistirilmesine katki
saglamaktadir [14].

Bir web sitesinin erisilebilir olmas1 da 6nemlidir. Erisilebilirlik, kullanicilarin bir web sitesine
ait icerige kolayca ve sorunsuz bir sekilde ulasmasidir. Bir web sitesine erisilebilir denmesi
icin engelli bireylerin o siteyi kullanabilmelerine imkan saglayan standartlar1 yerine
getirebiliyor olmasi anlamina gelmektedir [7].

4.1. Bilisim Ergonomisi

E-ticaret sitelerinde ergonomi kavraminin anlasilabilmesi i¢in bilisim ekonomisi kavraminin
incelenmesi gereklidir. Bilisim ergonomisi; ergonominin bir alt kolu olan nitelendirilebilecek
olan Biligsel Ergonomi, insan-bilgisayar sistemlerinin daha etkin ve verimli bir ¢alisma
saglayabilmek ic¢in kullanici-gérev-sistem etkilesimini inceleyen bir bilim dahdir ve
enformasyon sistemlerinin tasarimi ve kullanima indirgenebilir [15].

Bilisim ergonomisinin ayrilmaz bir biitiini olan ve bu kavramin kokleri olarak
nitelendirilebilecek bilisim ergonomisinin standartlarin1 inceledigimizde ise su kavramlarla
karsilasiimaktadir. Oncelikle ara yiiz tasariminda k&klii yeniliklerden kagimilmalidir, gecmis
deneyimlerden hatirlanabilecek bir bilindik ara yiliz tasarimi olusturmak gegmis deneyimleri
kullanma ve maddi agidan kolaylik saglar [16]. Ikincil olarak ¢ok y&nlii tasarimlar
yapilmalidir, tasarim yaparken dikkat edilmesi gereken hususlardan birisi ¢ok yonliiliiktiir.
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Cok yonliiliilk kavrami detaylandirmak gerekirse, tasarlanmis uygulama vb. iriinler diger
yazilim ve isletim sistemlerinin ¢esitli varyasyonlarini destekleyecek sekilde belirli standartlar
dahilinde tasarimi yapildig1 zaman ve maliyet anlaminda verimli bir artig saglar. [16].
Peki bilisim ergonomisinin kullanici deneyimine ve kullanilabilirlige olan katkisi nelerdir
sorusunun yanitini aradigimizda ise kullanici ihtiyaglarini karsilama konusunda tasarimda
uygulanabilirligin belirlenmesinde bilisim ergonomisine yonelik bir takim uygulanabilir
metotlar gelistirilmis oldugu goriilmektedir. Bu uygulamalar incelendiginde izlenecek
prosediir maddeler halinde verilebilir. Bu maddeler;

i-Sistem daha tasarim asamasindayken veya yeterli sayida verilerin elde edilmesinde
yeterliligin saglanabilmesine olanak saglamayacak bir kullanict sayisi bulundugunda gerekli
beceriye sahip bir kisi tarafindan analitik degerlendirme yapilabilmektedir [16].

ii-Gozlem metodu ile kullanilabilirlik test edilebilmektedir. Gozlem metodunu
uygulayacak kisinin olusturulmus olan ara yiizii belirli bir sistematiklik ile
gozlemleyebilmesine olanak saglayacak bir konumda olmasi beklenir [16].

iii-Eger ki sistem kurulmus veya fiziksel olarak incelenmesine olanak saglayacak bir
prototip bulunmasi deneysel degerlendirme yapilmasina olanak saglamaktadir. Deneysel
degerlendirme de test metodolojisine ve degerlendirme tekniklerini uygulama konusuna
hakim kisiler tarafindan degerlendirme agamas: yiiriitiilmelidir [16].

5. SONUC

E ticaret diinyada oldugu kadar iilkemizde de biiyiikk bir 6neme sahiptir. Bilgi iletisim
teknolojileri her gecen giin ilerlemekte ve internet kullanici sayisi artmaktadir. Internetin
1990’11 yillardan baslayan yayginlasma siirecinden bugiine siiregelen bu ilerleyis e ticaret
sitelerinin ilerleyisine katki saglasa da kullanim oran1 internet kullanim oranim
yakalayamamustir.

Bireylerde internet kullanimi1 Tablo 3’te goriildiigii gibi %79,0’lara kadar artis gdstermis
olmasina karsin e ticaret sitelerinden {iriin satin alma oran1 %40 seviyesinden daha diisiik bir
seviyede kalmistir.

Internet aglarmin gelistirilmesi ve genisletilmesi, e ticaret hakkinda bilgilendirme
programlarinin tasarlanip halka sunulmasi, kullanici sayisini artirilmasinda etkili olacaktir.

Bunlara ek olarak e ticaret web sitelerinin yasli ve engellilerin kullanmalarini kolaylastiracak
meniilerin eklenmesi ve kullanilabilirlik faktorleri g6z Onilinde bulundurularak site
tasarimlarinin gerceklestirilmesi kullanici sayisinin artirilmasinda biiytik rol iistlenecektir.

Glinlimiizde insanoglunun kiiresel anlamada alisveris aliskanliklart bu makalede
incelenmistir. Ancak aligkanliklarina siki sikiya bagimli olan toplumlarn dahi sahip oldugu
toplumsal bellegin gecerliligini yitirdigi sonucuna igerisinde bulundugumuz salgin siirecini
inceledigimizde varilabilir. Sekil-1 incelendiginde iilkemizde e ticaret hacminin 2020 yilinda
2019 yilina gore %7,03 oraninda artarak %36,5 seviyesine geldigi goriilmektedir [11]. Bu
artisa gore insanlarin alisilagelmis aligveris kiiltiirtinde degisiklik oldugu ve bunu degisikligin
olusumunda e-ticarete yonelimin etkili oldugu iddia edilebilir [17].

Ulkemizde 2019 yil1 verileri ile modellenen tahmin algoritmalarma gére 2020 yilinda e-ticaret

pazar payimda %66 artig gostererek 226 milyar Tiirk lirasi diizeyine ulasacagi ongoriilmiistiir.
[18]. Ulkemizdeki e-ticaretin 2020 yili tutar1 olan 226 milyar Tiirk liras1 hacmindeki pazar
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paylar1 incelendiginde, yaklagik olarak %92’sinin yurt i¢i harcamalar, %4 {inlin yurtdis
harcamalar1 ve kalan kisminin ise diger iilke vatandaslarinin {ilkemiz e-ticaret
platformlarindan yaptig1 harcamalar oldugu verisine ulasilabilir [18].

Salgin siireci boyunda e-aligveris aliskanlig1 gittikge artmistir ve e-aligveris yapan birey sayisi
26 milyona yaklagmistir [11]. 84 milyonluk niifusumuz ele alindiginda kisi basina diisen
alisveris sayist %36’ya ulasmigtir [11, 19].
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ABSTRACT: The importance of force measurement systems for industry and agriculture continues to increase
gradually and progressively. Load cells measure forces and weights and increase efficiency and effectiveness in
many applications. With the help of advanced technology, more user-friendly and highly-accurate force
measurement systems need to increase rapidly to meet production requirements. Although there are different test
setups for the torque and force measurements of the systems used in our country, there is a need for torque and
draught force measuring devices for tractors. In today's technology, the torque meter has become very important
in industry and other fields. Torque meter is a device that measures and records the torque in a rotating system
such as engine, crankshaft, gearbox, rotor. In this study, solid state modelling, analysis and production for the
torque meter were carried out in order to develop the most suitable torque measuring device. The selection of the
appropriate design minimizes the errors of the production. Therefore, Finite Element Analysis (FEA) was
conducted in order to produce the most appropriate torque measuring device for a given range. According to the
results of the analyses, it was decided to choose the most suitable material due to the elongation value of the
material and dimensions & shape of the torque meter. Force versus voltage output plot indicated high-R2 value
(0.9834) in regression model demonstrating the regression line fits the data better. It is shown that the system is
consistent because the resulting value is very close to 1.

Keywords: Elongation, Force, Load Cell, Strain Gauge, Torque Meter, Wheatstone Bridge.

TORKMETRE CIHAZININ TASARIMI, ANALIiZI VE TEST EDILMESI

OZ: Sanayi ve tarim igin kuvvet dlgiim sistemlerinin 6nemi her gecen giin 6nemi artmaya devam etmektedir.
Yiik hiicreleri, kuvvetleri 6lgmek ve birgok uygulamada verimliligi ve etkinligi artirmak i¢in tartim ve kuvvet
6l¢limii yaparlar. ileri teknolojinin yardimiyla, daha kullanici dostu ve dogrulugu yiiksek kuvvet dlciim
sistemleri, iiretim gereksinimlerini karsilamak icin hizla artmaya ihtiyac duyarlar. Ulkemizde kullanilan
traktorlerin tork ve kuvvet Olglimleri i¢in farkli test kurulumlarr olmakla birlikte sistemler i¢in tork ve kuvvet
Olclim cihazi ihtiyacit bulunmaktadir. Gilinlimiiz teknolojisinde torkmetre, endiistri ve diger alanlarda ¢ok 6nemli
hale gelmistir. Torkmetre, motor, krank mili, sanziman, rotor gibi donen bir sistemdeki torku 6lgen ve kaydeden
bir cihazdir. Bu ¢alisgmada, katt modelleme ile tasarim, analiz ve tiretim en uygun tork 6l¢iim cihazi hedeflenerek
gerceklestirilmigtir. Uygun tasarim segimi iiretim hata oranini en aza indirmektedir. Bu yiizden belirlenen
araliklar i¢in en uygun tork Ol¢lim cihazini imal etmek igin sonlu elemanlar analizi kullamilmigtir. Malzeme
uzama degeri, torkmetre boyut ve formuna bakilarak analiz sonuglarina gore en uygun malzeme segimine karar
verilir. Gerilme-kuvvet grafiginde goriildiigii gibi, yiiksek R? degeri (0,9834) regresyon modelinden elde
edilmistir. Bu degerin 1'e yakin olmasi sistemin tutarli oldugunu gostermistir.

Anahtar Kelimeler: Gerinim Olger, Kuvvet, Tork Olcer, Uzama, Yiik Hiicresi, Wheatstone K&priisii.
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1. INTRODUCTION

Load cells are widely used to measure forces and increase efficiency. Load cells are sensors
commonly used in industry to measure force or weight. They are especially used in weighing
instruments, check scales, multi-head scales. As the performance of these machines is
increasing (operating speeds can exceed hundred weights per minute), their costs and
dimensions are constantly decreasing.

Load cell is able to analyze force, weight, moment, stress, strain, displacement etc. in real
time. It is a mechanical part that is used to measure physical change. The electronic board is
an electronic part that is used to process the signal coming from the load cell. The software is
the medium that processes the signals produced by the electronic card and displays it to the
user.

Torque meters and load cells are designed using 3d solid state modelling. In order to observe
the measurement performance of torque meters and load cells, some parameters such as
weight, stress, strain, displacement should be calculated. Finite Element Analysis (FEA) is a
virtual analysis method to calculate the required parameters without manufacturing and
testing in real environment. It is very vital to investigate the torque meter performance both
virtual and testing environment.

Torque is calculated by measuring the torsion of the shaft by means of angular displacement
or elongation sensors. For this purpose, special torque meters can be used by connecting
directly to the shaft other than flanges or bearing. The other method is based on the
measurement of twisting of the shaft according to the applied load. The transmission of the
signal resulting from the applied load depends on whether the shaft is rotating or not. If the
shaft is rotating, the rotating sensors on the shaft can transmit their signals with the electronic
signal processing card using with or without wireless systems [1].

In this study, a torque meter was designed, analysed and tested in order to develop a simple
solution for industrial and other applications requiring torque measurements.

2. LITERATURE REVIEW

Within the scope of this study, plastic-based composite plates exposed to preloads and the
adhesive bonds of these plates to examine the creep effect against time, an apparatus for this
purpose was designed and manufactured. Static load in the tensile direction at different forces
on the test setup was able to apply. The preload value of the axial force applied to the samples
could be transferred to the samples with the torque meter [2].

In this study, a three-dimensional force transducer and a real-time force measurement system
were used to measure force changes at the coupling points of tractors. The wireless force
measurement system was developed. This system had ability to measure forces in three
dimensions. Test results showed that the force measurement system had close results with
compare to the commercially used load cells. Additionally, this system had an ability to
obtain field data with using wireless communication and force results can be investigated by
graphic based screen [3].

In this study, the traction performance of an agricultural tractor was analyzed according to the
soil moisture content. In this experimental study, a load measurement system was mounted on
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the tractor using a wheel torque meter, a proximity sensor, a six-component load cell and a
data acquisition system [4].

A novel model-based filtering technique for load cells was proposed in this work to ensure
short settling time in dynamic weighing through load cells. The filters obtained, referred to as
Shaper-Based Filters (SBFs), were based on the convolution of load cell signals with a
sequence of a few impulses, typically between two and five impulses. The amplitudes and
time instants of these impulses were computed through the system dynamic model, the level
of admissible residual oscillations in steady-state filtered signal and the desired robustness [5].

The review discussed the strain sensing technology used in multi-axis force sensors. Electrical
resistance voltages have been the standard mechanism for measuring induced voltage in the
sensor structure for decades. Although they are ubiquitous, these sensors have limitations that
are impractical in many applications. Specifically, the advantages offered by fiber Bragg
gratings include: (a) immunity to electromagnetic interference, (b) reduced size and weight,
(c) superior strain resolution, (d) environmental stiffness, and (e) optical multiplexing.
Although semiconductor strain gauges and capacitive sensing are available in the literature,
they are primarily used in exceptional cases such as miniature force sensors [6].

A column-type sensing element was designed as a multi-component force/moment sensor by
attaching strain gauges. The ratio of length to diameter (L/D) for the sensing element was
designed analytically and verified by finite element analysis. To reduce the interference error
of each loading component, this article proposed a method of separation by addition and
subtraction using the signals of strain gauges [7].

This study discusses a new method for evaluating the torque output of an orbital motor. The
method involved evaluating the pressure within each chamber, taking into account the
handling characteristics of the machine. Depending on the pressurization, instantaneous
normal contact forces were evaluated using geometric intersection and validated contact
mechanics relationships. The net torque output from the simulation was compared with the
ideal values and those obtained from the experiments in terms of both instantaneous and
average values. Comparison of the results showed that the proposed approach could predict
the torque output trend with always less error than experimental values, but this deviation is
observed under only a few operating conditions [8].

The traction load measurement system was developed to measure field data for traction
performance evaluation during tillage operations. A 78 kW farm tractor was used to build a
load measuring tractor. The aim of this study was to analyze the traction performance of an
agricultural tractor according to soil moisture content (SMC). A load measurement system
was assembled using a wheel torque meter, a proximity sensor, a six-component load cell, and
a data acquisition system. Thus, the traction efficiency at the highest SMC level was 95.3% at
the lowest SMC level. Therefore, the results from this study provided an approach for
evaluating tractor traction performance based on SMC levels [9].

This study presented an innovative design for a multi-capacity force measuring device. It was
proposed that this instrument could replace a set of force transducers constructed to cover a
specified force measurement range. It also provided a solution to the constraints limiting the
use of an ordinary force converter where it was recommended to use a force converter at a
load below 10% or above 100% of its rated capacity. The capacity of the system was doubled
from 10 kN to 20 kN [10].
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3. MATERIAL AND METHOD
3.1. Computer Aided Engineering (CAE) Analysis

Conceptual design and three-dimensional solid state modeling of the torque meter were made
using Autodesk Inventor program (Figure 1). Static structural analysis was performed in order
to observe the stress behavior of the product design and to provide input to the design with
Finite Element Analysis method. Local meshing method was used in order to investigate the
behaviors of the torque meter. AISI 1050 and 4140 steel materials were used due to
mechanical properties. In the second stage, the prototype was manufactured by applying
machining processes.

Figure 1. 1050 (1) and 4140 (2) Steel Assembly.

3.2. Mechanics

A torque sensor, torque converter or torque meter is a sensor used to measure the torque value
and use the data obtained in a rotating mechanism such as a motor, crankshaft, gearbox,
gearbox, rotor, bicycle crankshaft or cap torque tester. Measuring the dynamic torque value
can be said to be difficult to measure because the measurement data requires the transfer of
some influence (electrical, hydraulic or magnetic) from the obtained shaft to a static system.
Torque meter is used to obtain the applied strain values. Newer types of torque converters add
conditioning electronics and an A/D converter to the rotating shaft. The electronic cards then
read the signals and convert the signals into a high level analog output signal value such as +/-
5-10V DC [11].

Figure 2. Custom designed 3D Force Transducers [11].
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The strain gauge torque meter is used as a force transducer. Mechanical part of these
transducers are custom designed torque measuring device with different ranges of 0-100 Nm,
0-500 Nm, 0-2000 Nm, 0-10000 Nm and 0-20000 Nm (Figure 2).

3.3. Electronics

The designed system has a torque meter, an ADC, an MCU, an RF Module and a PC. For
sensing force variations on three-point linkage, Wheatstone Bridge is used on torque meter.
The analog voltage outputs on bridges were amplified with an instrumentation amplifier and
converted to digital signal using 24 bit ADC. Digitalized values processed by the MCU and
transferred to PC via RF signals. The PC provides us graphical monitoring the processed field
data in real-time. In order to decrease the noise on Torque meter, the regulated DC power
source has been used for supplying Wheatstone bridge. And also for this purpose cable shields
have been connected to the ground as shown in Figure 3 [3].

Wheatstone Bridge ADC
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Figure 3. Shield Grounding for Noise Reduction [3].
4. RESULTS AND DISCUSSION

Stress analysis was performed by applying moment and force at different values to the torque
meter. The findings showed that the designed torque meter was appropriate for measuring
torques accurately and precisely.

4.1. Displacements in Torque Meter

B Moment:1
Load Type Moment
Magnitude |1000,000 N mm
Vector X |-1000,000 N mm
Vector Y |-0,000 N mm
Vector Z 0,000 N mm

B Selected Face(s)

Figure 4. Application of a torque of 2000 Nmm.
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Figure 5. Displacement on the X, Y and Z axis.

Structural analysis or stress analysis ensuring the correct selection of materials and the correct
use of materials determined the safety coefficients of the current system and to optimize the
material, cost, production time and strength values in the manufacturing processes.

The maximum elongation for AISI 4140 steel was 25.7% and the maximum elongation for
AISI 1050 steel was 9% and then the AISI 1050 steel was fixed at the fixed point, while the
other force and torque were applied separately to the shape (Figure 4). The maximum
elongation value of 25.7% was the desired value in order to find the places where the strain
gauges are glued. Some of these forces and moments are 1000 N, 10000 N, 1000 Nmm and
10000 Nmm, respectively (Figure 5). The dimensions of the developed torque meters were
checked iteratively and a number of stress analyzes were performed to select the proper
materials.

For the suitable elongation, the required stress and strain values were taken as reference. The
principal stress and strain values on all axes were taken as reference. As a result of the
detailed examination, a number of steel materials were tested and two types of steel were
identified for production as AISI 4140 and AISI 1050 Steel.

4.2. Torque Meter Test Results

The tests were conducted after the torque meter manufacturing phase was completed. Since
the value of the multimeter is very small when the test is performed, the amplifier circuit must
be designed and developed. Thus, the instrumentation amplifier, INA128 was used. This
process is also called as signal conditioning.

/
Figure 6. Combination of INA 128 with torque meter.
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ze 5 9% | i 3
Figure 7. Application of 139.3 N and 278.6 N forces on the torque meter.

Then, a torque meter was applied to the small scale and the voltage change values were
observed. The observed values can be seen in Table 1.

Table 1. Force and Voltage Values for Torque meter.

Force (N) Voltage (V)
139.3 11.73
209.1 11.35
278.2 11.05
350.1 10.74
439.9 10.16

A minimum of 130 N forces was taken in order to conduct the calibration. The voltage values
were then taken by applying force separately from small to large, and the resulting values
were plotted (Figure 8).

Chart Title
1000

200
800
700
600

500

Force (F)

400

300

yv=-136,77x + 1784,8
200 R>=10,9834

100

B 7 B 9 10 11 12

Voltage Output (Volt)
Figure 8. Force versus Voltage Values.
When the table is examined in detail, the y formula gives the force value and R? value is

found to be 0.9834. It is shown that the system is consistent because the resulting value is
very close to 1.
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CONCLUSION

In this experimental study, a number of criteria were aimed to facilitate the manufacturing
process for the development of torque meter. These aimed criteria are the choice of material,
stress, strain and displacement properties of the material under different torques. In addition,
accuracy, precision and range of the measurement are other important features. The selected
material provided the desired stress and strain values for the expected elongations. When
selecting the material, several iterative FEA analyses were conducted. The size and shape of
the torque meter were optimized for sensitive measurement. After the drawing, it was decided
that there should be two types of steel. After comparing the obtained values with theoretical
values the minimum and maximum torque values of the product were determined. These
steels were identified as AISI 1050 and AISI 4140 steel. AISI 1050 is a steel with high stress
value, low elongation steel and AISI 4140 steel stress value lower than other steel and higher
elongation value. In the next step of this study, it is aimed to investigate the torque meter
performance both virtual and testing environment.
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OZET: Giines enerjisinin tarimsal sulamada kullanilabilmesi ve elektrige doniistiiriilmesi konusunda yapilan bu
calismada, ilk etapta ililkemizin giines enerjisi potansiyeli alaninda elde edilen istatistiksel veriler incelenmis ve
birim alana diisen enerjinin yeterli oldugu kanaatine varilmistir. Giines enerjisinin sdz konusu islerde
kullanilabilmesi i¢in yapisi basit, agirligi az ve hacimce ¢ok kiigiik olan distan 1sitmali bir motorun gelistirilmesine
ihtiya¢ duyulmaktadir. Calismada Stirling motorlarinin gelismesine iliskin literatiir gézden gegirildikten sonra,
simdiye kadar yapilan ¢alismalarda ortaya ¢ikan olumlu ve olumsuz sonuglari géz 6niinde tutarak, ¢alisma maddesi
hava olan, serbest pistonlu bir model tasarlanmistir. Tasarlanan modelin 500 Watt enerji {iretecek bir prototipin
1sitict analizi yapilmistir.

Anahtar Kelimeler: Serbest yer degistirme pistonlu Stirling motoru, Enerji doniisiimii, Giines enerjisi.

HEATER ANALYSIS OF A FREE DISPLACER STIRLING ENGINE
DESIGNED FOR THE USE OF SOLAR ENERGY IN IRRIGATION AND
ELECTRICITY PRODUCTION

ABSTRACT: In this study, made on the use of solar energy for irrigation and electricity production, initially the
statistical data of solar energy density of Turkiye was examined and found to be adequate. On order to use the
solar energy in irrigation and electricity production, the development of an externally heated, structurally simple,
small and light engine is required. In the study, after examination of the literature of Stirling engines, an engine
model has been designed that uses air as the working fluid and works of a free displacer. The model was carried
out and the dimensions of a prototype with 500 Watt power output were estimated.

Key Words: Free displacer Stirling engine, Energy conversion, Solar energy.
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1. GIRIS

Distan 1sitma prensibine gore calisan Stirling motorlari ilk olarak 1816 yilinda Robert Stirling
tarafindan imal edilmistir [1-2]. Bugiin icin Stirling motorlar1 ticari {iretim seviyesine ulagmis
sayllmamakla birlikte, ulasilan teknolojik seviye bu motorlar i¢in son derece imit vericidir.
Halihazirda 6zel amaglarla ticari firmalarin veya arastirma kurumlarinin imal etmis oldugu
Stirling motorlarinin prototip veya deneme asamasinda olanlar1 mevcuttur. Isiveren veya isiya
donistiiriilebilen her tiirlii enerji kaynag ile ¢alisan Stirling motoru gelecekte hareket motoru,
sogutma makinesi, 1s1 pompast ve basing motoru olarak muhtemelen daha iyi taninacaktir.
Ayrica lilkemiz ve diinyadaki enerji problemine ¢6ziim olabilecek motorlardan biri olmaya
adaydir. Ozellikle Tiirkiye gibi bol giines enerjisi, termal su kaynaklari, diisiik kalorili komiir
yataklar1 vs. bol bulundugu iilkelerde, bu motordan faydalanmak sureti ile biiyiik 6l¢iide enerji
tasarrufu saglanabilecegi gibi ¢evre ve insan lizerindeki zararli etkisi de minimum diizeyde
olacaktir. Ulkemiz giines enerjisi potansiyeli, 6zellikle yaz aylarinda birim alana diisen giines
enerjisi miktar1 olduke¢a fazladir [3] . Simdiye kadar giines enerjisi ¢cok diisiik verim ile su 1sitma
amaglh kullamilmistir. Bu zenginligi bosa harcama liiksiine sahip olmayan ilkemiz icin,
tiilkenmeyen kaynaklar olan giines onlimiizdeki yillarin ana enerji ve elektrik kaynagi olmaya
adaydir. Ik yatirim maliyetinden sonra, bakim ihtiyaci sifira yakin olan sistemlerin birim
fiyatlar1 diinya genelinde diismeye baslamistir.

Ulkemizde ve diinyada Stirling motorlar1 ve beraberinde elektrik elde etme ¢alismalar1 mevcut
olup, iilkemizde de daha 6nceden ve hali hazirda devam eden ¢alismalar bulunmaktadir ve bu
calisma gruplar1 arastirmalarina devam etmektedir [4-12].

Bu cakilmada serbest yer degistirme pistonlu bir Stirling motorunun tasarimi yapilmis,
calistirilmasina yonelik temel prensipleri belirlenmistir. Is1 motora harici bir 1s1 kaynagindan
aktarilacagindan 1siticinin pleyt seklinde olasi kararlagtirilmis ve boyutlandirilmasi igin
analizleri yapilmustir.

2. MOTOR VE ISITICI

2.1. Tasarimi Yapilan Motor ve Calismasi

Tasarimi1 yapilan ve hava kullanilarak c¢alistirilmasi distiniilen Stirling motoru Sekil 1’de
sematik olarak goriilmektedir, motorun ¢alismasi kisaca dort alt baslikla anlatilmagtir.
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Sekil 1. Tasarimi Yapilan Stirling Motorunun Sematik Resmi.

2.1.1. Havanin motor icine alinmasi

Havanin motor silindirine alinmasi baslangicinda gii¢ pistonu AON’da ve ¢ikis portu agik
durumdadir. Yer degistirme pistonu ise st flansa yapisik vaziyettedir. Dolayisiyla piston ile
yer degistirme pistonu arasinda kalan, genlesme hacmindeki basing atmosfer basincina esittir.
Bu durumda yer degistirme pistonunun 6n yiizeyi atmosfer basincinin, kuyruk kismi ise basingl
hava haznesindeki yiiksek basincin etkisi altindadir. Haznedeki yliksek basing yer degistirme
pistonu kuyruguna etki ederek yer degistirme pistonu gii¢ pistonuna dogru hareket ettirir.
Hareket eden yer degistirme pistonu On tarafindaki hacmi daraltirken arka tarafinda vakum
olusturur, bu vakumun meydana getirdigi basing farki ile tek yonlii valf agilir ve yer degistirme
pistonu arka tarafina atmosferik sartlardaki hava dolar. Bu islem yer degistirme pistonu kursu
boyunca devam eder.

2.1.2. Motora alinan havanin sikistirilmasi

Sikistirma baslangicinda gii¢ pistonu AON’da, yer degistirme pistonu ise bir &nceki periyodun
sonucu olarak gii¢ pistonu tlizerindedir. Volan iizerinde biriken enerji ile gii¢ pistonunu yukari
dogru hareket ettirir. Bu hareket ile ¢ikis portunu kapanmaya baslar ve ayn1 zamanda gii¢
pistonu iizerinde bulunan yer degistirme pistonu da gii¢ pistonu ile hareket etmeye baslar. Yer
degistirme pistonunun gii¢ pistonu ile yukar: dogru hareketi havay: sikistirmaya baglar ve bu
sikigtirma gii¢ pistonunun UON’ya varmast ile son bulur. Bu durumda, yer degistirme pistonu
arkasindaki hava sikistirma sonu basinci degerine ulasmis ve 1siticinin genlesme bolgesine agik
olan ucu a¢ilmaya baslamis durumdadir.

2.1.3. Sikistirilan havanin yer degistirerek 1sitnmasi

Bir dnceki periyodun devami olan bu islem gii¢ pistonu ile beraber hareket eden yer degistirme
pistonunun, 1siticinin sicak ucunu agmasit ile baslar. Isiticinin sicak ucunun agilmaya baglamasi
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ile sikisan hava 1sitict lizerinden gecerek piston ile yer degistirme pistonu arasina dolmaya
baslar. Isitici lizerinden gegen havanin 1sinarak basinci artar, basinci aratan hava yer degistirme
pistonunu yukar1 dogru iterek arka tarafindaki sikigmis havayi 1sitic1 iizerinden yer degistirme
pistonu ile gii¢ pistonu arasindaki hacme pompalamaya devam eder. Yer degistirme pistonu bu
islemi gerceklestirirken gii¢ pistonu yaklasmakta olup, hiz1 azalmistir. Giig pistonu UON’ya
geldiginde yer degistirme pistonu pompalama isini tamamlamis olur. Bu durumda yer
degistirme pistonu silindir flans1 ile temas halinde, gii¢ pistonu ise tam UON’da yoén
degistirmek tizeredir.

2.1.4. Isinan havanin genlesmesi

Bu durumda gii¢ pistonu UON’da, yer degistirme pistonu ise silindir flans1 ile temas halindedir.
Volanin ataleti ile UON’y1 atlatan piston lizerine 1sinarak basinci artan gaz etki eder. Giig
pistonu basingh gazin etkisi ile asagiya dogru hareket etmeye baslar ve boylece genlesme
baslamis olur. Genlesme; yani motordan gii¢ alinmasi islemi gii¢ pistonunun AON’ya gelmeden
once ¢ikis portunu agmaya basladigi ana kadar devam eder. Gii¢ pistonu ¢ikis portunu agmaya
basladig1 anda genlesme hacmindeki sicak ve basingli hava atmosfer sartlarindaki ortama dogru
akmaya baglar. Bu islem devam ederken sicak gazin basinci diisecegi ic¢in, basingli hava
haznesindeki basing yer degistirme pistonunu ani olarak asagiya dogru itecektir. Bu itme,
genlesme hacmi igindeki artik sicak havayi ¢ikis portundan atmosfer ortamina atar. Ayni
zamanda yer degistirme pistonu arkasinda basing farki olusturup, tek yonlii valfin agilmasini
saglayarak diger ¢evrim i¢in motor i¢ine tekrar hava alinmasina sebep olur.

2.1.5. Isitica

Tasarim1 yapilan motorda parga sayisi ve detayin miimkiin oldugu kadar az olmasina dikkat
edilmistir. Bundaki amag; imalat ve ¢alistirma sirasinda ortaya ¢ikacak problemleri azaltmaktir.
Imalat esnasinda ortaya ¢ikacak problemler tasarim {izerinde tadilat yapmak sureti ile
giderilebilir, fakat imalat tamamlanip calistirma islemine baslandiktan sonraki problemler
tasarimin tamamen degismesine sebep olacaktir. Bu sebeple calisma sirasinda ortaya ¢ikacak
en biiyiik problem kullanilacak olan ¢alisma maddesine bagli olacaktir.

Stirling motorlarinda ¢alisma maddesi olarak genellikle helyum veya hidrojen kullanilmaktadir.
Calisma maddesi olarak bu gazlarin kullanilmasindaki amac; hacimce kiiciik, derli toplu bir
motor gelistirmektir. Stirling motorlarinda sizdirmazlik problemi heniiz bertaraf edilmedigi i¢in
helyum ve hidrojen kullanilan sistemlerde bu gazlarin kagisini 6nlemek amaci ile yapilan ilave
sistemler, gelistirilmek istenen motorlart daha da biiyilitmiistiir. Bunun yaninda bu gazlarin
kullanilmast miikemmel ¢alisan bir sogutucuyu da gerekli kilmaktadir. Helyum ve hidrojen
gazinin ¢aligma maddesi olarak kullanilmasindaki diger bir problemde bu gazlarin teminindeki
zorluktur.

Bu zorluk ve detaylardan kurtulmak i¢in ¢alisma maddesini her is zamaninin sonunda disar1
birakan bir konstriiksiyon bigimi tercih edilerek, calisma maddesi olarak hava kullanilmasi
uygun goriilmiistiir. Havanin ¢alisma maddesi olarak kullanilmasi motor giiciine etki edecektir.
Fakat yukarida bahsi gegen problemlere ¢oziim olacak, ayni zamanda da tasarimi yapilan
motora deneme sathasinda maliyet bakimindan biiyiik avantajlar saglayacaktir.

Kullanilacak olan hava her ¢evrimde yenisi ile degistirilerek, silindir igerisinde siirekli bir akis
gerceklestirilecektir. Her ¢evrimde havanin disaridan alinmasi bir miktar tozu silindir ve 1sitict
icine tasiyacaktir. Tasinan bu toz 6zellikle 1sitic1 igerisinde 1s1l direng meydana getirecektir. Bu
sebeple emsal motorlarda kullanilan kilcal borulu isitict kullanilmasi miimkiin degildir.
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Motorda kullanilacak olan isiticinin temizlenme 6zelligine sahip olmasi dolayisiyla kolayca
sokiiliip takilacak bicimde olmasi gerekmektedir. Diisliniilen 1sitict pleyt seklinde olup,
motorda kullanilacak calisma maddesi silindirler aras1 yer degistirme sirasinda isiticinin i¢
ylizeyleri arasindan gegerken isinacaktir. Isiticinin pleyt seklinde olmasi, 1s1 kaynagi olarak
kullanilmasi diisiiniilen glines enerjisinin 1sitictya aktarilmasinda kolaylik saglayacaktir.

Isiticidaki akis ¢izgilerinin bozulmadigini yani laminer ve duvar sicakliginin her yerde ayni
oldugu kabul edilerek 1siticinin analizi yapilacaktir. Motorda kullanilmasi diigiiniilen 1siticinin
detayl1 olmayan resmi Sekil 2'de goriilmektedir.

e

cc‘uc.azaauééa,‘é

Sekil 2. Tasarimda Kullanilmasi Diisiiniilen Isitici.

Paralel duvarli 1siticida hava hiz;

u=c,ly,’ -y (2.1)
N 2
u :Eu[l—y—z} (2.2)
2 Yu
Hava tabakasi i¢in enerji denklemi;
izl AT
U—=a—, (2.3)
X J
Kabul edelim ki sicaklik profili ;
T=a,+ay+a,y’ (2.4)

seklindedir. Bu esitligin y' ye gore tiirevi alindiginda;

or
o=y (2.5)

olur. Kanalin ortasindaki sinir sarti; y =0, % =0dan a, =0 bulunur ve sicaklik profili;

T=a,+a,y’ (2.6)
olur. Duvardaki sinir sarti; y=y,, , T =T, kullanilirsa

T,=a, +a,Y; 2.7)
a,=T,-a,Y, (2.8)

olur. Bu denklemi 2.6 esitligine yazdigimizda;
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T :Tw _azy\:zv +8.2y2
T=T,+a[y* -y,
olur. Son ifadeden;
T _2_ 2]

o

2

=2a,
Ifadeleri elde edilir. Bunlar 2.3 esitligine yazilirsa;

U%[yz - 2= 20a,

olur. u, 2.1 den yerine yazildiginda;
A, [ 2 HP
c, —=|y* - =208
0 X [y yw] 2
diferansiyel denklemi elde edilir. Yeniden diizenlersek
a, 2a

= a
> 2
X Co [y2 - yvzv]
olur. Denklemin genel ¢6ziimii;
2a

— X
az — keCO[yz_y\?v]Z

olur. 0, nin bu degerini 2.11e yazdigimizda,
2a

I —t
T=T,+ keCO.[yz—y\%,]z [y2 - y\i]
olur. x=0, T =T,, sinir sartindan;
Tin =Tw + k[y2 - yvzv]

Tin _Tw
k=—2—3

Y = Yu

olarak elde edilir. k' nin bu degeri. 2.17 denklemine yazildiginda

2a
T, T bl [2 oo
T=TW+ 00 Wecoy Yw y _yW
y - Ve | |

2a

T=T,+[T, -,
bulunur. 2.1 ve 2.2 den Co1 yerine yazdigimizda;

2x

3 u 2
S v2-vgl

T =T, + [T, —T,le>%

4XX
T=T,+[T,—T,le 3%
olarak elde edilir.
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Bulunan bu denklemi tasarlanan 1siticinin degisik degerleri i¢in kullandigimiz zaman, motora
en uygun 1sitict Olgiileri belirlenecektir. Hesabi yapilan degerler ve sonucglari Tablo 1°de
verilmisgtir.

B mmp
AT |

Sekil 3. Isitict Boyutlar.

Tablo 1. Kanal Cap1 Ve Boyuna Bagli Olarak Isitici Cikis Sicakligr.

h (m) yw(m) | x(m) | T(K)
01 | 892
0,00025 | 0,000125 —%e— o0
01 | 892
00005 | 0,00025 |— " g

3. SONUC

Isiticinin degisik degerlerdeki kanal boyu ve kanal capi ile yapilan hesaplamalar1 sonucu
bulunan degerler incelendiginde; kanal boyunun 0,15 m ve kanal ¢apinin 0,00025 m 6lgiilerine
sahip olan 1siticidan elde edilen ¢ikis sicakliginin istenilen degere yakin oldugu ve tasarlanan
motorda bu 6l¢tilerdeki 1siticinin kullanilmasinin uygun oldugu anlasilmistir. Tasarimi yapilan
bu motor kurs boyu uygun bir motora adapte edilerek denemelere tabi tutulacaktir. Baglangicta
151 kaynagi olarak elektrikli 1sitic1 veya bir piirlimiiz kullanilacaktir. Daha sonra 1sitict iizerine
giinesi takip eden parabolik bir ayna yerlestirerek, bu aynaya gelen 1s1y1 da 1sitic1 iizerine
aktararak sistemin giines enerjisi ile caligmasi saglanacaktir.
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OZ: Diinyada giderek 6nem kazanan teknolojik inovasyonlar beraberinde Déordiincii Sanayi Devrimini getirmistir.
Bu devrim ile birlikte ortaya ¢ikan fiziksel megatrend teknolojilerinin basinda 3B bask1 ve yazicilar gelmektedir.
Endiistri 4.0 teknolojilerinin en somut gostergesi olan 3B baski, eklemeli imalat olarak adlandirilan fiziksel nesne
olusturulmasini ifade etmektedir. Bu teknoloji, Tiirkiye ve Diinya endiistrisinin lokomotifi olan tekstil sektoriinde
kendine desen, tasarim ve imalat uygulamasinda alan bulmaktadir. Bu kapsamda 3B baski teknolojisinin miisteriye
ozel, 6zgilin tasarim imkani sunan, nis {riinlerin olusturularak satis yapilma imkam saglamasi beklenmektedir.
Boylece yoresel desen tasarimina imkan veren ve bu desenlerin yoresel tekstil {iriinleri olan Ehram iiriinlerine
uygulanmasina olanak saglar. Ehram/ihram, ince egrilmis koyunyiiniinden yapilan, diiz yiizeyli mekikli
dokumadan elde edilen kadin-erkek giysisi, ev dekorasyon iiriinii, hediyelik egya gibi kullanim alani olan kumastir.
Bu ¢alisma ile geleneksel iiriin olan Ehramin 3B yazicilar ile desen uygulanmasi incelenmektedir. 3B yazici
malzemesi olarak Seliiloz tiirevli katilma polimerleri (Polyetilen, polipropilen, vinil akrilikler, fliiorokarbon
recineleri ve polistirenler) ve yogunlagsma polimerleri (naylonlar, Polyetilen tereftalat, polikarbonatlar ve
poliamitler) gibi kompozit yapidaki malzeme kullamlmaktadir.

Anahtar Kelimeler: 3B Yazicilar, Ehram, Endiistri 4.0, Desen, Tekstil.

FROM THE TRADITION TO THE FUTURE: INVESTIGATION OF
PATTERN APPLICATION TO EHRAM FABRIC WITH 3B PRINTERS

ABSTRACT: Technological innovations, which have become increasingly important in the world, brought with
it the Fourth Industrial Revolution. 3B printing and printers are at the top of the physical megatrend technologies
that emerged with this revolution. 3B printing, which is the most concrete indicator of Industry 4.0 technologies,
refers to the creation of a physical object called additive manufacturing. This technology, which is the locomotive
of Turkey and the world industry textile industry in its pattern, is to find space in the design and manufacturing
practices. In this context, it is expected that 3B printing technology will provide the opportunity to make sales by
creating niche products that offer customer-specific, original design opportunities. Thus, it enables local pattern
design and the application of these patterns to Ehram products, which are local textile products. Ehram / ihram is
a fabric made of fine spun sheep wool, which is made of flat-surfaced shuttle weaving and has a usage area such
aswomen's and men's clothing, home decoration products, souvenirs. In this study, the application of the traditional
product Ehram with 3B printers is examined. It is possible to use composite materials such as cellulose-derived
additive polymers (Polyethylene, polypropylene, vinyl acrylics, fluorocarbon resins and polystyrenes) and
condensation polymers (nylons, Polyethylene terephthalate, polycarbonates and polyamides) as 3B printer
materials.

Keywords: 3B Printers, Ehram, Industry 4.0, Pattern, Textile.
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1. GIRIS

Tarih boyunca insanlik adina gesitli doniim noktalar1 ger¢eklesmistir. Bu doniim noktalari
sosyal, siyasal, iktisadi, teknoloji boyutunda etkiler ortaya koymustur. Teknolojik ve ekonomik
doniim noktalarinin baginda sanayi devrimleri gelmektedir. Bu sanayi devrimleri Birinci Sanayi
Devrimi (Endiistri 1.0) ikinci Sanayi Devrimi (Endiistri 2.0), Ugiincii Sanayi Devrimi(Endiistri
3.0) ve Dordiincii Sanayi Devrimi (Endiistri 4.0) olarak ortaya ¢ikmustir. Buhar ve su giiciinden
yararlanan motorlarin oldugu Endiistri 1.0, 18. yy sonunda dokuma tezgahlarinin icadi ile 6n
plana ¢ikmistir. Elektrik enerjisinden yaralanan Endiistri 2.0, 20.yy baslarinda seri montaj ve
dretim hatt1 ile 6n plana ¢ikmistir. Diger enerjilerle birlikte niikleer enerjiden faydalanan
Endiistri 3.0, 1970’11 yillarin basinda PLC (Programlanabilen Mantiksal Denetleyici ), bilgi
teknolojileri ve otomasyona dayali iiretim seklinde on plana c¢ikmistir. 21.yy baslarina
gelindiginde kendinden onceki sanayi devrimlerinden farkli olarak Ogrenen Robotlar, Bulut
Bilisim, Nesnelerin Interneti (I0T), Siber-Fiziksel Sistemler (CPS), Biiyiik Veri, Artirilmus
Gegeklik, Akilli Fabrika ve 3B Yazicilar gibi teknolojilerden beslenen Endiistri 4.0 6n plana
cikmistir. 2011 yilinda Almanya’nin Hannover Fuarinda giindeme gelen bu devrim ABD,
Japonya, Ingiltere ve Cin basta olmak iizere Tiirkiye’nin de giindemine girmistir [1]. Giiniimiiz
teknolojilerinin inovasyonu tetiklenmesi ile birlikte endiistri diinyasini yeni bir sanayi
devriminin esigine getirmistir. Esiginde durdugumuz sanayi devrimi ve Endiistri 4.0 hakkinda
konusulan konular hizla teknolojik bir gergeklik haline gelmektedir. Bu sanayi devrimi Yapay
Zeka, Nesnelerin Interneti, Yeni Nesil Robotik, 3B Bask1 ve Yazicilar, Giyilebilir ve Yumusak
Miihendislik, Akilli Lojistik, Nanoteknoloji, ileri Malzemeler, Biyoteknoloji, BPM (is Siireci
Yonetimi), Sanal Gergeklik, Artirillmis Gergeklik, Siber - Fiziksel Sistemler (CPS), Siber
Giivenlik, Biiyiik Veri, Otonom Robotlar, Bulut Bilisim Sistemi, Simiilasyonlar ve diger
teknolojiler ile karakterize edilmektedir [2- 6].

1980'den beri 6nemi artan 3B tekstiller, genel olarak veya ¢ok eklenmeli igyapida veya her
ikisinde de 3 boyutlu formlara sahiptir. Dokuma, orgiilii, 6rme, nonwoven, dikisli, nakish veya
yeni Ozel formlarda olan, esnek kumaslar veya sert kompozitler olarak kullanilabilir
yapidadirlar. 3B tekstillerin kullanim alanlar1 arasinda havacilik, otomotiv, askeri, spor, tibbi,
koruma, filtreleme, kagit yapimi ve jeotekstiller bulunur. Insaat sektdriindeki yeni gelismeler
de yeni 3B tekstiller ile ilgili yeni firsatlar dogurmaktadir [7]. Ayrica 3B baski teknolojileri
sayesinde kuyumculuk, discilik, tip, uzay sanayi ve havacilik sektoriine yonelik eleman
yetistiren ve egitim veren meslek yliksekokullarinda eklemeli imalat egitimleri gittikce
yayginlagmaktadir [8]. Gilinimiiz gelisen teknolojileri arasinda yer alan 3B baski ve yazicilar
kullanilan hammadde ve teknolojiye bagli olarak mekanik o6zelliklere sahip prototip veya
tekparca liretimini saglar. Bununla birlikte dogal olarak tekstil sektdriinde de 3B baski ve yazici
teknolojilerinin uygulanmasina imkan saglamaktadir [8]. 3B baski ve 3B taramadaki gelisen
teknik olanaklar, liretim ve ticarette devrim yaratacak gelismelerin 6niinli agmaktadir. Moda ve
tekstil endiistrisi, giyim ve ayakkabi sektorii yakinda 3B yazicidan kisisellestirilmis bir sekilde
iretilebilir olmasi beklenmektedir. Gelecekte 4B baski teknolojisi ile fonksiyonel tekstiller i¢in
yeni olanaklar ve biiyiileyici uygulamalar vadetmesinden dolay1 3B baski/tarama siireci yeni
bir seviyeye taginmasi ongdriilmektedir [9].

Bu arastirma makalesinde nitel analiz yonteminin sagladigi imkénlardan yararlanilarak
karsilastirmali ve neden sonug iliskisine dayali yorumlar ortay konulmaktadir. Bu kapsamda
3B yazicilar hakkinda bilgilendirme yapildiktan sonra ehram kumasi, ehram gelenegi ve ehram
geleneginde kullanilan desenler hakkinda tanitict bilgilendirme yapilmaktadir. Bu
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bilgilendirme ile birlikte 3B yazicilarin uygulanabilirligi tartisilarak sonug boliimi ile ¢caligma
nihayete erdirildi. Bu g¢alisma kapsaminda “Endiistri 4.0 teknolojileri tekstil sektoriinde
kullaniliyor mu?”, “3B yazicilar tekstil sektoriinde uygulanabilir mi?” ve “3B yazicilar ile
Ehram {rlinlerine desen uygulamasinin yapilmast miimkiin mii?” sorularina yanitlar
aranmaktadir.

1.1. EKlemeli Yazicilar (3B Yazicilar)

Tekstil endiistrisi 0zii itibar1 ile inovasyon yapmaya uygun ve yatkin bir sektdr olarak
adlandirilabilir [10]. Endiistri 4.0 ise beraberinde getirdigi bir¢ok inovasayondan biri 3B
yazicilar olarak degerlendirilebilir. 3B yazicilar Massachussets Teknoloji Enstitiisii (ABD)
tarafindan gelistirilmistir. Cihazlarin ¢aligma prensibine bakildiginda plastik toz, sivi ve kati
materyalin iglemlerden gecirilerek sekiller elde edilmesine dayanmaktadir. Bu sekiller
olusturulurken bilgisayar destekli olarak hazirlanan veriler model ¢ikarilarak belirlenen form
ve sekillerde imalat yapilmasi hedeflenmektedir. Temel anlamda 3B (ii¢ boyutlu) yazicilarin
calisma yontemi sekil 1°de izah edilmistir [11]. 3B yazicida yerlesik bulunan yazilim komutlari
ile tasarim yapilan dosyanin eslestirilme adimindan sonra yazicinin iiretecegi moda {iriiniin
parcalar halinde liretimine gegilir (yaygin olan yazicilar tek parca giysi liretememektedir). Bu
nedenle, giysi baskisinin parcalarinin yapilmasi ve daha sonra gerektiginde yapistirict ile
yapistirma, erime ve kanca dikis gibi montajlama tiirleri ile bir araya getirilir [12] .

o S yop«s,}ng saglayic:

-

Puskurtmel yazic: kafa

Parca
Toz yata§

o —

Tesviye silindin

Toz besleme
kaynad

Toz besleme pistonu insa pistonu
Inga kabni

Sekil 1. 3B yazicilarin temel ¢alisma prensibi [11].

Moda agisindan 3B baski teknolojisi heniiz erken donem igerisinde ve sokaklarda goriilmesi iist
diizey markalar araciligiyla gergeklesebilir [12]. 3B baski ile kumas déseme, kesme, montaj ve
dikis tek bir adimda birlestirilerek iiretim sirasinda atilmasi gereken adimlari kisaltilarak
maliyet, zaman ve is giicii gibi birgok avantaj saglanmis olur. Insandan kaynakl dikis hatalar
ortadan kaldirilarak daha kaliteli giysi iiretimi saglanabilir. Ihtiyag olan nesnenin tam boyutu
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iretilecegi icin kumasg atiklar1 ortadan kalkarak maliyet ve ¢evre agisindan avantaj saglanabilir.
Kitlesel iiretimden tasarima dayali kisisel tiretime ge¢ilir ve boylece model sinirlamasi olmadan
tiretim imkan1 saglanmis olur [12].

Tablo 1. Cesitli 3B teknolojileri ile iiretilmis giysilerde kullanilan hammaddeler [13].

Eklemeli Uretim Teknigi Mekanizma Hammadde  Giysi Ornekleri

Eriyik Termoplastik ABS, PLA, Uluslararast ~ Singapur 3B
Biitiinlestirmeli materyal eritilerek Esnek PLA yazicl yarigmasini kazanan
/eklemeli tip diize bashigindan calisma

3B yazicilar (Fused katman olarak énceki
Deposition Mo delling FDM)  katmanin tizerine

eklenir.
Lazer Sinterleme (SLS) Plastik toz materyal Lazer Sinterleme  (SLS)
(SelectiveLaserSi ntering) icerisinde katmanlar (SelectiveLaserSi ntering)
lazer.
PolyJet Ince bir tabaka eriyik PolyJet

fotopolimer, 1sinla.
ABS, Acrilonitryle butadiene styrene; PLA, Polyactic acid; TPU, Thermoplastic Polyurethane

3B yazicilara ait eklemeli iiretim teknigi, liretim mekanizmasi, tiretimde kullanilan hammadde
ve bu hammadde ile tiretilen giysi 6rneklerinin gosterimimi Cizelge 1’de yer almaktadir.

Sekil 2. 3B Baski1 ve 3B baski cihazlarin goriintisii [14].

Sekil’2 de verilen 3B baski ve yazicilar Tiirkiye’de tretimi ilk yapilan Ornekler olarak
gosterilebilir [15]. 3B yazicilar ile tekstil iiriinii imalatinin, dijital tasarim verilerini olugturmak,
konfor kriterlerine uyulmamas: (yumusak, akici, emici kumas), polimer bir materyal
kullanilmast gibi bazi temel zorluklar1 olmakla birlikte dikis malzeme ve emegine ihtiyag
duymadan carpici tasarimlar elde edilmesine de olanak sagmaktadir [16].
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3B teknolojisinin kendisi, hazir giyim endiistrisindeki tiim deger zincirini tasarim ve
prototiplemeden bitmis iiriin ve teslimatina kadar degistirmesi beklenmektedir. Bu teknoloji
temel olarak iki biiyilik kar sunmaktadir. Bunlar:

1. 3B simiilasyon yoluyla maliyet azaltma: Uretim &ncesi tasarimcilar simdiye kadar iki
boyutlu malzemelerle bir iiriin tasarlar ardindan iiriin seri tiretime gegmeden once bir
veya daha fazla maliyetli prototip ve numune koleksiyonlar1 olusturdu. Bu maliyet
faktorleri artik sanal bir 3B simiilasyonla degistirilebilir/azaltilabilir olmustur. Bu
teknolojiye ait yazilimlar artik sanal boyuttaki avatarlarin yani sira renkler ve desenler
iizerindeki kesimleri de test ederek olgunlagmistir. Ayrica insan viicudu
verilerini/Ol¢iilerini dijital olarak kullanilabilir hale getirerek 3B simiilasyonu sayesinde
yeni koleksiyonlarin gelistirilmesini saglamaktadir. Ek olarak aligveris merkezlerinde
kullanimlar1 baglanan 3B simiilasyonun mobil viicut tarayicilarina dontiserek sanal
uygulama i¢in kullanilabilir kisisel avatarlar haline gelmesi beklenmektedir.

2. 3B baski yoluyla kisisellestirilmig iiretim: 3B tarayicidan elde edilen veriler sirasiyla
miisterinin kendi viicudunun 3B taramasinin yapilmasi, kisisel bir avatar olusturmak,
bu avatar1 ¢cevrimici test etmek, kendi avatariyla sanal gerceklik gozliikleriyle ¢evrimigi
3B podyumda denemek, ¢evrimigi tarz tavsiyesi ve kiyafet 6nerileri almak, 3B modelin
cevrimigi aligverigini yapmak, modelin 3B baskisi ile nihai kisisellestirilmis tirtiniin elde
edilmesinden olugmaktadir [9].

2. EHRAM URUNLERINE 3B YAZICILAR iLE DESEN UYGULANMASI

Gliniimliz tekstil enddistrisi, pamuk mahsullerinin siirekli olarak sulamaya yonelik
stirdiiriilemez ihtiya¢ nedeniyle diinyanin {i¢iincii en biiyiik su tiiketicisi konumundadir. Bu
durum ¢evre i¢in ¢oziime ihtiya¢ olan biiyiik bir tehdittir. Kimileri bu durumun ¢6ziimiiniin 3B
baski olduguna inanmaktadir. Ancak emekleme doneminde olmasina ragmen, 3B baskili
kumaslar sektorii simdiden bir¢cok potansiyel barindirmaktadir. NASA’da bile ilgi géren bu
teknolojide arastirmacilar, tiiketicilere bazi 3B baskili kumaslar1 getirmeye basladigi
goriilmektedir. Bununla birlikte 3B baski, sadece tekstil endiistrisinin neden oldugu ¢evresel
krizlere ¢oziim saglamakla kalmiyor, ayn1 zamanda tekstil bilimcileri i¢in birgok yeni firsatlar
sunmaktadir [17].
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Sekil 3. 3B baski ve yazici ile uygulama [18].

3B baski ve yazici teknolojisi ile ylizeye yapilan bir desen ve yazim uygulamasi sekil 3’ de
gosterilmis olup bu uygulama adimlar yiiriitiiciiler tarafindan gerceklestirilmistir. Milli Egitim
Bakanligi El Sanatlar1 Teknolojisi kitapgigina gore teknik olarak yiinden dokunan Ehram,
“ayakcaklarla saglanan, hareket ve giiciiler yardimiyla acilan, ¢dzgiiler arasindan mekik atilarak
dokundugu i¢in mekikli dokumalar grubu iginde yer almakta” olan bir kumas ttirtidiir [19].
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Sekil 4. Ehram kumas 6rnegi [19].

Sekil 4° de 6rnegi verilen Ehramin kullanim agisindan, Dogu Anadolu’nun ¢esitli yorelerinde
soguk iklime kars1 oldukca iyi bir koruma saglayan koyun yiinlerinin degerlendirildigi, yoresel
motiflerle siislenen iist giysisi olarak tanimlanabilir [20]. Ehram kumasi giiniimiizde
kadin/erkek giysisi ve aksesuarlarinda, kadin el ¢antasi/ciizdan, dizlik, erkek yelekleri, kravat,
kemer, anahtarlik, magnet gibi bircok alanda geleneksel Ehram modern kullanima adapte
edilmistir [21].

Sekil 5. Ehram kumas uygulama 6rnekleri [22].
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Ehramin ortasina badem ¢icegi, saat kordonu, hanimeli, reyhan dali, yildizin oynayisi, elma
selegi, kelleli, u¢an kuslar, piring deni gibi nakislar; kenarlarina aynali kutu, pasa merdiveni,
tetiksiz zincir, mercimekli zincir gibi nakiglar yapilir. Bazi Ehramlarin ise sagak {istleri
nakiglarin. Bu nakis usullerine gore adlandirilan bazi Ehram nakis 6rnekleri agagida verilmistir.
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Sekil 6. Ehram desen 6rnekleri [20].

Inovasyon, yenilik¢ilik ve icat birbirileri ile karistirilan kavramlardir. Inovasyon, yenilikten
farkli bir kavramdir. Bu farklilik deger yaratmasindan kaynaklanmaktadir [23]. Inovasyon
deger yaratma siireclerini i¢eren yeni iiretim, metot, sistem ya da araglarin ekonomik manada
kullanilmasidir [24]. Bu literatiir bilgisinden yola ¢ikarak inovasyonun yenilik ve icatta farkli
olma nedenlerini ortaya koyduktan sonra bu ¢alismanin iiretim hedefi ile yazilmasi, iiriin ve
organizasyon inovasyonu icermesi anlami tasimaktadir. Ehram gelenegi ile gelecegin
teknolojisi olan 3B yazicilarin bulustugu bu arastirmada {iretim, pazarlama ve organizasyon
odakli daha kapsamli bir ¢aligmanin 6nciiliiglinli yapma potansiyeli tasidig1 diistiniilebilir.

3. SONUCLAR VE ONERILER

3.1. Sonuclar

Teknolojik ve ekonomik doniim noktalariin basinda sanayi devrimleri gelmektedir. Bu sanayi
devrimleri Birinci Sanayi Devrimi (Endiistri 1.0) Ikinci Sanayi Devrimi (Endiistri 2.0), Ugiincii
Sanayi Devrimi(Endiistri 3.0) ve Dordiincii Sanayi Devrimi (Endiistri 4.0) olarak ortaya
¢ikmustir.  Sanayi devrimlerinin sonuncusu olan Endiistri 4.0 igerisinde barmdirdig
teknolojilerden biri 3B yazicilar gelmektedir. 3B yazicilarin tekstil endiistrisi ile temas1 1980°de
baslamis ve Onemi giderek artmistir. Genel olarak 3B tekstiller dokuma, orgiilii, 6rme,
nonwoven, dikisli, nakisl veya yeni 6zel formlarda olan, esnek kumaslar veya sert kompozitler
olarak kullanilabilir yapidadirlar. 3B tekstillerin kullanim alanlar1 arasinda havacilik, otomotiv,
askeri, spor, tibbi, koruma, filtreleme, kagit yapimi ve jeotekstiller bulunur. 3B baski ve 3B
taramadaki gelisen teknik olanaklar, liretim ve ticarette devrim yaratacak gelismelerin oniinii
acmaktadir. Moda ve tekstil endistrisi, giyim ve ayakkabi sektorii yakinda 3B yazicidan
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kisisellestirilmis bir sekilde iiretilebilir olmasi beklenmektedir. Bu ¢alisma ile 3B yazicilar
sayesinde geleneksel tekstil iirlinii olan ehram kumasma desen ve model uygulanmasi
arastirildi. Kisisellestirme ve maliyet azaltma konularinda 6n plana ¢ikan 3B yazicilarin
getirdigi avantajlar Ehram kumasina uygulanirken de saglanabilir. Desenlerin dijital ortamda
olusturulmasinin verdigi yelpaze genisligi ehram kumasina uygulama esnasinda da genis desen
imkan: sunmaktadir. Ayrica desenlerin el yordami ile islenmesinin getirebilecegi hata ve
kusurlar 3B baski teknolojisi ile en aza indirilmesi beklenmektedir. Yapilan ¢alismanin bir
problemin ¢oziimiine katki sunmasi beklenmektedir. Bu ¢alismada sorulan “Endiistri 4.0
teknolojileri tekstil sektoriinde kullaniliyor mu?” sorusuna yanit verilmesi gerekirse bu
kapsaminda yapilan literatiir incelemesinde Endiistri 4.0 teknolojilerinin tekstilde kullanimi
mevcuttur. Diger yanit aranan soru olan “3B yazicilar tekstil sektoriinde uygulanabilir mi?”
sorusuna cevap verildiginde, 3B yazicilarin gerek ara {iriin gerekse de nihai {irtin olusturma
asamalarinda tekstil sektoriinde kullanimi goriilmektedir. “3B yazicilar ile Ehram {irlinlerine
desen uygulamasinin yapilmasi miimkiin mii?” sorusuna yanit arayan bu ¢alismanin bulgular
ortaya koymaktadir ki 3B yazicilar ile gesitli tekstil yiizeylerine uygulama yapilmasina imkan
vermektedir. Bir dokuma yiizeyi olan Ehram ve Ehram iirlinlerine 3B yazicilar ile desen
uygulanmasinin da miimkiin oldugu sdylenebilir.

3.2. Oneriler

Bu ¢alismada ortaya konulan literatiir bilgisi ne dayanarak Endiistri 4.0 teknolojileri igerisinde
yer alan 3B baski ve yazicilar her gegen giin kendisine kullanim alani olusturdugu
goriilmektedir. Tekstil sektoriinde ki kullanimi glinden giine artan gelecegin teknolojisi olarak
kabul edilen 3B yazicilar ile geleneksel tekstil iiriinii olan Ehram ve Ehram iirtinlerine desen ve
model uygulamasi yapmak c¢alismanin hedeflerindendir. Bu ama¢ dogrultusunda yaparak ve
uygulayarak 6grenmenin getirisinden yararlanilarak var olan desenlerin uygulanmasi, yeni
desenlerin tasarlanmasi, 3B cihaz kullanim egitiminin alinmasi gibi ikincil hedefler ortaya
konulabilir. Bu ¢alisma kapsaminda 3B baski ve yazicilar ile temel hammadde yani Ehram
atolyelerinde bulusturularak, Ehrami atdlyesinden koparmadan, siirece ekstra maliyet
katmadan, ayni atmosferde inovatif ve katma degerli iiretim yapilmasi planlanmaktadir.
Boylece gelenekselden gelecege bir koprii kurularak iiretim ¢iktilar1 elde edilip somut iirtinler
ortaya konulabilir. Bu g¢alismanin temel motivasyon kaynagi Endiistri 4.0 teknolojilerinin
iilkemizde heniiz uygulama sahas1 bulamamis olmas1 ya da erken donemde olmasidir. Tekstil
sektoriinlin emek yogun bir sektdr olmasi, yapilan calismanin uygulanmasi durumunda
istihdam tizerinde olumlu katkilar1 olacagi ve yeni is sahalar1 ortaya ¢ikarma potansiyeli diger
bir motivasyon kaynagidir. Miihendislik bilgisi, tekstil bilgisi, desinatorliik, tasarim, geleneksel
el sanatlari, isletme ve organizasyon bilgisi gerektiren ¢alisma, bu yoniiyle multidisipliner bir
caligma olarak degerlendirilebilir.

Endiistri 4.0 teknolojilerinin milli anlamda geligsmesine katki sunmak adina, tamamen yerli olan
3B baski ve yazicilar kullanilarak 6z sermaye teknolojilerin tanitim, kullanim ve pazarlama
olanaklarinin gelismesi katki saglamasi diisiiniilmektedir. Ornek planin igerdigi muhtemel
yenilik (6zgiinliik) unsurlari:

— Caligma, uluslararasi, ulusal, bolgesel veya firma diizeyinde inovasyon kategorilerinden
gore degerlendirildiginde Endiistri 4.0 teknolojilerinden 3B baski1 ve yazici teknolojisini
desenleme yaparak kumas lizerine uygulanmasi uluslararasi boyut kazandirmistir.

— Calisgmanin temelinde yer alan uluslararasi kabul goren 3B yazicilar olmasina ragmen
yerli tabanli yazicilarin kullanilmasi ulusal anlamda getirdigi yeniliktir.
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— 3B baski ve yazicilar ile ortaya ¢ikarilan desenlerin yoresel tekstil kumasi olan Ehram
iirliinlerine uygulanmasi ulusal ve bolgesel kiiltiire katacagi deger ile birlikte bu alanda
inovatif fikirler ortaya koymaktadir.

— Gelenekten gelecege bir koprii kurarak, 3B baski ve yazicilar desen uygulamasi ile
Ehram atdlyesine girerek, var olan liriine deger katarak, inovatif bir iirlin ¢iktist elde
edilmesi ¢aligmanin temel 6zgiinliigiinii olusturmaktadir.

— Caligmanin uygulanabilmesi i¢in 3B yazicilarin temel kullanim bilgisinin bir sertifika
egitimi ile kursiyerlere ders alma ve uygulama kapsaminda ara ¢ikti olarak katki
sunacagi diigiiniilmektedir.

— Calisma uygulama siirecinde katilimecilarin yoresel desenleri 6grenme veya 6zgiin desen
tasarlama faaliyetleri sonucunda ¢ikan iiriinler sektoriin ilk uygulamalar1 olarak patent
calismas1 yapilip kayit altina alinabilir kilmaktadir.

— Calisma sonunda temel 6zgilin degeri olusturan 3B baski ve yazici ile desen basimi
yapilan Ehram iirlinleri nihai ¢iktiy1r olusturmaktadir. Nihai ¢ikt1 geleneksel ve 6zgiin
tasarimlar ile olusturulan ilk iirlin olacagindan cesitli fikri ve miilkiyet haklar1 ortaya
cikaracag1 ongoriilmektedir.

— Calisma iiretim modeli ve ¢alisma organizasyon yapist endiistriyel tasarim agisindan
baska sektorlere (3B yazict diger tekstil uygulamalari, 3B yazici ahsap, metal, ¢ini vb.
iirlin uygulamalar1) ilham kaynagi olacagi ve gelecek c¢alismalar i¢in model kabul
edilecegi diisiilmektedir

TESEKKUR
2019/1 dénemi “2242 Universite Ogrencileri Arastirma Proje Yarismalar” kapsaminda elenen proje
basvurusundan tretilmistir.

KAYNAKLAR

[1] Y. Esmer ve M. A. Alan, kENDUSTRI 4.0 PERSPEKTIFINDE INOVASYON,» AVRASYA Uluslararasi
Aragtirmalar Dergisi, cilt 7, no. 18, pp. 465-478

[2] F. Chiarelloa, L. Trivellib, A. Bonaccorsia ve G. Fantonic, «Extracting and mapping industry 4.0 technologies
using wikipedia,» Computers in Industry, no. 100, pp. 244-257, 2018.

[3] L.D. Xu, E. L. Xu ve L. Li, «Industry 4.0: state of the art and future trends,» International Journal of
Production Research, cilt 56, no. 8, pp. 2941-2962, 2018.

[4] K. Schwab, The Fourth Industrial Revolution (Dérdiincii Sanayi Devrimi), S. Talay, Dii., Istanbul: Optimist,
2018.

[5] ATSO, «<ANTALYA FIRMALARINA YONELIK ENDUSTRI 4.0 DURUM TESPITi,» Antalya, 2017.

[6] E.Bulutve T. Akgaci, kENDUSTRI 4.0 VE INOVASYON GOSTERGELERI KAPSAMINDA TURKIYE
ANALIZI,» ASSAM International Refereed Journal, no. 7, pp. 50-72, 2017.

[7]1 J. Hearle, «Advances in 3B Textiles,» Woodhead Publishing Series in Textiles, 2015, pp. 1-18.

[8] K. OZSOY ve B. Duman, «EKLEMELI IMALAT (3 BOYUTLU BASKI) TEKNOLOJILERININ
EGITIMDE KULLANILABILIRLIGI,» INTERNATIONAL JOURNAL OF 3D PRINTING
TECHNOLOGIES AND DIGITAL INDUSTRY, cilt 1, no. 1, pp. 36-48, 2017.

[91 A. Ehrmann, «3B printing in the textile chain» 09 Kasim 2017. [Cevrimigi]. Available:

https://www.wtin.com/article/2017/november/061117/3B-printing-in-the-textile-chain/.
[10] D. Zapfl, «How 3B printing in the textile industry is leading into a new era,» 03 04 2019. [Cevrimigi].
Available: https://www.lead-innovation.com/english-blog/3B-printing-in-the-textile-industry. [Erisildi: 25
03 2021].

[11] Y. Esmer, A. Ozbek ve M. A. Alan, «Tekstil Isletmelerinde Inovasyon Uygulamalarina Yénelik Bir
Aragtirma: Istanbul Sanayi Odas1 Ornegi,» Girisimcilik inovasyon ve Pazarlama Arastirmalar1 Dergisi, cilt
3, no. 6, pp. 129 - 144, 20109.

[12] O. Saltik ve A. Ozsoy , "BAGLAYICI PUSKURTMELI METAL EKLEMELI IMALATTA KULLANILAN
BAGLAYICILAR", Uluborlu Mesleki Bilimler Dergisi, vol. 3, no. 1, pp. 10-18, 2021.

[13] A. Valtas ve D. Sun, «3B Printing for Garments Production: An Exploratory Study,» Journal of Fashion
Technology & Textile Engineering, cilt 4, no. 3, pp. 1-4, 2016.

[14] M. Yildiran, «sMODA GiYIM SEKTORUNDE UC BOYUTLU YAZICILARLA TASARIM VE URETIM,»
Siileyman Demirel Universitesi Giizel Sanatlar Fakiiltesi Hakemli Dergisi, no. 17, pp. 155-172, 2016.

48



Alan, Uluborlu Mesleki Bilimler Dergisi 4:1 (2021) 39-49

[15] Roboturk,  Available:  https://shop.3Broboturk.com/index.php?route=product/product&product_id=50.
[Erisildi: 13 Mart 2019].

[16] M. Cornforth, «Functionality drives 3B printing,» 13 Haziran 2017. [Cevrimigi]. Available:
https://www.wtin.com/article/2017/june/120617/functionality-drives-3B-printing/.

[17] Z. Hay, «3B Printed Fabric: The Most Promising Projects,» 07 11 2019. [Cevrimig¢i]. Available:
https://all3Bp.com/2/3B-printed-fabric-most-promising-project/. [Erisildi: 25 03 2021].

[18] Fabtextiles, 27 Nisan 2016. [Cevrimigi]. Available: http://fabtextiles.org/tag/3B-print-on-fabric/.

[19] Milli Egitim Bakanligi, EL SANATLARI TEKNOLOJISI/EHRAM DOKUMA, Ankara, 2012.

[20] F. N. Basaran, «<BAYBURT YORESINDE GELENEKSEL "EHRAM DOKUMACILIGI" URETIM
TEKNIKLERI, MOTIF VE KOMPOZSIYON OZELLIKLERI,» Milli Folklor, no. 104, pp. 151-166, 2014.

[21] Erzurum il Kiltiir ve Turizm Miidiirligii,» [Cevrimigi]. Available:
http://www.erzurumkulturturizm.gov.tr/TR-176363/chram.html. [Erisildi: 13 Mart 2019].

[22] Bayburt Valiligi, [Cevrimigi]. Available: http://www.bayburt.gov.tr/el-sanatlari. [Erisildi: 13 Mart 2019].

[23] S. Elgi, Inovasyon Rehberi: Karlilik ve Rekabetin Elkitabi, Ankara: INOMER, 2014.

[24] O. Cinar, S. Altuntas ve M. A. Alan, «Technology transfer and its impact on innovation and firm
performance: empirical evidence from Turkish export companies,» Kybernetes, 2020.

49



	Dergiİçindekiler
	1_Duzenlendi
	2_Duzenlendi
	3_Duzenlendi
	4_Duzenlendi
	5_Duzenlendi

