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Yayin hayatina baglarken,

Trakya’nin kalbinde 1992 yilinda kurulan Tekirdag Namik Kemal Universitesi Corlu Miihendislik
Fakiiltesi’nin “European Journal of Engineering and Applied Sciences (EJEAS)” isimli dergisi yayin hayatina
basliyor. Temel ve uygulamali miihendislik konularinda evrensel diizeyde bilgi iiretmek, iirettigi bilgiyle
teknolojik gelismelere yon verebilmek ve bu bilgileri toplumsal faydaya doniistiirmek misyonuna sahip
fakiiltemizin bu ilk sayisi ile yayin hayatina kazandirdig1 dergimiz yilda iki kez yayinlanacaktir.

European Journal of Engineering and Applied Science (EJEAS) disiplinler arasi alanlarda orjinal arastirma
makalelerini, vaka c¢aligmalarim1 ve teknik raporlari, derleme ve analiz raporlarini yayinlamay1
amaglamaktadir. Yayin ticreti bulunmayan ve bilimsel hakemli arastirma dergisinde Fen ve Miihendislik
Bilimlerinde deneysel, teorik veya hesaplamali Tiirk¢e ve Ingilizce hazirlanmis giincel ve 6zgiin bilimsel
caligmalara yer verilecektir. EJEAS konusu asagidaki disiplinlerdeki ¢aligmalar1 kapsayacaktir, ancak konu
kapsami1 bunlarla sinirl tutulmayacaktir:

*» Otomasyon ve mekatronik miihendisligi

* Biyomedikal mithendisligi

* Bilgisayar bilimi ve yazilim miihendisligi

» Ingaat miihendisligi ve mimarlik

* Elektrik, elektronik ve telekomiinikasyon miihendisligi
* Cevre mithendisligi

* Endiistriyel ve imalat mithendisligi

» Makine miihendisligi

* Malzeme bilgisi

* Tekstil mithendisligi

Dergiye gelen tiim caligmalar ¢ift-kor hakem degerlendirme siirecinden gegerek uygun bulunanalar
yayinlanma siirecine alinacaktir.

Bu ilk sayisiyla yayin hayatina baglayan dergimizin size ulasmasinda emegi gecen herkese tesekkiir eder,
dergimize yayin hayatinda basarilar dilerim.

Prof. Dr. Lokman Hakan TECER
Tekirdag Namik Kemal Universitesi, Corlu Miihendislik Fakiiltesi Dekan1
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Degerli Bilim Insanlari,

“European Journal of Engineering and Applied Sciences (EJEAS)” isimli dergimiz, 2018 yilinda yayin
hayatina baglamig olup, bilimsel hakemli dergi olarak, Fen ve Miihendislik disiplinlerinde “Tiirk¢e ve
Ingilizce” hazirlanmis giincel arastirma ve derleme calismalarina yer vermekte ve yilda iki say1 olarak
yayinlanmaktadir.

Dergimizin ilk yilinda, Tekirdag Namik Kemal Universitesi Corlu Miihendislik Fakiiltesi’nin farkli
disiplinlerinde gorev yapmakta olan ¢ok degerli akademisyenleri, goniillii olarak dergimizin tiim siireclerine
destek vermistir. Bu durum bizleri daha giiglii kilmis ve calismalarimizda sinerji yaratarak, azim ve
kararliligimiza onemli katki saglamistir. Dergimizin ilerleyen sayilarinda daha giiclii bir yap1 ile daha iyi
noktalara ulagmasini, alana ve literatiire daha fazla katki saglayarak tiim diinyadaki bilim insanlar tarafindan
yayin gonderilen bir dergi konumuna gelmesini iimit ediyorum.

Dergimizin bu iki sayisinda degerli ¢aligmalarini bizimle paylasip dergimizde yayinlanmasina katki saglayan
tiim yazarlarimiza, yayinlarin degerlendirilmesi ve siire¢ igerisinde her tiirlii bilgi ve tecriibesi ile bizleri
yanliz birakmayan g¢ok degerli hakemlerimize, makalelerin dergimizde yayinlanma siirecinin basindan
sonuna kadar Ozveriyle calisan alan editorlerimize ve editorler kurulumuza, bu siiregte desteklerini
esirgemeyen Tekirdag Namik Kemal Universitesi Corlu Miihendislik Fakiiltesi’nin dekani saymn Prof. Dr.
Lokman Hakan Tecer’e sonsuz tesekkiirlerimi sunarim.

Prof. Dr. Aysun SAGBAS
EJEAS Bas Editorii
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Dear Colleagues,

Our “European Journal of Engineering and Applied Sciences (EJEAS)” journal has begun in 2018 as a
scientific refereed journal. EJEAS includes up to date Turkish and English languages based research in
Science and Engineering and publishes two issues in a year.

In the first year of EJEAS, very valuable academicians of Tekirdag Namik Kemal University have contributed
and supported all the processes voluntarily. This made us stronger and with the synergy, it boosted our
willingness. | hope that it will achieve better success soon, contribute more to the community, and become a
globally recognized journal which publishes journals to entire science community in the world.

For these two issues, | would like to thank our authors who share their studies with us to contribute the journal,
our reviewers for assessing the articles with their knowledge and experience, our editors and editorial board
for their willingness from the beginning to the end, lastly, dear Dean of Engineering at Tekirdag Namik
Kemal University, Prof. Dr. Lokman Hakan Tecer for his ultimate support.

Prof. Dr. Aysun SAGBAS
Editor in-Chief pf EJEAS
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Arastirma Makalesi

Comparison of Artificial Neural Networks and Fuzzy Logic
Methods in the Hazelnut Shell Drying Process

Mert Levent! {2/, Halil Nusret Bulus®" I/, Soner Celen® “'; Ayta¢c Moralar*

1.2 Department of Computer Engineering, Corlu Engineering Faculty, Namik Kemal University, Tekirdag, Tiirkiye, 59860
34 Department of Mechanical Engineering, Corlu Engineering Faculty, Namik Kemal University, Tekirdag, Tiirkiye, 59860
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Abstract: Drying and storing food products have been widely used techniques for extending shelf life for many years. In recent times,
there has been a focus on the drying of food residues, similar to the preservation of foods by drying. The process of drying a product
involves reducing the moisture content within the product. However, the devices established to reduce moisture content are often costly
and rely heavily on experience-based systems for determining the drying ratio. Therefore, in recent years, there has been significant
interest in the mathematical modeling of drying processes and the creation of a model for system behavior using artificial intelligence
methods. This study aims to model the drying process of hazelnut shells using artificial intelligence techniques, specifically artificial
neural networks and fuzzy logic methods. The proximity of the models created to the experimental results of the drying ratio is
examined.

Keywords: ANFIS, Artifical Neural Network, Drying, Fuzzy Logic, Levenberg Marquardt, Prediction

Findik Kabugu Kurutma Siirecinde Yapay Sinir Aglar1 ve Bulanik Mantik Yontemlerinin Karsilastirilmasi

Ozet: Gida iiriinlerinin kurutularak saklanmasi kullanim émriinii uzatmasi agisindan uzun yillardir kullanilan bir tekniktir. Gidalarin
kurutularak saklanmas: gibi gida artiklarnin da kurutulmasi son yillarda galismalara konu olmustur. Uriin kurutma islemi, iiriin
icerisindeki nem miktarinin azaltilmast anlamina gelmektedir. Nem miktarimin azaltilmasi amaciyla kurulmus olan diizenekler maliyetli
ve daha ¢ok kuruma oraninin tespitinin tecriibeye dayandigi sistemlerdir. Bu sebeple son yillarda kurutma siireglerinin matematiksel
olarak modellenmesi, yapay zeka yontemleri ile sistem davraniginin bir modelinin olusturulmasi ¢aligmalar1 ilgi ¢ekmistir. Bu
caligmada findik kabugu kurutma isleminin yapay zeka tekniklerinden olan yapay sinir aglari ve bulanik mantik yontemleri ile
modellenmesi ger¢eklestirilmesi hedeflenmis ve olusturulan modellerin kuruma oraninin deneysel sonuglarina yakinligi incelenmistir.

Anahtar kelimeler: ANFIS, Bulanik Mantik, Kurutma, Levenberg Marquardt, Tahmin, Yapay Sinir Aglar

1. Introduction Turkey. The drying of hazelnuts holds significant importance
in the Blacksea region. Considering the climate conditions and

, .
In today's world, many foods and food items cannot be stored soil structure of the region, there are challenges in open-air

for an extended period due to their high water content. drying. Therefore, instead of relying on sunlight, drying

Therefore, drying methods play a significant role in food machines are more commonly used. Drying systems, which

preservation. Various techniques are employed to carry out the include these drying machines, represent a more costly

drying process. approach compared to open-air drying with sunlight. This cost

Hazelnuts are a product that grows in the Blacksea region of includes both the setup and operation of the system.

*Corresponding author

E-mail address: nbulus@nku.edu.tr
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Consequently, utilizing artificial intelligence techniques based
on past data to predict drying speed and efficiency has become
an increasingly popular approach.

2. Literature Review

Hamed Akbarpour and colleagues (2016) obtained numerical
and experimental results to demonstrate the impact of
nonlinear models on predicting the pore size of nano-porous
anodic alumina (NPAA). They employed ANFIS (Adaptive
Neuro-Fuzzy Inference System) and MLR (Multiple Linear
Regression) applications for this purpose. The results obtained
from the models were compared between two empirical
formulas to demonstrate the accuracy of the models and test
data. The experimental results indicate that the models are
sufficiently effective in predicting the pore size of NPAA
membranes. ANFIS emerged as the superior model, with MLR
performing better than other empirical formulas [1].

Saban Pusat and colleagues (2016) implemented a novel
methodology to predict coal moisture content during the
drying process. ANFIS was employed to predict coal moisture
content at any given time during the drying process. Four
different experiments were conducted with MSE and R? values
during the testing phase. The experiments revealed that the
ANFIS network achieved scientifically satisfactory results
with acceptable deviations. By utilizing ANFIS, drying
channels for cases not experimentally performed could be
easily predicted. Moreover, the required number of
experiments was reduced [2].

In 2018, Maryam Dolatabad and her team conducted a study
to assess the concurrent removal efficiency of Basic Red 46
(BR46) and Cu (both dye and heavy metal) from aqueous
solutions. They employed advanced feedforward Artificial
Neural Networks (ANN) and Adaptive Neuro-Fuzzy Inference
System (ANFIS) models to predict the adsorption capacity of
sawdust in the simultaneous removal of cationic dye and heavy
metal ions. The reported results indicated that both ANN and
ANFIS are promising predictive techniques, displaying
satisfactory accuracy in predicting the simultaneous removal
of dye and Cu (II) from aqueous solutions. The low values of
the statistical parameters suggested superior performance for
both models. The study achieved a robust regression analysis
with an R? ranging from 0.98 to 0.99 for both dye and Cu
removal [3].

Victor H. Quej and colleagues (2017) compared the
performance of Support Vector Machine (SVM), ANFIS, ANN
techniques to predict daily global solar radiation in Yucatan,
Mexico. They used three statistical indicators (R?2, RMSE, and
MAE) to evaluate model performance. The SVM technique
with an RBF kernel demonstrated superiority over other
approaches used for predicting global solar radiation in
Yucatan, Mexico. This result suggests that SVM can be
successfully employed to predict daily solar radiation in humid
tropical environments in Mexico. While ANFIS and ANN
techniques showed similar results, they did not perform as well
as the SVM technique [4].

In 2018, Mohammad Kaveh and his team conducted a research
study aiming to develop and apply an ANFIS and ANN model
for predicting the drying properties of potatoes, garlic, and
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melons in a convective hot air dryer. The drying experiments
were carried out at varying air temperatures of 40, 50, 60, and
70°C, coupled with air velocities of 0.5, 1, and 1.5 m/s. Various
ANN and ANFIS models were used to determine the D effect
and SEC performance. The results of this research showed that
the ANFIS model exhibited high predictive capabilities for D
effect, SEC, MR, and DR with R? values of 0.9900, 0.9917,
0.9774, and 0.9901, respectively. Therefore, the study
concluded that the ANFIS model could be recommended as the
best model [5].

Bahman Najafi and colleagues (2018) conducted small-scale
biogas production using spent mushroom compost (SMC).
From the biomass obtained through biogas production, they
investigated factors influencing biogas production, including
the C/N ratio, temperature, and retention time, as independent
variables in biogas production and production modeling, using
ANN and ANFIS methods. The study concluded that the
ANFIS network accurately predicted output values in both
thermophilic and mesophilic conditions [6].

Artur S. C. and colleagues (2018) compared the optimization
of sugarcane delignification using Alkaline Hydrogen
Peroxide (AHP) with ANN and ANFIS. Two variables were
experimentally evaluated: temperature (25-45°C) and
hydrogen peroxide concentration (1.5-7.5% (a/h)). The AHP
pre-treatment proved successful in the delignification of
sugarcane bagasse. Both ANN and ANFIS demonstrated good
prediction efficiency with low RMSE values and R? values
close to 1. The ANFIS model outperformed the ANN model in
predicting xylose concentration [7].

3. Materials and Methods

In this study, drying process results for hazelnut products were
obtained in the laboratory using a microwave setup. The
obtained results, constituting 80% of the data, were used as
training data for artificial intelligence methods, and the
remaining 20% of experimental data was aimed at being
predicted. A comparison of the two methods was conducted
based on the predicted results.

The first artificial intelligence method used is the feedforward
artificial neural network. Various models were created by
using different transfer functions when forming ANN. The
ANN model that provided results closest to the experimental
data was compared with another method, ANFIS.

3.1. Artificial Neural Networks

The ability to derive, create, and discover new information
through the learning process, which is a characteristic of the
human brain, is a system that is mathematically represented.
ANN learn through experiences, similar to humans, and utilize
this learning in decision-making. Therefore, ANN has the
capability of making good generalizations [8].

ANNSs consist of neurons, and these neurons form a neural
network by connecting to each other in various ways. They
possess the capacity for learning, memory, and revealing
relationships between data.

Recently, ANNs have become a popular and useful model in
many disciplines for classification, clustering, pattern
recognition, and prediction. ANNs, as a type of model for
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machine learning, have become relatively competitive in terms
of utility compared to traditional regression and statistical
models [9].

ANNS consist of layers (Figure 1). Neurons in each layer are
connected to the neurons in the next layer. ANNs are examined
in three main layers: the input layer, the hidden layer, and the
output layer [10].

input layer output layer

hidden layer

Figure 1. Artificial Neural Networks General
Architecture [10]

3.2. ANFIS

ANFIS is a learning technique that transforms inputs into
outputs through fuzzy logic and highly interconnected neural
networks. It combines the advantages of both ANN and fuzzy
logic under a single roof. ANFIS is a hybrid learning
algorithm.

ANFIS provides an accelerated learning capacity and
adaptable interpretive capabilities to model complex patterns
and understand nonlinear relationships. It has been applied and
refined in various fields, offering solutions to problems
characterized by time and space complexity as well as widely
occurring repetitive issues [11].

In fuzzy logic, there are various inference methods. Some of
these inferences are specifically developed to operate directly
within the framework of fuzzy logic. The two most commonly
used methods are Mamdani inference and Sugeno inference.

In the Mamdani system, each input and output is a fuzzy value.
Mamdani inference, with its more intuitive and easily
understandable rule basis, is highly suitable for expert system
applications, such as medical diagnosis, where rules are
derived from human expert knowledge.

Sugeno fuzzy inference is a frequently preferred method in
control problems. Unlike the Mamdani method, where fuzzy
values are given as output, Sugeno provides the output in a
functional form. Therefore, the Sugeno inference system is
highly suitable for mathematical analysis.

3.2.1. Membership Functions

Membership functions are curves that define how each point
in the input space is mapped to a membership value (or degree
of membership) between 0 and 1. It is a graphical
representation of the magnitude of participation for each input.
Rules use input membership values as weighting factors to
determine their influence on fuzzy output sets. Once the
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functions are deduced, scaled, and combined, they are
fuzzified into a clear output guiding the system.

The simplest membership functions are created using straight
lines. Due to their simple formulas and computational
efficiency, both triangular and trapezoidal shapes have been
widely used [12].

3.3. Performance Measures

In this study, the performance measurements of predictions
were utilized to determine how closely they approximated the
experimental data. The methods used for performance
measurements include the root mean square error, mean
absolute percentage error, and R2.

Root Mean Square Error (RMSE) (Eq. 1) provides the distance
between predicted results and actual values as an absolute
number. It is one of the most commonly used metrics to assess
the quality of predictions. RMSE is the standard deviation of
prediction errors (residuals). This value can range between 0
and infinity. A value close to zero indicates that the model is
performing well.

n 2

RMSE = 2=17 (€))
n

Mean Absolute Percentage Error (MAPE) (Eq. 2) is one of the
most commonly used measures of prediction accuracy due to
its scale-independence and interpretability advantages. It is
widely used because it is easy to interpret and explain. For
example, a MAPE value of 10% means that the average
difference between the predicted value and the actual value is
10%.

MAPE _ 100 En _Ie,-l
= )
& ||

R-squared (R?) (Eq. 3) is used to explain how well the
independent variables in a linear regression model account for
the variability in the dependent variable. The R? value always
increases with the addition of independent variables, even if
they are unnecessary, which can lead to the inclusion of
irrelevant variables in the model.

N (0 — t.)2
For (Zpi(;éti)ztl) ) ©

4. Experimental Results

In this study, a 9-feedforward artificial neural network model
consisting of different transfer functions was trained, and
predictions for the drying process of hazelnut products were
made. Additionally, an ANFIS model was created, and a
similar prediction process was carried out on the same dataset.
80% of the experimental data was used as training data.

Experimental data was obtained from a conveyor-belt
microwave system established in the Laboratory of the
Department of Mechanical Engineering at Tekirdag Namuk
Kemal University [13].

The first step in the prediction process in artificial neural
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networks begins with the selection of input, output, and test
data. Here, the input data consists of randomly selected 80%
of the experimental data. The input data has four columns,
including time, power, wet mass, and dry mass. The output
data is the moisture content produced by the selected input data
from the experimental data. Test data is determined as the
remaining 20% of the experimental data not selected as input
data.

After the data is selected, the process of creating an artificial
neural network is carried out. First, the process of determining
the number of neurons in the hidden layer is performed. In the
experiments conducted in this study, models with 10, 20, and
30 neurons were tested. Three transfer functions were used in
the experiments: hyperbolic tangent sigmoid, logistic sigmoid,
and linear functions. By using these transfer functions
separately in the experiments, a total of nine models were
created. Additionally, the Levenberg-Marquardt algorithm was
selected as the training function.

After the model is created, it needs to be trained with the
training data. The process of training the network was carried
out by selecting input and output data created by the training
data. After the training process is completed, test data is input
into the created artificial neural network to make predictions
and generate predicted outputs. The regression graph of the
model that gives the closest results to the experimental results
from these 9 models is presented in Figure 2.

Table 1 ANN Model Results

Levent et al. / European J. Eng. App. Sci. 6(2), 50-55, 2023

Training: R=0.9997 Validation: R=0.9%965
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Figure 2. Regression graph of the selected model.

In ANNSs, prediction processes were performed using the
Feedforward Backpropagation Neural Network model. The
results obtained with 3 different transfer function models and
different numbers of neurons are specified in Table 1.

Neuron Transfer Outpl{t
Function Function
Logsig Purelin 0,4382 0,1096 0,5520 0,0931 0,0838 0,0914 0,2720 0,1418 0,7307 0,0944
10 Tansig Purelin 0,3941 0,1140 0,5142 0,1036 0,0675 0,0776 0,2462 0,1543 0,7323 0,0690
Tansig Logsig 0,5368 0,5368 0,5368 0,5368 0,5368 0,5368 0,5368 0,5368 0,7776 0,5368
Logsig Purelin 0,3837 0,1006 0,4927 0,0959 0,0515 0,0932 0,2665 0,1355 0,7287 0,0603
20 Tansig Purelin 0,4004 0,1075 0,5085 0,0894 0,0877 0,0903 0,2692 0,1441 0,7191 0,0936
Tansig Logsig 0,5368 0,5368 0,5372 0,5368 0,5368 0,5368 0,5368 0,5368 0,7340 0,5368
Logsig Purelin 0,4325 0,1149 0,5610 0,0962 0,0217 0,0971 0,2577 0,1511 0,7110 0,0743
30 Tansig Purelin 0,4677 0,0905 0,7174 0,0910 0,0727 0,0653 0,2602 0,1456 0,7150 0,0704
Tansig Logsig 0,5446 10,5368 0,5827 0,5368 0,5368 0,5368 0,5369 0,5368 0,6930 0,5368
Exp. data 0,4181 0,1090 0,5348 0,0916 0,0775 0,0874 0,2564 0,1454 0,7237 0,0775

Based on the obtained results, the performance measurement
of each model was conducted. Considering the measurements,
it was determined that the most successful ANN model had 10
neurons in the hidden layer, a logistic sigmoid as the transfer
function, and a linear transfer function for the output layer. The
performance measurements for this model are provided in
Table 2.

Table 2 Performance Measurement of the Best ANN Model

Training Test data All

data
RMSE 0,0074055 0,0065915 0,0099141
R? 0,9997846 0,998788 0,9996615
MAPE 1,9275744 5,4020781 2,7750143

When creating the ANFIS model, which will be compared with
this ANN model, the Sugeno inference method was selected,
and the number of inputs was set to be the same as the ANN
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model. Figure 3 shows the ANFIS model, which has 4 inputs
and a single output.

S S

YASKUTLEAY
“'\ ; ;E E/ OUTRITARMOIATY
e
|rsr- s FETpe ssgera
e remoz = o || curent varabee
e
Ormethed —
Type gt
Igicag
Rangn 120 468
Aggregaton
Detuzziteaton

Figure 3. ANFIS Sugeno Architecture

After selecting the inference method, the process continues
with the training of the model. For this training to take place,
the training and test data must be added to the model first. After
the training, the rules generated by the ANFIS model are
obtained. These rules can be generated automatically or
individually by writing them. Another important aspect for the
ANFIS model is the membership functions. The membership
functions for the created model are shown in Figure 4.
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Figure 4. Membership functions of the ANFIS model.

The created model is ready to make predictions. The obtained
output values are evaluated with the same performance
measurement parameters as the ANN model. Table 3 shows the
performance measurement of the ANFIS model.

Table 3 ANFIS Performance Measurement

Training Test data All

data
RMSE 0,0061833 0,0068424 0,0092224
R? 0,9999998 0,9999933 0,99999903
MAPE  0,0746246 0,4662799 0,1701503

The predictions made with the ANFIS and ANN models are
compared with the experimental data.

5. Conclusion

The experimental results of hazelnut Shell products previously
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dried with a microwave system in a laboratory environment
were obtained, and the drying process of hazelnut Shell
products with ANN and ANFIS was modeled. By providing a
portion of the experimental data to the models as training data,
the models were trained, and the aim was to predict the
remaining part of the experimental data.

To achieve this goal, 9 ANN models with different transfer
functions and neuron numbers were evaluated, and the most
successful model was identified. The findings revealed that the
Artificial Neural Network models achieved the best results
with a 10-neuron Log-sigmoid and Purelin transfer function
model.

Predictions for the test data were obtained for the ANFIS
model created with the same data. In the examination, it was
observed that the ANFIS model produced values closer to the
experimental data.

In light of these models and data, predictions for drying
without setting up an experimental design have become
possible for hazelnut products.

Using similar data, different prediction methods and models
can be employed in various fields, saving time and costs.
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Abstract: In this study, based on the Newton-Raphson method, the unconditional optimization of the “thin cylinder-plane” corona
electrode system of high-voltage devices with a non-uniform or weakly uniform electric field, widely used in various technological
processes of electron-ion technology, is analyzed. For this purpose, the condition of a self-sustaining electric discharge was used for
the electrode system under consideration.

Keywords: Corona discharge, Newton Raphson method, Self-sustained condition, Unconditional optimization.

Silindir-Diizlem Korona Elektrot Sisteminin Kosulsuz Optimizasyonu

Ozet: Bu caligmada, gesitli teknolojik islemlerde yaygin olarak kullanilan, diizgiin olmayan veya zayif diizgiin bir elektrik alania sahip
yiiksek gerilim cihazlarinin “ince silindir-diizlem* korona elektrot sistemi i¢in, Newton-Raphson yontemine dayali olarak kosulsuz
optimizasyonu analiz edilmektedir. Bu amagla, s6z konusu elektrot sistemi i¢in, elektrik desarjin kendi-kendini besleme(self-sustained)
kosulu kullanilmigtir

Anahtar kelimeler: Kendi-kendini besleme kosulu, Korona desarji, Kosulsuz optimizasyon, Newton Raphson yéntemi.

1. Introduction weakly inhomogeneous.

As it is known, in various high-voltage technological
processes, in order to implement a barrier discharge, mainly
one of four different structures of electrode systems is used,
respectively: “needle-plane”, “conductor-plane”, “plane-
plane”, and “sphere-plane [1-3]. It should be noted that in both
the “needle-plane” and “conductor-plane” electrode systems,
the electric field in the interelectrode gap is non-uniform, and
for the “needle-plane” electrode system the degree of field
non-uniformity is higher. Whereas the electric field in the
interelectrode gap in the “sphere-plane” electrode system is

* Corresponding author

E-mail adress: halisoy@nku.edu.tr (H. Alisoy)

Unlike a homogeneous electric field, where all field lines are
identical, in inhomogeneous fields the distributions of field
strength along different field lines can differ from each other.
In this regard, in inhomogeneous fields, the time of application
of voltage is of significant importance. In particular, if the time
of application of voltage is unlimitedly long, then at the point
of exit from the electrode of the central field line, an electron
necessarily appears and the initial voltage will be determined
by the condition for the development of an avalanche along
this field line, since in this case the condition for self-
sustaining discharge is satisfied at the lowest voltage [1-6]. If
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the voltage is applied for a limited time, then the electron may
not appear at the central point, and the initial avalanche will be
formed by the electron that appeared closest to the central
point. Therefore, with short-term exposure, the initial voltage
loses its definition and will change from experience to
experience. This circumstance is one of the reasons for the
scatter of initial stresses, which are the greatest during short-
term stress effects [3,5]. In this work, we will assume that the
voltage is applied for an indefinitely long time.

If in a uniform electric field, the initial voltages obey
Paschen’s law, according to which Vy = f(pd)then in
inhomogeneous fields a generalization of this law is the law of
similarity of discharges [2, 3, 5]. According to this law, in
inhomogeneous fields, the static initial stress is a function of
the product of the gas pressure or its relative density by one of
the geometric dimensions of the gap and the ratio of all other
defining geometric dimensions to this size.

Finding potentials and electric fields for a given distribution of
electric charges in space is easily solved only in the simplest
cases, when the positions of all charges are fixed. Solving
problems of electrostatics in this case comes down to the
application of Coulomb’s law and several integrations [7-12].
But for real practical electrostatic problems, the actual
distribution of charges is not always known. The position that
the charges take depends on the electric field strength E, and
it, in turn, is determined by the charge distribution itself. The
introduction of any conductor or insulator into the field of
other charges, the location of which is known, leads to the
movement of all charges and, thereby, to a change in the
charge distribution density on each body, regardless of
whether it is a conductor or a dielectric. For practical
problems, special methods for approximate calculation of
fields, graphical and semi-graphical methods have been
developed. More complex problems can be solved by using a
number of techniques and a special mathematical apparatus,
which in some cases makes it possible to obtain a solution in
analytical form [7-9].

In reality, we mainly have to deal with solving problems, for
which the charge distributions are not known, but the shapes
of the conductors, their relative location in space and potentials
are given. Finding a solution in analytical form for such
systems is usually a complex mathematical problem

In this study, based on solving the Laplace equation for the
“cylinder-plane” electrode system, taking into account the
image charges and using the condition of self-sufficiency of
the electric discharge, a nonlinear equation for the potential on
the electrode surface with the smallest radius of curvature is
obtained. Next, to optimize this nonlinear equation, the
Newton Raphson numerical method is used, as a result of
which an expression is obtained for determining the initial
discharge voltage of the corona discharge ignition. This
approach to determining the initial ignition discharge voltage
for the “cylinder-plane” electrode system can be considered as
a scientific novelty of the presented work.

1.1. Statement of the Problem

For the “thin cylinder-plane” electrode system, using the
Newton-Raphson numerical method, it is required to find with
sufficient accuracy the extremum of the function Vy = f(ry).
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In this case, it is assumed that above the surface of a grounded
flat ideally conducting electrode (thin cylinder), parallel to it
at a height h, an infinite conductor of circular cross-section
with radius ry (see Fig. 1) is suspended, the potential of which
is equal to V and the relative density of the medium in the
interelectrode gap is equal to 8. It is necessary to determine the
radius rg, of the cylinder at which the initial voltage of the
electric discharge V; around the conductor would be
maximum.

Figure 1. “Thin cylinder-plane” electrode system
1.2. The Approach to Solving the Problem

In this work, within the framework of the stated problem, we
have investigated the “cylinder-plane” electrode system,
which is widely used in the implementation of various
technical problems of electron-ion technology. At the same
time, it should be noted that the solution to a similar problem
for other electrode systems can be implemented using similar
reasoning, but taking into account the determination of the
potential and electric field strength for a given geometric
configuration of the electrode system. For example, for the
“sphere-plane” electrode system, Laplace’s equation is solved
in a spherical coordinate system, and for the “plane-plane”
electrode system in a Cartesian coordinate system, etc. And
then, the implementation of the problem is carried out
similarly to the case considered.

Note that the mentioned electrode systems were not part of the
purpose of the task and therefore were not analyzed within the
framework of this work.

Obviously, a self-sustaining electric discharge near a round
conductor begins when the maximum electric field strength
Emax on its surface is equal to the initial strength E.

Since the value of E,,,x depends on the cylinder potential V in
a linear way, then from the equation E,,x = E, it is easy to
find the dependence of the initial voltage V,, on the radius of
the conductor R,. After this, using the Newton Raphson
method, it is easy to find the extremum of the function V, =
f(ry), which will be the solution to the problem.

The conditions of the problem do not stipulate in any way the
relationship between the values of h and ry, so we will
consider them comparable. In this case, it is necessary to take
into account the displacement of the electrical axis of the
cylinder relative to its geometric axis. To do this, we use the
simplest system of equivalent charges, constructed in
accordance with the image method in a cylinder at a distance
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a = r3/2h under the geometric axis of the conductor, i.e. Ata
height (h —a) above a grounded flat ideally conducting
electrode we will place an infinite uniformly charged axis with
a charge density Q and below it at a depth (h —a )under a
grounded flat ideally conducting electrode an axis with a
charge density —Q.

Thus, the system of equivalent charges that replace the real
charges distributed over the surfaces of the conductor and the
grounded flat ideally conducting electrode, in this case,
consists of the two mentioned uniformly charged axes. In
accordance with the principle of superposition, their total
charge is zero.

Since a circular wire of radius R has a potential V> 0 and a
grounded flat ideally conducting electrode has zero potential,
the maximum electric field strength on the surface of the
cylinder will be achieved at its point P which is closest to the
grounded electrode (see Fig. 1)

2. Theory

To achieve the goal, the problem is solved step by step.
Initially, for the system under consideration, based on the
Laplace equation in a cylindrical coordinate system, the
potential on the surface of the electrode with the smallest
radius of curvature (cylinder) is analytically determined,
taking into account the charge of the image. However, this
expression of the potential for a given electrode system does
not allow us to determine the initial voltage of the occurrence
of a corona discharge due to the fact that it includes
optimization parameters characterizing a given electrode
system that must be determined. For this reason, further using
the relationship between the electric field strength and the
potential, as well as the condition of independence of the
electric discharge, a nonlinear equation for the potential of a
cylindrical electrode is obtained that can be optimized. At the
final stage of the algorithm, in order to optimize this nonlinear
equation, the Newton-Raphson numerical method was used,
for implementation of which a program was compiled in
MATLAB.

As itis known, the most general method for calculating electric
fields is the direct integration of the Laplace or Poisson
equations, under given boundary conditions. [9,11,13].

-V%(V) =0 (1a)
E=-VV (1b)
where E and V are the electric field and potential respectively,

and € = g€, is permittivity coefficient.

To find the parameters of the electrostatic field of the “thin
cylinder-plane” electrode system, it is convenient to use a
cylindrical coordinate system. Then Laplace's equation will
take the form.

2(r28) -0 9

Consequently, for the case under consideration, the
fundamental solution of Laplace's equation will have the form:
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0y = = log (Zh L a) @

- 2mey Ry—a

Based on this expression, if we accept that ¢p = Vi.e. the
given potential of the cylinder V, then it is easy to determine
the values of the unknown charge Q, therefore:

2megV 3)
2h—1y—a
log( To —Oa )

The maximum value of the electric field strength E,,, on the
surface of the cylinder is obviously achieved at point P. It is
equal to:

Q:

Q (h—a) 4)

eo (ro— @)Q2h—1, — @)

Emax =

Substituting the previously obtained expression for Q into this
formula, we obtain the functional dependence Ep,.4(Ro),

I A ) ©)
Einax(ro) = log (Zhr; toa— a) (ro—a)2h—1,—a)

The condition for the independence of the electric discharge
will be satisfied under the condition E,x = E,, where E, is
the initial field strength, which for the case of a smooth round
cylindrical conductor with radius r, can be determined by the
empirical formula [1,3].

Eo(ro) = 2451035 (1+ (r:;isg) Viem (6)

where § -is the relative density of air.

Assuming the equality Eq.(ry) = Eo(rp) we obtain the
following equation for the unknown value of the initial voltage
Vo (ro):

0.65 7
Vo(rp) = 24.5-10%8 (1 + 7(10%5)038) . )

o (Zh—ro—a)_(ro—a)(Zh—rO—a)
& To—a (h—a)

Finding the extremum of the function V, = V(r,), described
by expression (7), by the Newton-Raphson method is

organized in the form of a sequence of approximations r((,k),

k =0,1,2, ... calculated by the formula [14]:

700 = p =D W (i) ©®
0 0 Vo" (ro(k_l))

where V, (r(()k)) values of the right hand side of expression (7)
at points r(()k) Vo' (r(()k_l)) values of the first derivative of the
function £(ro) at points r< 2, v,” (r(()k_l)) - the values of its

second derivative at points r(()k_l) . Often, both the first and the
second derivatives of a function look unwieldy. In this case,
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the derivatives can be replaced by the corresponding finite
differences. For the first derivative, we choose the central
difference, and for the second one we choose the symmetrical
second difference. Due to the complexity of the function
V(o) on the right hand side of expression (7), it is advisable
to calculate its first and second derivatives approximately,
using the central finite difference of the second order of
accuracy.

, Vo(ro + Arg) — Vo (1ry — Arg) 9a

v, (ro) o\To 02 00 0 0 (9a)
Vo' (ry + Arp) — V' (ry — A1

v, (ro) o (1 0) 00(0 0) (9b)

where Ar is the final increment of the value of r,, which was
taken equal to Argy/rq = 107°.

3. Analysis of the Results

Based on formulas (5) and (7) for the considered cylinder-
plane electrode system, Fig. 2 and Fig. 3 show the results of
calculating the electric field strength E,ax(ro) and the initial
voltage Vy(ry) ath =0.1m, § =1,V = 1kV , respectively.

 x10%

Emax, Vim

|

o 0.02 0.04 0.06 0.08 0.1

Figure 2. Dependence of the maximum electric field strength
on the electrode radius vy for the “thin cylinder-plane”
electrode system (h =01m, § =1,V = 1kV).

x103

3

25T

LY

Figure 3. Dependence of the initial ignition voltage on the
electrode radius ry for the “thin cylinder-plane” electrode
system(h=01m,8 =1)

Analyzing the nature of the change in Fig. 3, we see that the
maximum value of the curve V, (1) is in the range of values
0.02 < ry < 0.04 m. Therefore, as the initial value of r, we
will take the obviously larger value r, = 0.05m. The
sequence of values, calculated using iterative formula (8)
ro(k), k=1,2,...,10. In this case, the relative calculation
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error Sro(k) is calculated using the formula [14],

0 (10)

®)
o

(k) (k-1)
r
6r0(k) =|—

By using the Newton-Raphson method in Matlab, for different
gap values of the “cylinder-plane” electrode system, the
calculated optimization values Vy(k) and ry(k) are presented
in Fig. 4 and fig. 5, respectively. In this case, the calculation
continues until 6r()(k) < & = 107°. Taking these circumstances
into account, it is easy to show that the convergence of the
Newton-Raphson method for optimizing the values of Vypax
and 7g;mq, according to Egs. (7), (8), (9a), and (9b) for various
values of h at a relative air density § is completed in six or
seven steps. These results are shown in Figures 6 and 7
respectively.

3 x10°

0 > " 6 s 10

iteration
Figure 4. Convergence of the Newton-Raphson method for
optimization values of V.4, by using formula (7) for the
three different values of h and the relative air density § = 1.
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Figure 5. Convergence of the Newton-Raphson method for the
optimization of 7ry,,4, by using formula (7) for the three
different values of h and the relative air density § = 1.

In conclusion, it should be noted that such an expression
method for determining the initial ignition voltage of a corona
discharge is of practical importance for solving a number of
technical problems in electron-ion technology, for example, in
the development of a discharge cell for modifying the surface
properties of materials, in nanotechnology, in the creation of
electrets, etc. For this reason, this work is expected to stimulate
the development of various in-demand electrode systems that
are used in a wide variety of engineering fields.
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iteration

Figure 6. Convergence of the Newton-Raphson method for the
optimization of Vg, for the three different values of the
relative air density § at h=0.1 m.
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Figure 7. Convergence of the Newton-Raphson method for the
optimization of ry,,4, for the three different values of the
relative air density § ath = 0.1m.

4. Conclusion

Based on the condition of self-sufficiency of the electric
discharge, an expression has been found to determine the
initial ignition voltage for the “cylinder-plane” electrode
system.

By wusing the Newton-Raphson method in symbolic
programming language Matlab for the “cylinder-plane”
electrode system, the convergence of the method was analyzed
for varying degrees of electric field inhomogeneity in the
interelectrode gap.
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Abstract: Renewable energy (RE) is a vital source for the sustainable development of society and economy. It plays a significant role
in meeting energy requirements of both developed and developing countries. Moreover, renewable energy creats multiple benefits such
as environmental improvement, increases fuel diversity, reduction of energy price, volality effect on their economy, national economic
security, and increases in economic productivity. Selection of the most appropriate RE alternatives for any country can provide
guidelines to planners of regional, national and global energy systems. The issue of ranking renewable energy sources involves many
conflicting criteria and is a complicated problem since it needs to simultaneously incorporate technical, economic, cost, social-political,
and environmental criteria. In this study, an integrated multi criteria decision making (MCDM) aproach consisting of interval type-2
fuzzy Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) and Compressed Proportional Assessment (COPRAS)
method is conducted to prioritize RE alternatives in order to direct planning of the national RE investments. A real case application for
Turkey has been presented via expert evaluations to demonstrate applicability of the proposed methodology.

Keywords: COPRAS, Interval type-2 fuzzy sets, Multi criteria decision making, Renewable energy, TOPSIS.

Yenilenebilir Enerji Alternatiflerinin Degerlendirilmesinde Copras ve Interval Type-2 Fuzzy Topsis ile Hibrit
Yaklasima Dayah Bir Karar Destek Sistemi

Oz: Yenilenebilir enerji (YE), toplumun ve ekonominin siirdiiriilebilir gelisimi icin hayati bir kaynaktir. Hem gelismis hem de
gelismekte olan {ilkelerin enerji ihtiyacinin karsilanmasinda 6nemli rol oynamaktadir. Ayrica yenilenebilir enerji, ¢evrenin
iyilestirilmesi, yakit ¢esitliliginin artmasi, enerji fiyatlarinin diismesi, ekonomilerde degisiklik etkisi, ulusal ekonomik giivenlik ve
ekonomik verimliligin artmasi gibi birgok fayda yaratmaktadir. Herhangi bir iilke i¢in en uygun yenilenebilir enerji alternatiflerinin
secimi, bolgesel, ulusal ve kiiresel enerji sistemleri planlamacilarina yol gosterici olabilir. Yenilenebilir enerji kaynaklarinin siralanmast
konusu, birbiriyle ¢elisen bir¢ok kriteri igermekte olup; teknik, ekonomik, maliyet, sosyo-politik ve ¢evresel kriterlerin es zamanli
olarak bir araya getirilmesi bakimindan karmasik bir sorundur. Bu calismada, ulusal yenilenebilir enerji yatirimlarmnin dogrudan
planlanmasinda YE alternatiflerini 6nceliklendirmek amaciyla Aralikli Tip-2 Bulanik TOPSIS Teknigi ve COPRAS yo6nteminden
olusan entegre ¢ok kriterli karar verme (MCDM) yaklagimi kullanilmustir. Onerilen metodolojinin uygulanabilirligini gdstermek
amactyla uzman degerlendirmeleri yoluyla Tiirkiye i¢in gergek bir vaka uygulamasi sunulmustur.

Anahtar kelimeler: Aralikli tip-2 bulanik kiimeler, COPRAS, Cok kriterli karar verme, TOPSIS, Yenilenebilir enerji.

1. Introduction biomass, solar energy, wind energy and geothermal energy
play an important role in meeting the energy requirements

Renewable energy (RE) sources such as hydroelectricity, around the World [1, 2]. RE is the inevitable choice for
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sustainable economic growth, for the harmonious coexistence
of human and environment as well as for the sustainable
development. In order to determine a set of RE sources to meet
the energy requirements in an optimal way, ranking the
alternatives and selection of the optimum one for any country
is crucially important for the investment decisions involving
social, economic, environmental and political factors [2, 3].

The decision making process consists of options derived from
hierarchical comparisons among alternatives based mostly on
conflicting criteria. MCDM is used for the solution of decision
making problems for this reason. MCDM is within the scope
of operational research models that help sort alternatives or
choose the best among multiple criteria [4]. Decisions are
made on the basis of compromise or compromise among a
large number of conflicting criteria. There are many MCDM
approaches and these approaches can be used by combining
with fuzzy set theory under uncertainty.

In the literature, there are several studies that addressed the
selection of the best RE project [2, 5] using MCDM methods.
On the other hand, some studies considered the geographic
region to a higher level, yielding cost/benefit studies of RE
sources for different countries such as Pakistan [6], Malaysia
[7], Indonesia [8], North Korea [9], Iran [10], and Germany
[11]. Turkey has been one of the geographic locations for
which such RE source cost/benefit studies have been
undertaken [e.g., 3, 12, 14, 15, 16, 17], A summary of these
studies carried out for selection of the best RE source in Turkey
is presented in Table 1.

As it can be followed in the Table 1, most the relevant studies
that took Turkey as the case, implemented various MCDM
methods in the identification of best sub-set of RE sources.
Interestingly, results of these prior studies had differing results;
while hydroelectric power led the ranks in some cases, wind
energy was found to be the top-ranked alternative in many
others.

In this study, a methodology consisting of combined interval
type-2 fuzzy (IT2FS) TOPSIS and COPRAS aproach is
proposed to obtain ranking of RE alternatives in order to the
planning of national RE investments in future [18]. TOPSIS
method is applied to determine the positive ideal solution and
negative ideal solution. The COPRAS method presented, uses
an evaluating of the RE sources with respect to significance
and utility degree [11, 19].

The reminder of this study is structured as follows: Turkey’s
current RE context and future projections, the criteria for
evaluating RE sources, brief background information about
TOPSIS and COPRAS methods and the proposed
methodology are described in Section 2. The illustrative case
for the context of Turkey is discussed to show the benefits of
the proposed method, followed by the results in Section 3.
Concluding remarks and future research directions are
provided in Section 4.

2. Material and Methods
2.1. Background of Turkey Based on RE Resources

Depending on the economic growth and population growth in
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Turkey, the energy demand is constantly increasing [20].
Turkey's primary energy supply increased from 53 million tons
of oil equivalent (Mtoe) in 1990 to 144 Mtoe in 2018 (see
Figure 1).
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Figure 1. Total Primary Energy Production (Mtoe) And
Supply (Mtoe) In Turkey Between Years 1990 And 2018 [27]

As it can be seen from Figure 2, around 27.6% of the total
energy supply has been met by the domestic energy production
in 2018 while the domestic energy production has met 47.8%
of the primary energy supply in 1990 [27]; Turkey has an
increasing dependency on energy imports.

The COPRAS method presented uses an evaluating of the RE
sources with respect to significance and utility degree.
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Figure. 2. The Coverage Ratio (%) Of Energy Production To
Total Primary Energy Supply In Turkey Between Years 1990
And 2018 [27]

The share of energy sources in Turkey’s primary energy
production in 2018 is shown in Figure 3. As it can be observed
from this figure, coal production constitutes 39.8% of the total
energy production with 17.7 Mtoe energy production. The coal
is followed by a renewable source geothermal (8.3 Mtoe
production and 21% share) and geothermal is followed by
hydraulic (5.1 Mtoe production and 13% share). Other
renewable energy sources like bioenergy and wastes, wind and
solar have a total production of 6.2 Mtoe and 15.8% share. The
rest of the production comes from oil, asphalt and natural gas
with a total production of 3.8 Mtoe and 10.4% share [27].
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Table 1. A Literature Summary For Selecting The Best RE Source For Turkey
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Based
Author(s) Year on Types Methodology Ranking of energy sources
Fuzzy
Topcu and Ulengin [16] 2004 - - PROMETHEE Wind > Hydro > PV > Biomass > Nuclear > Natural gas > Fossil fuels
ANP and BCOR Biomass > Geothermal > Coal > Wind > Hydropower > Solar >
Ulutas [17] 2005 ) i analysis Petroleum > Nuclear > Natural gas
Yes Type 1 AD . .
Kahraman et al. [13] 2009 Wind > Solar > Biomass > Geothermal > Hydropower
Yes Type 1 AHP
Wind > Solar > Biomass > Geothermal > Hydro > Natural gas > Coal
Kahraman and Kaya [3] 2010 Yes Type 1 Fuzzy AHP and lignite > Nuclear > Oil
AHP and modified Wind > Biomass > Solar > Combined heat and power > Hydraulic >
Kaya and Kahraman [21] 2011 Yes Type-1 TOPSIS Nuclear > Conventional
Atmaca and Basar [22] 2012 - - ANP Nuclear > Natural gas > Geothermal > Wind > Hydro > Coal/Lignite
Ertay et al. [23] 2013 Yes Type 1 MACBETH and AHP | Wind > Solar > Biomass > Geothermal > Hydropower
Kabak and Dagdeviren [12] 2014 - - aAnljll; :iI;d BCOR Hydro > Solar > Wind > Geothermal > Biomass
Pak et al. [14] 2015 - - ANP and TOPSIS Hydraulic > Wind > Biomass > Geothermal > Solar
Sengiil et al. [15] 2015 Yes Type 1 TOPSIS and AHP Hydro > Geothermal > Regulator > Wind
- - DEMATEL and ANP | Wind > Solar > Biomass > Hydraulic > Geothermal
Biiyiikozkan and Giileryiiz [24] [ 2016
- - ANP Wind > Solar > Geothermal > Biomass > Hydraulic
GREY, ANP,
Celikbilek and Tiiysiiz [25] 2016 Yes Type-1 DEMATEL and Solar > Wind > Hydro > Biomass > Geothermal
VIKOR
Balin and Baracli [26] 2017 Yes %g:f/ TOPSIS and AHP Solar > Biomass > Geothermal > Hydraulic > Hydro
Colak and Kaya [18] 2017 Yes ;zg:f/ AHP and TOPSIS Wind > Solar >Hydraulic > Biomass > Geothermal > Wave > Hydro
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Figure 3. The Percent Share Of Energy Sources In Turkey’s
Primary Energy Production In 2018 [27]

The share of energy sources in Turkey’s primary energy
production in 2010 and 2018 is shown in Figure 4. This figure
shows that the percent share of renewable energy sources in
the energy production of Turkey has been increasing
significantly.
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Between Years 2012 To 2017 For Electricity Production In
Turkey (Turkey General Directorate of Renewable Energy)

Installed Capacity (MW)

Energy Source
2012 (2013 (2014 [2015 [2016 |2017

Sun 40.2 248.8 |832.5 3420

Bioenergy 158.5 |224 |288.1 |362.4 |488.7 |634.2

Geothermal 1622 |310.8 |404.9 6239 |820.9 |1063.7

Wind 2260.5 (2759.6|3629.7 |4503.2 |5751.3 |6516.2

Hydraulic 19609.422289 |23643.2|25867.8|26681.1|27273.1
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Figure 4. The Percent Share Of Energy Sources In Turkey's
Primary Energy Production In Years Of 2010 And 2018 [27]

According to the pertinent energy demand estimation studies
[e.q., 28, 29], the energy requirement of Turkey will continue
to grow in the future. Currently, Turkey imports a large
quantity of energy, and hence it is expected that it will invest
in the energy sector to reduce its dependency on foreign energy
sources [30]. Turkey is ranked to be second for geothermal and
solar energy potential in the European Union while ranking to
be the third for hydro and wind energy potential. Its available
biomass sources are also considerable [12, 20]. Table 2 shows
the installed renewable energy source capacities between years
2012 and 2017 for electricity production in Turkey.

Given the significant level of energy imports and the potential

for various renewable energy sources, a prioritization of
renewable energy investment alternatives such as hydropower,
biomass, geothermal energy, wind energy and solar energy is
important for policy makers and investors. Today, Turkey
aims to increase its renewable energy sources. In its strategic
goals for 2023, renewable energy is mentioned to be increased
to a share of 40% of the total energy production [27].

Table 2. Total Renewable Energy Installed Capacity (MW)

2.2. Research Framework

In this study, firstly, 85 criteria based on our literature review
are examined. After eliminating some of those criteria by the
experts, the most crucial top 18 criteria are fixed (see Table 3).

The proposed methodology includes a combination of TOPSIS
and COPRAS methods based on type-2 range sets. Figure 5
shows the steps of the proposed method. TOPSIS and
COPRAS are multi-criteria decision-making approaches used
in different fields [31, 32, 33, 34]. TOPSIS method is selected
due to its advantages like simplicity and ability to evaluate the
relative performance for each alternative in a simple
mathematical form. The obtained criteria weights of FPIS and
FNIS are used as an input to COPRAS method as well as
alternative evaluations with respect to each criterion which are
determined from literature. By combining these two MCDM
methods based on interval type-2 fuzzy sets, it is intended to
reveal the factors and their relations related to RE investments
and provide guidelines for policy makers and investors in
determining investments priorities.

The steps of TOPSIS method can be described as
follows [32, 35, 36]:

Step 1. Construct the decision matrix (D). The structure
of matrix can be expressed as given in Eq. (1).

X, X, - X,

Aj[X11 X120 0 Xig

D= Ay[X21 X2 - Xop
N : : |
Am Xm1 Xm2 - Xmn ( )

= [xi],0
i=12,..m j=12,..,n
where Ai denotes i. alternative, (i = 1, 2, ..., m); X]

represents jth attribute or criterion, (j=1, 2, ..., n). Also,
Xij is the performance rating of ith alternative Ai with
respect to attribute Xj.
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Data collection

]

Determination of the criteria

!

Calculation of the criteria weights

Calculation of normalized decision matrix

Calculation of weighted normalized decision
matrix

Interval type-2 fuzzy TOPSIS

- ( )
( )
- )
| !

L )
( )
- )

Calculation Si+ and Si- for FPIS and FNIS

Determine the relative importance of alternative

Calculation of closeness coefficients and
performance index

COPRAS

Ranking of the alternatives

[ Analysis of the results

Figure 5. The Steps Of The Proposed Methodology

Step 2. Construct the normalized decision matrix (R)
using Eq. (2). The normalized values (r;) of the decision
matrix are calculated using Eq. (3).

1 Tz = Tn

21 T2 o Top
"Tmi Tmz °° Tmn (2)
i=1,2,..,m;
j=12,...,n
x..
Tij_ Y
1% 3)
(i=12,...m; j=12,...,n)

Step 3. Calculate the weighted normalized decision
matrix (V) using Eq. (4). w; represents the weight of j*
attribute. The weighted normalized value vjis calculated
by multiplying the normalized decision matrix by its
corresponding value as given Eq. (5).

Vi1 Viz = Vin
U1 Uz 0 Dy

n
V=1 T [”ij]mxn
vml sz Umn (4)
i=12,...m; j=1,2,...,n
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Table 3 The Criteria For RE Alternatives
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Main Criteria

Ci

Technical factors
3

Cs

Ce

Economic Cy
factors

Co

Cost factors

Cio

Sub-criteria

Efficiency

Maturity

Setup (Installation) time

Energy
capacity

production

Risk
Ease of access to source

Operational life (Service
life)

Contribution to economy

Investment cost

Operation and

Maintenance costs

References

Afgan and Carvalho (2002) [37], Theodorou et al. (2010) [38], Ahmad and Tahar (2014) [7], Amer and Daim (2011) [6], Sengiil et al. (2015)
[15], Al Garni et al. (2016) [39], Shmelev and Jeroen (2016) [40], Gitinavard et al. (2017) [10], Lee and Chang (2018) [41], Ghose et al.
(2019) [42], Hassan et al. (2019) [43], Seddiki and Bennadji (2019) [44], Ayag and Samanlioglu (2020) [45], Colak and Kaya (2020) [46],
Ghenai et al. (2020) [47], Rani et al. (2020) [48]

Theodorou et al. (2010) [38], Amer and Daim (2011) [6], Ahmad and Tahar (2014) [7], Troldborg et al. (2014), Shmelev and Jeroen (2016)
[40], Al Garni et al. (2016) [39], Colak and Kaya (2017) [18], Martin-Gamboa et al. (2017) [49], Lee and Chang (2018) [41], Hassan et al.
(2019) [43], Lietal. (2019) [50], Naicker and Thopil (2019) [51], Zhang et al. (2019) [52], Colak and Kaya (2020) [46]

San Cristobal (2009) [5], Kahraman et al. (2009) [13], Kahraman and Kaya (2010) [3], Ahmad and Tahar (2014) [7], Shmelev and Jeroen
(2016) [40], Colak and Kaya (2017) [18]

Colak and Kaya (2017) [18], Lee and Chang (2018) [41], Seddiki and Bennadji (2019) [44], Ghenai et al. (2020) [47], Nsafon et al. (2020)
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[40], Colak and Kaya (2017) [18], Martin-Gamboa et al. (2017) [49], Hassan et al. (2019) [43], Zhang et al. (2019) [52], Colak and Kaya
(2020) [46]

Kahraman et al. (2009) [13], Kahraman and Kaya (2010) [3], Tasri and Susilawati (2014) [8], Troldborg et al. (2014) [55], Colak and Kaya
(2017) [18], Pasaoglu et al. (2018) [56], Li et al. (2019) [50], Deveci and Giiler (2020) [54]
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Susilawati (2014) [8], Troldborg et al. (2014) [55], Sengiil et al. (2015) [15], Al Garni et al. (2016) [39], Shmelev and Jeroen (2016) [40],
Gitinavard et al. (2017) [10], Martin-Gamboa et al. (2017) [49], Lee and Chang (2018) [41], Pasaoglu et al. (2018) [56], Yang et al. (2018)
[57], Ghose et al. (2019) [42], Hassan et al. (2019) [43], Seddiki and Bennadji (2019) [44], Zhang et al. (2019) [52], Alizadeh et.al. (2020)
[58], Colak and Kaya (2020) [46], Nsafon et al. (2020) [53], Rani et al. (2020) [48]
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et al. (2020) [58], Colak and Kaya (2020) [46], Deveci and Giiler (2020) [54], Rani et al. (2020) [48]

Table 3 The Criteria For RE Alternatives (continue)

Socio-political factors

Cu__ Social acceptability

Amer and Daim (2009) [6], Theodorou et al. (2010) [38] , Ahmad and Tahar (2014) [7], Tasri and Susilawati (2014) [8],
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Environmental factors

Ci2

Cis

Cig

Job creation potential

Political acceptance

Impact on environment

Sustainable

Land requirement

Requirement for waste disposal

Proximity to user

Troldborg et al. (2014) [55], Sengiil et al. (2015) [15], Shmelev and Jeroen (2016) [40], Al Garni et al. (2016) [39], Colak and
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Vij = Wi X Ty (5)
i=12,...m j=12,...n)
Step 4. Determine PIS (A*) and NIS (A-) using Egs. (6) and
(7), respectively.
A" ={v},v3, .., v}

= {(maxvylj €7). (minvili g)
)

J
A ={v{, vy, ...,vn}
={ min vy |j E]):(miaxvijlj (7)

13

e/}

where J corresponds to the benefit criteria and J' corresponds
to the cost criteria.

E 4

Step 5. Calculate the distance of each alternative from PIS and
NIS using Egs. (8) and (9), respectively.

(i=1,2,...,m) (8)

(i=1,2...,m) (9)

The COPRAS method [60,61,62] steps are given as in the
following [61]:

Step 6. The sums B;, (benefit criteria) and C;_ (cost criteria)
of weighted normalized values are calculated for FPIS and
FNIS. For beneficial criteria, a higher value is better and for
non-beneficial criteria, lower value is better to achieve the
goal. These sums B;, and C;_ are calculated using Eqgs. (10)
and (11), respectively as follows:

k (10)
B, = Zvij
i=1
- (11)
Ci— = Z Uij
i=k+1

C, and C,, are the sets of benefit and cost criteria.
Step 7. Calculate the relative importance (a;) of each
alternative using Eq. (12).

m.C
@ =B+ =" = (12
Ci 2iz1 7 -
Among the alternatives, one with the highest degree of relative
importance is the best choice.
Step 8. Calculate the closeness coefficient (CCi*) of each
alternative using Eq. (13). CCi* takes value between 0 and 1.
The larger CCi* value stands for the better performance of the
alternative.

a.
CC;=——— 0<CCf<1
a; +a; (13)

i=1,2,....m

Step 9. Or the performance index (f5;) of each alternative is
calculated using Eq. (14) as follows:

Step 9. Or the performance index (f5;) of each alternative is
calculated using Eq. (14) as follows:
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8, =[ il ]xlOO% (14)

amax
where S,,., 1S the maximum relative importance value.
Rank the alternatives according to decreasing values of
Bi.
3. Results and Discussion
In this study, the proposed methodology is used to prioritize
and evaluate RE sources for Turkey. Interval type-2 fuzzy
TOPSIS is carried out to determine the weights of the
evaluation criteria and COPRAS method for performance
evaluation of RE sources. The output of the interval type-2
fuzzy TOPSIS is the input to the COPRAS method. COPRAS
method is integrated because of its various advantages such as
less computational time, very simple and transparent, high
possibility of graphical interpretation, etc.) over other MCDM
methods such as VIKOR, TOPSIS and AHP [61] . A committee
of five decision makers (experts) DM1, DM2, DM3, DM4 and
DMS are formed to select the best renewable energy source
using the 18 criteria which are selected from litrature. The
average subjective fuzzy weights of the 18 criteria are given in
Table 4. The average fuzzy weights for each criterion with
respect to alternatives are calculated by using Eq. (1). The
weighted normalized decision matrix for the RE alternatives is
calculated using Egs. (4) and (5).
In this study, the determination of criteria and their weights
and the ranking of the alternatives are carried out based on 5
experts’ evaluations. It should be noted that enhancing the
study by including other experts from various disciplines and
institutions (2 experts from universities and 3 experts from
private companies) may cause different results and
conclusions. It is difficult to get the opinion of several experts
working in different institutions. It is important to carefully
select the experts. Because result of the study is directly
affected by the knowledge and experience of the experts. In
this study five RE alternatives are determined: Al (Biomass),
A2 (Geothermal), A3 (Hydropower), A4 (Solar) and A5
(Wind). In order to determine relationship between the criteria
with respect to alternatives, the experts define each
relationship by means of verbal expressions as given in [19].
After calculating the normalized decision matrix and weighted
normalized decision matrix, PIS and NIS are calculated using
Egs. (6) and (7). The distance of each alternative from FPIS
and FNIS of each alternative are detailed in Table 5 using Egs.
(8) and (9).
The relative values of the alternative for FPIS and FNIS are
computed using Eq. (12). The closeness coefficients and
performance index of each alternative are computed using Eqgs.
(13) and (14). Results of combined TOPSIS and COPRAS
methods is given in Table 6.
Based on the combined TOPSIS and COPRAS methodology,
the alternatives are ranked in the descending order from the
most preferred to least preferred RE source. According to the
B values, the best RE source and primary investment area is
determined as hydropower energy. Wind is determined as the
second most suitable RE source. The order of the remaining
alternatives is solar energy, geothermal energy and biomass.
Prospectively, the obtained ranking of RE sources aids policy
makers and investors to determine investment priorities. The

68



Sagbas at al./ European J. Eng. App. Sci. 6(2), 61-73, 2023

results of this study showed that, hydropower energy is 2018, hydropower energy is the second energy source with
determined to be the most RE energy supply system in Turkey. 13% share [27]. The present study also supports the decision
It is declared that, all of the hydropower potential which it will taken by ministry. Also the results obtained from this study are
technically and economically be possible to use, shall be used similar to some studies applied to different methods in the
to produce electric power until 2023 [63]. The share of energy literature [15].

sources in according to Turkey’s primary energy production in

Table 4 The Average Subjective Fuzzy Weights Of Criteria

Criteria Weights

Cl : Efficiency ((0.82;0.96;0.96;1;1;1),(0.89;0.96;0.96;0.98;0.9;0.9))
C2 . Maturity ((0.66;0.84;0.84;0.96;1;1),(0.75;0.84;0.84;0.9;0.9;0.9))
C3 . Setup (Installation) time ((0.28;0.46;0.46;0.64;1;1),(0.37;0.46;0.46;0.55;0.9;0.9))
C4 . Energy production capacity ((0.78;0.94;0.94;1;1;1),(0.86;0.94;0.94;0.97;0.9;0.9))
Cs5 . Risk ((0.54;0.74;0.74;0.9;1;1),(0.64;0.74;0.74;0.82;0.9;0.9))
Co6 . Ease of access to source ((0.78;0.92;0.92;0.98;1;1),(0.85;0.92;0.92;0.95;0.9;0.9))
C7 : Operational life (Service life) ((0.58;0.78;0.78;0.94;1;1),(0.68;0.78;0.78;0.86;0.9;0.9))
C8 : Contribution to economy ((0.66;0.84;0.84;0.96;1;1),(0.75;0.84;0.84;0.9;0.9;0.9))
C9 . Investment cost ((0.82;0.96;0.96;1;1;1),(0.89;0.96;0.96;0.98;0.9;0.9))
C10 : Operation and Maintenance costs ((0.62;0.82;0.82;0.96;1;1),(0.72;0.82;0.82;0.89;0.9;0.9))
Cl1 . Social acceptability ((0.36;0.52;0.52;0.68;1;1),(0.44;0.52;0.52;0.6;0.9;0.9))
C12  : Job creation potential ((0.36;0.54;0.54;0.7;1;1),(0.45;0.54;0.54;0.62;0.9;0.9))
€13 : Political acceptance ((0.18:0.32;0.32;0.5;1;1),(0.25;0.32:0.32;0.41;0.9;0.9))
Cl4 : Impact on environment ((0.82;0.96;0.96;1;1;1),(0.89;0.96;0.96;0.98;0.9;0.9))
C15 : Sustainable ((0.82;0.96;0.96;1;1;1),(0.89;0.96;0.96;0.98;0.9;0.9))
Cl16 : Land requirement ((0.38;0.58;0.58;0.74;1;1),(0.48;0.58;0.58;0.66;0.9;0.9))
C17 : Requirement for waste disposal ((0.7;0.88;0.88;0.98;1;1),(0.79;0.88;0.88;0.93;0.9;0.9))
C18 : Proximity to user ((0.36;0.52;0.52;0.68;1;1),(0.44;0.52;0.52;0.6;0.9;0.9))

Table 5 Distances d(Aj, A*) and d(Aj, A-) Of The Alternatives From Fuzzy Positive Ideal Solution (FPIS) And Fuzzy
Negative Ideal Solution (FNIS) (i,j=1,2,3,4,5)

FPIS FNIS
Criteria

Al A2 A3 A4 A5 Al A2 A3 A4 A5
Cl 0.338 0.000 0.094 0.216 0.216 0.000 0.338 0.245 0.122 0.122
C2 1.818 0.509 0.305 0.815 0.000 0.000 1.309 1.513 1.003 1.818
C3 0.000 0.112 0.466 0.502 0.592 0.592 0.481 0.127 0.090 0.000
C4 1.402 0.000 0.211 0.211 0.092 0.000 1.402 1.192 1.192 1.311
C5 0.358 1.064 0.995 0.600 0.000 0.706 0.000 0.069 0.464 1.064
C6 0.406 0.000 0.259 0.618 0.877 0.471 0.877 0.618 0.259 0.000
C7 1.540 0.999 0.645 0.185 0.000 0.000 0.541 0.895 1.355 1.540
C8 1.157 0.668 0.293 0.000 0.083 0.000 0.489 0.864 1.157 1.075
C9 0.000 0.650 0.452 0.955 0.816 0.955 0.305 0.504 0.000 0.139
C10 0.523 0.782 0.000 0.655 0.891 0.368 0.108 0.891 0.235 0.000
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Table 5 Distances d(Aj, A*) and d(Aj, A-) Of The Alternatives From Fuzzy Positive Ideal Solution (FPIS) And Fuzzy
Negative Ideal Solution (FNIS) (i,j=1,2,3,4,5) (continue)

Cl1 0.089 0.073 0.000 0.101 0.095 0.011 0.027 0.101 0.000 0.005
C12 0.259 0.000 0.000 0.451 0.397 0.192 0.451 0.451 0.000 0.054
C13 0.681 0.681 0.000 0.213 0.102 0.000 0.000 0.681 0.468 0.579
Cl4 1.475 2.971 0.000 1.239 0.694 1.495 0.000 2.971 1.732 2.277
Ci15 1.024 0.461 0.583 0.000 0.122 0.000 0.564 0.441 1.024 0.902
Cl6 0.233 0.765 0.000 1.140 1.219 0.986 0.454 1.219 0.078 0.000
C17 0.000 0.740 0.730  2.528 2.528 2.528 1.788 1.798 0.000 0.000
Ci18 0.528 0.521 0.953 0.000 0.186 0.425 0.432 0.000 0.953 0.767
Table 6 Closeness Coefficients (CC;) Of The Five Alternatives

RE alternatives ar a” Ccc; B Ranking
Biomass 11.310 6.146 0.352 0.466 5
Geothermal 8.510 8.782 0.508 0.673 4
Hydropower 4.238 13.049 0.755 1.000 1

Solar 7.832 9.469 0.547 0.725 3

Wind 6.748 10.532 0.609 0.807 2

4. Conclusions

During the last decade, RE investments in Turkey have been
increasing. Because Turkey has a significant potential of RE
sources such as solar energy, wind energy, hydroelectric,
geothermal energy and biomass in terms of electricity energy
and heat production. The prioritization and thus ranking of RE
alternatives assist policy makers and
determination of investment priorities for sustainable energy
planning in Turkey. In this study, a methodology consisting of
combined TOPSIS and COPRAS methods is proposed
considering technical, cost, economic, social-political, and
environmental aspects in order to plan for national RE
investments. The results achieved suggest that hydropower
energy is the most promising investment area with the highest
priority for Turkey. The remaining order of the alternatives in
descending order is: wind energy, solar energy, geothermal
energy and biomass. Hydropower energy is one of the most
technologically advanced renewable energy sources among
renewable energy sources. Hydropower plants are a high
efficiency, fuel-free, long-lasting, clean, low-risk energy

investors in

source with a low operating cost. For this reason, it is preferred
in meeting the reliable and sustainable electricity needs of
developed countries with the effect of increasing
environmental awareness. In the further research, other multi
criteria decision making methods may be used to test and
compare the results obtained in this study.
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Arastirma Makalesi

Dijital Donusiim Ekseninde Cok Kriterli Karar Verme
Yontemleri ile Endiistri 4.0 Olgunluk Modelinin
Degerlendirilmesi

Melike Selen Dermencil” *, Aysun Sagbas?
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O7z: Teknolojik gelisme ve rekabetin hizla arttig1 giiniimiizde, verimlilik ve iiretkenligi arttirarak siirdiiriilebilir iiretim gerceklestirme
hedefinde olan isletmeler i¢in; dijitallesme siirecine uyum saglamak, mutlak bir gereklilik olarak géziikkmektedir. Bu ¢ergevede, rekabet
avantaji saglamak isteyen igletmelerin bu degisimler karsisinda aksiyon alabilmeleri i¢in, dijital doniisiim yol haritasinin olusturulmasi
biiyiik 6nem arz etmektedir. Yapilan ¢alismada; beyaz esya sektoriinde faaliyet gosteren bir isletmede; endiistri 4.0 teknolojik olgunluk
seviyesinin Olgiilebilmesi i¢in, endiistri 4.0’1n yeni nesil teknolojilerini kapsayan bir dijital olgunluk modeli ortaya konulmustur. Bu
amacla, ¢ok kriterli karar verme yontemlerinden AHP (Analitik Hiyerarsi Prosesi) ve TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution) yontemleri uygulanmistir. Gelistirilen olgunluk modelinde yer alan ana ve alt kriter agirliklarinin
belirlenmesi amaci ile Analitik Hiyerarsi Prosesi yontemi kullanilmig olup, ¢caligmanin yapildigi isletmede ¢alisan ve konu iizerinde
uzman kisilerin degerlendirmeleri almmistir. Incelenen olgunluk modelinde ana kriter olarak segilen, fabrika 4.0, lojistik 4.0, yonetim
4.0 ve operator 4.0 ana boyutlari i¢in teknolojik olgunluk seviyesinin derecelendirilmesi TOPSIS yontemiyle gergeklestirilmistir.
Sonugta; endiistri 4.0 ekseninde ve belirlenen kriterler gergevesinde isletmenin teknolojik olgunluk diizeyi belirlenmis ve gelistirilen
olgunluk modelinin farkli sektorlerde faaliyet gdsteren isletmelere, dijital doniisiim konusunda yol gosterici olmasi hedeflenmistir.

Anahtar kelimeler: AHP, Dijital doniisiim, Endiistri 4.0, Olgunluk modeli, TOPSIS

Evaluation of Industry 4.0 Maturity Model with Multi-criteria Decision Making Methods on the Axis of Digital
Transformation

Abstract: In today's world where technological developments and competition are increasing rapidly, adapting to the digitalization
process seems an absolute necessity for businesses that aim to achieve sustainable production by increasing efficiency and productivity.
In this context, it is of great importance to create a digital transformation road map so that businesses that want to gain a competitive
advantage can take action against these changes. In the study in a business operating in the white goods sector; In order to measure the
technological maturity level of Industry 4.0, a digital maturity model covering the new generation technologies of Industry 4.0 has
been introduced. For this purpose, AHP (Analytical Hierarchy Process) and TOPSIS (Technique for Order Preference by Similarity to
Ideal Solution) methods, which are multi-criteria decision-making methods, were applied. Analytical Hierarchy Process method was
used to determine the weights of the main and sub-criteria in the developed maturity model, and the evaluations of people working in
the enterprise where the study was conducted and experts on the subject were received. Grading of the technological maturity level for
the main dimensions of factory 4.0, logistics 4.0, management 4.0 and operator 4.0, which were selected as the main criteria in the
maturity model examined, was carried out with the TOPSIS method. After all;in the Industry 4.0 axis, the technological maturity level
of the enterprise was determined within the framework of the determined criteria, and the maturity model developed was aimed to
guide businesses operating in different sectors on digital transformation.

Keywords: AHP, Digital transformation, Industry 4.0, Maturity model, TOPSIS.
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1. Giris

Buhar makinasinin icat edilmesi ile baslayan sanayi
devrimleri, elektrik enerjisinin kullanilmasi ile seri iiretime
gecilmesine katki saglamis ve sonrasinda dijital devrim olarak
adlandirilan  3.sanayi devrimi ile birlikte, {retimde
dijitallesmenin baglamasina yol agmustir. Giiniimiizde endiistri
4.0 (sanayi 4.0) kavrami; {iretim ve hizmet alaninda faaliyet
gosteren igletmeler i¢in, farkli is slireglerinde uygulanabilecek
cesitli teknolojiler sunmaktadir. Sanayi 4.0 g¢ercevesinde;
endiistriyel alanlara dahil olmaya baglayan yeni nesil
teknolojiler ile, tiiketici davranislar1 karsisinda daha esnek,
piyasa kosullar1 karsisinda daha dayanikli konumlanan iiretim
ve yonetim sistemlerinin olusturulmasi amaglamaktadir. Bu
kapsamda, farkli i siireclerine entegre edilen yeni nesil
teknolojiler ile daha diisiikk maliyet, daha hizli iiretim ve daha
az kaynak tiikketimi konular1 dnem kazanmig ve endiistri 4.0’1n
yani sira siirdiiriilebilirlik kavrami da isletmelerin 6ncelikli
hedefleri arasinda yer almaya baglamistir. Hizli ve radikal
gelismelerin meydana geldigi bu siiregte isletmeler, gesitli
zorluklar ile kars1 karsiya kalmaktadirlar. Her giin gelisen ve
degisen miisteri isteklerini kargilamak ve pazarda giiglii bir
konuma sahip olmak, bu zorluklar igerisinde ilk sirada yer
almaktadir [1]. Bu kapsamda hem giiniimiiz sartlarina uyum
saglamak hem de verimlilik ve iretkenligi arttirarak
stirdiiriilebilir bir dretim anlayisini sahip olabilmek igin
isletmelerin endiistri 4.0 teknolojilerini kullanarak dijitallesme
¢agma ayak uydurmalari mutlak bir gereklilik olarak
gbziikmektedir.

Birinci sanayi devriminden giiniimiize kadar gegen siirede
meydana gelen teknolojik gelismeler hem  giinliik
yasantimizda hem de iiretim siireglerimizde koklii degisimler
yaratmistir. Giiniimiiziin rekabet diinyasinda, isletmeler bu
koklii degisimlere ayak uydurmak durumunda kalmustir.
Yapilan ¢alismada; isletmelere bu degisimler kargisinda
aksiyon alabilmeleri icin gerekli olan yol haritasinin
hazirlanmasi ve isletmelerin dijital doniisiim siireglerinde
olgunluk seviyelerinin belirlenmesi amaciyla, bir endiistri 4.0
dijital olgunluk modelinin ortaya konulmasi hedeflenmistir.
Dijital olgunluk modeli olusturulurken, isletmelere rekabet
avantaji saglayacak tiim yeni nesil teknolojiler g6z Oniine
alimmig olup; fabrika 4.0, lojistik 4.0, yonetim 4.0 ve operator
4.0 olmak iizere 4 farkl teknoloji degerlendirilmistir. Modelin
uygulanmasi ile isletmenin mevcut endiistri 4.0 olgunluk
seviyesinin belirlenmesi ve dort ana boyutun kendi aralarinda
degerlendirilebilir bir yapiya getirilmesi hedeflenmistir. Bu
sayede gelisime daha fazla ihtiya¢ duyulan alanlar belirlenmis
ve Oncelikli alanlarin tanimlanmasi saglanmistir. Calisma
beyaz esya sektoriinde faaliyet gosteren bir isletmede
gerceklestirilmis olup, yapilan ¢alismada kullanilan kriterler,
literatiir ve isletme dinamikleri birlikte degerlendirilerek
secilmigtir. Literatiirde yapilan caligmalar cercevesinde;
isletmenin ilgili bolimlerinde ¢aligan yoneticiler ve
mithendislerin degerlendirmesi ile, isletme bazinda kullanimi
en yaygin olan endistri 4.0 teknolojileri secilmistir.
Literatiirdeki endiistri 4.0 olgunluk modelleri ile ilgili
caligmalar incelediginde; beyaz esya sektorii 6zelinde yapilmisg
kapsamlt bir ¢alismaya rastlanmamistir. Ayrica isletme
dinamikleri gbéz Oniine almarak segilen  kriterler
degerlendirildiginde; sektor 6zelinde spesifik olarak her bir
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endiistri 4.0 teknolojisinin ayr1 ayri irdelenmis olmasi
onemlidir. Bu 0zellikler, c¢alismanin 06zgiin  yoniinii
olusturmakta ve bu yonii ile literatiire farkli bir bakis agisi
kazandirilmast  amaglanmaktadir.  Literatiirde  yapilan
caligmalar incelendiginde daha ¢ok kuramsal temeller {izerine
kurulmus olan olgunluk degerlendirme modellerine
rastlanmigtir. Yapilan ¢aligmada ise; hem iiretime entegre
edilen yeni nesil teknolojileri i¢ine alan, hem de yonetimsel
kavramlar1 kapsayan bir olgunluk modelinin gelistirilmesi,
caligmanin dnemli diger bir 6zgiin degeri olarak belirtilebilir.
Bu gergevede de, literature katki saglayacag diistiniilmektedir.
Uygulama ve isletmeler agisindan bakildiginda; olusturulan
olgunluk modelinin beyaz esya sektdriinde uygulanmasina
ragmen, farkli sektorlere de uygulanmas: ile isletmeler icin
dijital doniisim yolculugunda uzun vadeli bir rehber
niteliginde olmas1 hedeflenmistir.

Isletmelerin endiistri 4.0 dijital olgunluk seviyelerinin
belirlenmesi konusunda literatiirde yapilan calismalar
incelenmis ve asagida 6zetlenmistir. Schumacher, Erol ve Sihn
[2] dordiincii sanayi devrimi teknolojilerinin isletmelere
entegre edilmesini desteklemek amaciyla, firmalar tarafindan
kolay uygulanabilir ve gelecekteki uygulamalara yol gdsteren
bir model 6nermislerdir. Calisma ile ortaya ¢ikarilan model 9
boyut ve 62 alt kriterden olugmakta ve isletmelerin olgunluk
seviyesi agirlikli  ortalama yontemi kullanilarak elde
edilmektedir. Model havacilik ve uzay sektoriinde faaliyet
gosteren bir isletmede anket yontemi kullanilarak uygulanmis
ve anket likert Olgegi kullanilarak degerlendirilmistir.
Commuzzi ve Patel [3] calismalarinda daha ¢ok biiyiik veri
odakl bir teknolojik olgunluk modeli {izerinde durmuslardir.
Likert olgegi kullanilarak ¢alistirilan model, uygulandig: ii¢
firma iginde elestirel bir bakis agisiyla gelecekte atilacak
adimlara yol gosterici olmustur. Héberer, Lau ve Behrendt [4]
ortak ¢alismalarinda, KOBI’lerin endiistri 4.0 olgunluk
derecelerini belirlemek igin sunulan modellerin eksikliklerine
odaklanmuglardir. Farkli iki modelin analiz edilmesi ve avantaj
ve dezavantajlarinin belirlenmesi ile kiigiik ve orta &lgekli
isletmelerin degerlendirilmesini baz alan yeni bir model ortaya
konulmustur. Keskin ve ark. [5] tarafindan olusturulan fi¢
asamali modelde; organizasyonlarmn endiistri 4.0 hazirlik
seviyelerinin tespit edilmesi amaglanmig olup, modelin
¢ozlimlenmesinde ¢ok kriterli karar verme ydntemlerinden
AHP ve TOPSIS tercih edilmistir. Akdil, Ustiindag ve
Cevikcan [6] yaptiklar1 ¢alismada, literatiirde yer alan dort
farkli endiistri 4.0 olgunluk ve hazirlik modelini incelemis ve
bu modellerin karsilastirmasint yapmislardir. Yapilan analizler
ile li¢ boyut ve on {i¢ alt kriterden olusan yeni bir model ortaya
konulmustur.  Gelistirilen model Tiirkiye’de perakende
sektoriinde faaliyet gosteren bir isletmeye uygulanmis ve
belirlenen kriterlerin olgunluk dereceleri hesaplanmistir.
Bibby ve Dehe [7] endistri 4.0 teknolojilerinin
uygulanabilirlik seviyelerini belirlemek amaciyla ii¢ boyuttan
olusan teknolojik olgunluk modeli olusturmuslardir.
Gelecegin fabrikasi, insan-kiiltiir ve strateji olmak tiizere ii¢
ana ve 13 alt kriterden olusan modelde, dijital olgunlugun
Olgiilmesi icin IMPULS ve “dijital operasyonlar &z
degerlendirme modeli” kullanilmistir. Elde edilen modelin
degerlendirme islemi karar vericilerin degerlendirmesi ve
kriterlerin agirlikli ortalamalarinin  hesaplanmasi {izerine
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kurulmustur. Caligma, savunma sanayi alaninda faaliyet
gosteren 12 biiyiik 6lgekli firma i¢in uygulanmustir. Kiraz ve
ark. [8] tarafindan yapilan ¢alismada, isletmelerin hem mevcut
hem de gelecekteki endiistri 4.0 seviyelerinin belirlenmesi i¢in
bir model Onerilmistir. Modelde, IMPULS kriterleri baz
almmig ve kriterlerin 6nem derecelerinin  belirlenmesi
amactyla DEMATEL (The Decision Making Trial and
Evaluation Laboratory) ve literatiirde daha 6nce kullanilmamis
BBH (Bulanik Biligsel Haritalama) yontemlerinden
yararlanilmigtir. Calismanin sonucunda {i¢ farkli senaryo ayri
ayr1 degerlendirilmis ve endiistri 4.0 olgunluk seviyesini en
¢ok etkileyen kavramlar belirlenmistir. Santos ve Martinho [9]
tarafindan Onerilen endiistri 4.0 olgunluk modeli; literatiirde
yer alan ii¢ farkli olgunluk modelinin analiz edilmesi
sonucunda ortaya ¢ikmistir. Analiz sonucunda sunulan bes
boyutlu model, otomotiv sektoriinde faaliyet gosteren iki farkl
isletmede uygulanmigtir. Modelin uygulama agamasinda anket
yonteminden yararlanilmig ve olgunluk seviyeleri tam olarak
aciklanmistir. Koyuncu [10] yaptig1 calismada; literatiirde yer
alan sanayi 4.0 rehberi, baglantili kurumsal olgunluk modeli,
ACATECH, dijital operasyonlar 6z degerlendirme modeli ve
IMPULS olmak iizere farkli endiistri 4.0 olgunluk
degerlendirme modellerinin Bulanik TOPSIS yontemi ile
karsilastirilmasini gerceklestirmistir. Ug uzman karar verici ile
yapilan degerlendirme sonucunda IMPULS modeli en iyi
model olarak secilmis ve uygulama yapilan firmada IMPULS
modelinin uygulanmas: ile gelecek igin bir yol haritasi
olusturulmustur. Etkeser [11] tarafindan yapilan caligmada
KOBI’lerin endiistri 4.0 hazirlik seviyelerini saptamak amaci
ile bir olgunluk modeli iizerinde c¢aligmistir. Dokuz boyut
iizerine kurulmus olan olgunluk modelinin degerlendirme
asamasinda AHP yontemi kullanilmistir. Tekstil ve kimya
sektoriinde faaliyet gosteren iki farkli firmada uygulanan
modelin giivenilirligi de ispatlanmustir. Pacchini ve ark. [12]
tarafindan olusturulan olgunluk modeli; nesnelerin interneti,
biiyiik veri, bulut bilisim, siber-fiziksek sistemler, isbirlik¢i
robotlar, eklemeli imalat, arttirilmug gergeklik ve yapay zeka
olmak lizere sekiz farki yeni nesil teknolojinin
degerlendirilmesini gerceklestirmektedir. Otomotiv
sektoriinde uygulanan model, degerlendirilen isletmenin
¢aligma igerisinde belirlenen alt1 farkli seviyeden hangisinde
yer aldigmin gosterilmesine katki saglamistir. Ciray [13]
tarafindan gergeklestirilen ¢alismada; kiigiik ve orta olgekli
imalat firmalarinin endiistri 4.0 olgunluk diizeylerinin
belirlenmesi i¢in bir olgunluk modeli gelistirilmistir.
Olusturulan model bes boyuttan (Strateji ve Politika, insan ve
Kiiltiir, Organizasyon ve Siirecgler, Bilisim Teknolojileri ve
Uriinler) olusmakta olup, beyaz esya sektoriinde faaliyet
gosteren 23 isletmede uygulanmistir. Modelin uygulanmasi ile
isletmelerin dijital doniigiim siirecleri igin gerekli olan
faaliyetleri  planlayabilecek  ¢iktiya  sahip  olmalari
hedeflenmistir. Wagire ve ark. [14] Hindistan’da bulunan
imalat isletmelerinin teknolojik olgunluk diizeyini belirlemek
amact ile, 7 boyut ve 38 alt kriterden olusan ampirik temelli
bir olgunluk modeli Onermislerdir.  Cok  sayida
degerlendiricinin bulundugu ¢alismada daha dogru bir karar
verme siireci yiiriitiilebilmesi ve kriterlerin nem seviyelerinin
karar vericiler 6zelinde degerlendirilmesi igin bulanik AHP
cok kriterli karar verme yonteminden yararlanilmistir. Rafael
ve ark. [15] IMPULS kriterlerini baz alarak gerceklestirdikleri
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calismada, isletmeler i¢in dijitallesme konusunda yol gosterici
olabilecek bir model ortaya koymuslardir. Olusturulan
modelin standart bir model haline gelebilmesi igin farkli
sektorlerde ve farkli bilimsel yontemeler kullanilarak
uygulanmast gerektigi belirtilmistir.  Sart  [16] yaptig1
caligmada; kriterleri arasinda eklemeli imalat ve biiyiik veri
gibi teknolojilerin yer aldig: bir endiistri 4.0 olgunluk modeli
olusturmustur. Gida ve igecek sektdriinde uygulamasi
gerceklestirilen modelin degerlendirme agamasinda AHP ¢ok
kriterli karar verme yontemi kullanilmistir. Ataman [17] ortaya
koydugu ¢alismasinda; savunma sanayinin endiistri 4.0
olgunluk diizeyini belirlemek amaci ile bulanik AHP teknigini
kullanmistir. 3 uzman goriisii alinarak degerlendirilen modelin
sonucunda 5 kriter i¢cinden en yiiksel degeri sahip kriter strateji
olarak ortaya ¢tkmustir. Rauch ve ark. [18] yaptiklar1 calismada
42 farkli endiistri 4.0 konseptine yer vermis ve olusturulan
olgunluk modelinin degerlendirme asamasinda; kriterlerin
mevcut ve hedef degerlerine ek olarak kriter agirliklarini da
stirece dahil edilmistir. Model, 17 farkli sanayi sirketinde
gerceklestirilmistir. Baki ve Serdar [19] lojistik sektoriinde
faaliyet gosteren firmalarin sanayi 4.0 olgunluk seviyelerini
belirlemek amaci ile bir olgunluk modeli 6nermislerdir.
Onerilen modelde IMPULS olgunluk modeline ait kriterler
kullanilmis olup, modelin degerlendirilmesi iki farkli yontem
ile gerceklestirilmisti. AHP-TOPSIS ve AHP-VIKOR
biitiinlesik yontemlerinin kullanildig1 ¢alismada her iki
yontem sonucunda da kriter i¢in ayni1 siralama elde edilmistir.
Modelin kisit1 olarak, IMPULS modelinde yer alan kriterlerin
lojistik  sektorlinii  tam olarak  yansitmadigi iizerinde
durulmugtur. Tiryaki [20] tarafindan yapilan ¢alismada,
teknoloji gelistirme programlart igin bir etki degerlendirme
modeli olusturulmustur. Model, ii¢ modiil iizerine kurulmus
olup her bir modiil altinda 3 adet teknolojik gosterge
bulunmaktadir. Gostergelerin degerlendirilmesi ise uzmanlar
tarafindan anket yontemi ile gergeklestirilmis ve teknolojik
olgunluk seviyesini analiz etmek amaci ile ¢ok kriterli karar
verme yontemlerinden yararlanilmistir. Gokalp, Sener ve Eren
[21] literatiirde yer alan yedi farkli olgunluk modelini
incelemis ve bu modelleri uzmanlar tarafindan belirlenen yedi
kriter gergevesinde
degerlendirme sonucunda higbir modelin istenilen tim

degerlendirmislerdir. Yapilan

kriterleri  kargilayamadigi ~ goriilmiistii.  Analiz  edilen
modellere dilsel degiskenler eklenerek yeni bir olgunluk
modeli ortaya konulmustur. Yeni olusturulan modelin
isletmelere daha fazla esneklik, daha fazla kalite ve siirekli
geligim alanlarinda fayda saglayacagi diisiiniilmektedir. Cinar,
Zeeshan ve Korhan [22] isletmelerin endiistri 4.0 adaptasyon
stireclerini degerlendirmek amaci ile; dort boyut ve bes
seviyeden olusan bir olgunluk modeli ortaya koymuslardir.
Uretim  sistemlerindeki teknolojik entegrasyon skorunu
yoneticilere sunmaya olanak saglayan bu model, ayni zamanda
igletmeler igin bir yol haritas1 olusturarak isletmenin endiistri
4.0 teknolojilerine adaptasyon siirecindeki dnemli noktalarin
belirlenmesine katki saglamaktadir. Calisma sonucunda
sunulan model anket caligmasindan elde edilen verilerin
agirlikli  ortalama  yontemi ile analiz  edilmesine
dayanmaktadir. Oktay [23] gerceklestirdigi caligmada
savunma sanayi Ozelinde bir olgunluk modeli gelistirmistir.
Elde edilen model teknolojinin kullanimi, iiriin gelistirme,
insan ve ARGE kiiltiirii ile strateji ve yonetim olmak izere dort
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ana kriter {izerine kurulmus olup 17 alt kriter icermektedir.
Calisan yorumlarina dayanan degerlendirme asamasinda ise
kriterlerin agirliklarinin belirlenmesi i¢in MACBETH ydntemi
tercih edilirken, olgunluk seviyesinin hesaplanmasi icin
TOPSIS yontemi kullanilmustir. Elibal ve Ozceylan [24]
tarafindan gergeklestirilen ¢aligmada literatiirde yer alan
mevcut olgunluk modellerinin karsilastirilmasi i¢in ¢ok kriterli
karar verme yontemlerinden DEMATEL ve TOPSIS
yaklagimlarindan faydalanilmis olup, 7 ana ve 33 alt kriter
kullanilarak yapilan degerlendirme sonucunda en yiiksek
skora sahip olgunluk modeli Schumacher ve ark. [2]’nin
literatiire kazandirdig1 olgunluk modeli olarak belirlenmistir.
Gergeklestirilen literatiir arastirmasinda uygulamali ve teorik
olmak iizere cok sayida endiistri 4.0 olgunluk modeli
incelenmistir. Incelenen modeller genel olarak endiistri 4.0
teknolojilerinin ~ kullanom  ve  olgunluk  seviyesinin
belirlenmesine yonelik olsa da farkli endiistrilere, 6zel liretim
stireclerine veya spesifik teknolojilere odaklanan modeller de
bulunmaktadir.

2. Endiistri 4.0 Olgunluk Modelleri

Olgunluk modelleri; kuruluslarin hedefleri gergevesinde
ilerlemenin denetlenmesini saglayan, giicliiklerin,
zayifliklarin ve firsatlarin anlagilmasi konusunda yol gésterici
6zellige sahip, siirecleri veya organizasyonlari farkli agilardan
degerlendirmek i¢in kullanilabilecek dnemli bir tekniktir [25].
Olgunluk modelleri olusturulurken farkli ana ve alt kriterler
tanimlanmaktadir. Bu kriterler tanimlanirken, modelin
uygulanacag sektoriin baz alinmasi da modelin verimligi igin
kritiktir. Belirlenen kriterler c¢ergevesinde farkli dijital
olgunluk modellerinin gelistirilmesi; isletmenin mevcut
olgunluk veya hazirlik durumunun degerlendirilmesinde
biiyiik 6nem arz etmektedir. Elde edilen sonuglar, her bir
isletmenin gelecekteki uygulamalart igin bir alt yap1
olusturmaktadir. Zayif alanlarin belirlenmesi ve hedef seviye
ile mevcut seviye arasindaki farkin goriilmesi, gelecek icin
isletmelere bir yol haritast hazirlama imkani sunmaktadir. Ayni
zamanda olgunluk modelleri yardimi ile isletmelerin birbiri ile
kiyaslanmasi, giiniimiizdeki rekabet kosullari géz Oniine
alindiginda; stratejik planlamalar igin biiylik bir avantaj
saglamaktadir [2]. Isletmelerin sektorel ve teknolojik diizey
farkliliklart, mevcut durumlari vb. gibi farkliliklar nedeniyle,
literatiirde birgok Endiistri 4.0 hazirlik ve olgunluk modeli
bulunmaktadir. Lichtblau ve ark. [26] tarafindan 2015 yilinda
yapilmis olan IMPULS-Endiistri 4.0 Hazirlik Modeli
calismasi; isletmelerin endiistri 4.0 siirecinde istedikleri
konuma ulagmalart igin yapilacaklari belirlemelerine yardimet
olmay1 amaglamislardir. Strateji ve organizasyon, ¢alisanlar,
veri odakli hizmetler, akilli iiriinler, akilli fabrika ve akilli
operasyon olmak tizere alti boyut {izerine kurulan olgunluk
modeli, sekiz kriter icermektedir. Isletmelerin endiistri 4.0
konusundaki bilgileri, hazirliklarini ve mevcut uygulamalari
tiretime entegre etmekteki basarilarini 6lgmeyi amaglayan
model, firmalarm kendi kendilerini degerlendirmelerini temel
almaktadir. Model uygulanirken 24 sorudan olusan bir anket
caligmast yapilmakta ve degerlendiricilerden isletmelerini
degerlendirmeleri istenmektedir. Degerlendirme icin Likert
6lgegi kullanilmakta, sorulan sorular ydneticiler ile yapilan
calistaylar sonucunda belirlenmektedir. Modelin uygulanmasi
sonucunda isletmelerin hangi seviyeye dahil olduklarim
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gorebilmek admma 0 ile 5 arasinda 6 farkli seviye
tanimlanmigtir. Schumacher ve ark. [2]’nin igletmelerin
endiistri 4.0’a olan hazirlik seviyelerini belirlemek amaci ile
olusturduklari model; daha ¢ok soyut kavramlara
dayanmaktadir. Modelde olgunluk seviyesinin belirlenmesi
amact ile, dokuz boyut tanimlamustir. Liderlik, strateji, tirinler,
miisteriler, kiiltiir, operasyon, teknoloji, yonetim ve insan
olmak tizere belirlenen bu dokuz boyut alinda, 63 farkl: kriter
siralanmisti. Modelin degerlendirilmesi anket yardimi ile
gerceklestirilmis ve likert 6lgegi kullanilmigtir. Bu dogrultuda
yapilan degerlendirme sonucunda isletmenin olgunluk
seviyesi belirlenmistir. 2014 yilinda Rockwell Otomasyon
sirketinin gelistirdigi modelde, Endiistri 4.0 ’a geg¢is ilgili
organizasyonun bilgi teknolojileri bilgi altyapisi, veri besleyen
ve alan cihazlar, tiim bu bilgileri tasiyan aglar ve giivenlik
politikalar1 olmak iizere 4 boyutta degerlendirilmistir. Bu
asamadan sonra yeni bir bilgi teknolojileri organizasyonu insa
edilmistir. Gegmis donemde kullanilan ~ yapilar
degerlendirilerek uzun vadeli aksiyonlara baglanmis ve
toplanan verilerin nasil islenecegi degerlendirilerek, yeni is
akiglarinin ve sorumluluklarin belirlenmesine odaklanilmustir.
Son asamada ise; veri paylasimi yardimu ile igletme ve gevre
arasinda is birligi saglanmasi amaclanmistir (Bagli Kurumsal
Olgunluk Modeli). Leyh ve ark. [27] tarafindan ortaya konulan
modelde; 5 farkli olgunluk seviyesi bulunmaktadir. Bu
seviyeler; basit dijitallesme, departmanlar arasi dijitallesme,
dikey ve yatay dijitallesme, tamamen dijitallesme ve
optimizasyon olarak belirlenmistir. Modelde bulunan dort ana
boyut bu 5 seviye goz 6niinde bulundurularak degerlendirilme
yapilmistir (SMMI Olgunluk Modeli). Dijital olgunluk modeli
TUBITAK- BILGEM Yazilim Teknolojileri Arastirma
Enstitiisii tarafindan 2017 yilinda getirilmistir. Bu modelin
amact; kamu kurumlarinin dijital doniisiim yetkinliginin
belirlenmesidir. Daha o6nce kullanilan olgunluk modelleri
incelenmis ve bu modeller goz 6niine alinarak dijital olgunluk
modeli ortaya konulmustur. Modelin degerlendirilmesi 5
seviyeden olusan likert 6lgegi ile gergeklestirilmistir. Cinar ve
ark. [22]’nin ¢aligmalarinda ortaya koyduklari model ise; diger
olgunluk modellerinin aksine isletme igerisinde yer alan dort
farkli alanin olgunlugunu ayrt ayri 6lgmeye odaklanmustir.
Fabrika 4.0, Lojistik 4.0, Yonetim 4.0 ve Operator 4.0 olmak
iizere 4 farkli boyut iizerine kurulan model, her bir boyut i¢in
farkli degerlendirme kriterleri igermektedir. Olgunluk
modelini olusturan kriter arasinda biiyiik veri analizi, makine
6grenmesi, akilli lirlin, siber giivenlik, bulut bilisim, liderlik ve
organizasyon, inovasyon stratejileri ve dijital ikiz gibi
gliniimiizde isletmelerin uyguladiginda fark yaratabilecek
teknolojiler yer almaktadir. Model; 4 boyut, 5 seviye, 60
ikincil boyut ve 246 alt kriterden olugmaktadir.

3. Materyal ve Yontem

Calisma, beyaz esya sektoriinde faaliyet gosteren bir isletmede
yapilmis olup, buzdolabi, gamagir makinasi, bulasik makinasi
ve firin olmak tizere dort farkli alanda {iretim yapan isletmede,
tretilen driinlerin biiylik bir kismini yurt disina ihrag
edilmektedir. Dordiincii sanayi devrimi ile hayatimiza dahil
olan birgok yeni nesil teknoloji, isletme igerisindeki
proseslerde aktif olarak kullanilmaktadir. Uretilen iiriinlerin
ilk tedarik¢iden alinip, son kullaniciya kadar ulastirilmasina
kadar gegen siire igerisinde dahil olduklart tim islemlerde
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dijitallesme galismalari en iist diizeyde takip edilmektedir. Her
bir {iretim prosesinde harcanan enerji, yeni nesil teknolojiler
ile anlik olarak takip edilmekte ve dogaya en az zarar verecek
sekilde tiretim siiregleri yenilenmektedir. Caligma isletme
icerisinde yer alan c¢amasir makinast fabrikasinda
gergeklestirilmisti.  Bu  fabrikanin = segilmesinin  nedeni;
gliniimiizde biiylik bir Oneme sahip olan “bastan sona
izlenebilirlik” kavramimimn fabrika igerisinde uygulandig: ilk
boliim olmasidir. Birgok teknolojinin birlesimi ile ortaya ¢ikan
izlenebilirlik kavrami, ayn1 zamanda bu konuda uzman insan
potansiyeli de gerektirmektedir. Dolayist ile bu alanin
secilmesi ile; gelistirilen modelde yer alan fabrika 4.0, yonetim
4.0, lojistik 4.0 ve operatdr 4.0 ana boyutlar1 i¢in genis bir
degerlendirme imkani sunulmasina olanak saglamaktir.

Literatiirde yer caligmalarda; endiistri 4.0 olgunluk modeli
olusturulmasi amaci ile ¢ok sayida farkli ana ve alt farkli kriter
tanimlanmis ve bu kriterler ¢ergevesinde olusturulan modeller
bilimsel yontemler araciligiyla analiz edilmistir. Bu ¢alismada
kullanilacak olan endiistri 4.0 dijital olgunluk modelinin
olusturulmas1 asamasinda; Oncelikle genis bir literatiir
arastirmast yapilmustir. Literatlir arastirmasi sonucunda elde
edilen tim  olgunluk  modelleri  analiz  edilerek
gruplandirilmigtir.  Elde  edilen  veriler dogrultusunda
uygulamanin gerceklestirilecegi isletmenin dinamigi ve
yonetim faaliyetleri gbz Oniinde bulundurularak ana ve alt
kriterlerin se¢im iglemi isletmede goérev yapan yonetici ve
uzman pozisyonundaki 24 kisi tarafindan gergeklestirilmistir.
Degerlendirici grubu 8 endiistri miihendisi, 2 kontrol ve
otomasyon mithendisi, 8 elektrik ve elektronik miihendisi ve 6
makine mithendisinden olugmakta olup 2 ile 8 yil arasinda
tecriibeye sahiptir. Endiistri 4.0 dijital olgunluk modelinde
kullanilacak olan ana ve alt kriterlerin belirlenmesinin
ardindan igletmenin olgunluk seviyesinin tespit edilmesi i¢in
kullanilacak modelin se¢imi gergeklestirilmistir. Bu adimda
iki asamali bir degerlendirme yontemi kullanilmasi
kararlasgtirilmis ve AHP ile TOPSIS yontemleri tercih
edilmigtir. Tim bu adimlarin takip edilmesi sonucunda
modelin  genel yapist ortaya ¢ikarilmistir.  Modelin
gelistirilmesi silirecinde takip edilen tim adimlar Sekil 1.’de
verilmistir.

Calismada kullanilan endiistri 4.0 dijital olgunluk modelinin
secilmesi asamasinda; detayli bir literatiir arastirmasi
yapilmustir. Arastirma sonucunda farkli sektorlerde farkli
kriterler ve degerlendirme yontemleri kullanilarak yapilan ¢ok
sayida dijital olgunluk modeli incelenmistir. Bu dogrultuda
Lichtblau ve ark. [26] ve Schumacher ve ark. [2]’nin
olusturduklari olgunluk modelleri literatiirde en ¢ok kullanilan
iki model olarak belirlenmistir. Belirlenen modellerin
icerdikleri kriterler benzerlik gostermekte olup, daha ¢ok
teorik kavramlar tizerine odaklanilmistir. Model yapilarinda
bulunan ¢ok sayida boyut ayrmtili bir degerlendirme ortami
olusturmakla birlikte anlam karmasiklig1 yaratabilmekte ve
degerlendiriciler ~tarafindan uygulama zorlugu teskil
edebilmektedir. Bu nedenle, iki model yapist da hibrit olarak
caligmaya dahil edilmistir. Incelenen modellerin igerdigi alt
kriterler degerlendirilerek, isletme dinamigine uygun olanlar
caligmaya dahil edilmistir. Tk olarak IMPULS modeline
bakildiginda; modelde yer alan kriterler ¢ok sayida ¢alismada
referans olarak alinmstir [7,8,15]. Model temel olarak 6 kriter
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(strateji ve organizasyon, akilli fabrika, akilli islemler, akilli
iirtinler, veriye dayali hizmetler, g¢alisanlar) icermektedir.
Calisma kapsaminda olusturulan modelde; endiistri 4.0
stratejisi, organizasyon ve liderlik kriterleri alt kriter olarak ele
alinmustir.  Uygulamanin  gerceklestirilecegi beyaz esya
fabrikasinin {iretim ve yonetim siire¢lerinde ¢ok sayida
teknoloji kullanilmakta ve bu teknolojilerin birbiri ile
ortaklasa caligmasi {izerine ¢aligmalar yapilmaktadir. Dolayisi
ile literatirde en ¢ok tercih edilen kriterlerin aksine,
olusturulacak modelin her bir teknoloji ve siirecinin farkli
basliklar halinde ele alinmasi gerektigine karar verilmistir. Bu
sayede endiistri 4.0’in hangi bileseninin isletmede hangi
seviyede uygulandigi ve gelecekteki hedeflere ulagabilmek
icin hangi alana daha fazla yatirim yapilmasi gerektigine dair
¢ikarimlar yapmak miimkiin olmaktadir. Calisma kapsaminda
geligtirilen modelde kullanilacak kriterlerin se¢iminde; Ciar
ver ark. [22] tarafindan yapilan ¢alismada ortaya konulan
endiistri 4.0 olgunluk modeli ve isletme dinamikleri birlikte
degerlendirilmistir. Model igin secilen dort boyut ve bu
boyutlar altinda degerlendirilen kriterlerin se¢imi Tablo 1°de
verilmistir.

| Calisma amacinin tanimlanmasi l

1.Asama: Calisma
gerekliliklerinin
belirlenmesi

[ alisma metodolojisinin belirlenmesi |

‘ Literatiiriin incelenmesi

l Degerlendiricilerin segilmesi N
2.Asama: Modelin

geligtirilmesi

l Ana boyut ve alt kriterlerin segilmesi |

[ Anket galismalarimin uygulanmas:

AHP anket sonuglarinin toplanmast
¥

AHP adimlarmin uygulanmast |

¥
[ Agirliklarin belirlenmesi
3

‘ Tutarlilik analizinin yapilmast

3.Asama: AHP
yonteminin
uygulanmast

Tutarlilik

kontrolii
Tutarl degil

Tutarh

TOPSIS anket sonuglarmim
toplanmast

[ TOPSIS adimlannn | 4.Asama: TOPSIS

uygulanmast

| Olgunluk seviyelerinin belirlenmesi |

Sekil 1. Teknolojik olgunluk modeli gelistirme asamalart

Endiistri 4.0 olgunluk modelinde kullanilan ana ve alt
kriterlerin belirlenmesinin ardindan, modelin degerlendirme
asamasina gegilmistir. Literatiirde yer alan olgunluk
modellerinde; kriterlerin degerlendirilmesi amaci ile ¢ok
kriterli karar verme yontemlerinin kullanildig:r calismalar
oldugu goriilmiistiir [8,10,17,16,23]. Yapilan ¢alismada; dijital
olgunluk seviyesinin belirlenmesi i¢in ¢ok kriterli karar verme
yontemlerinden AHP ve TOPSIS yontemleri birlikte
kullanilmis olup, veri toplama yontemi olarak anket yardimi
ile uzman goriislerine bagvurulmustur. AHP, karar vermede
grup veya bireyin Onceliklerini dikkate alan, nitel veya nicel
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degiskenleri bir arada degerlendirebilen matematiksel bir
tekniktir AHP, probleme hem objektif hem de subjektif
diistincelerin karar siirecine dahil edilmesine imkan vermekte
olup, grup kararlar i¢in diger yontemlere gore daha uygundur.
Bu dogrultuda olgunluk modelinin degerlendirilmesinde ilk
adim olan kriter agirliklarinin belirlenmesi igin AHP yontemi
tercih edilmistir. Modeldeki tiim ana ve alt kriterlerin agirlik
degerlerinin elde edilmesinden sonra, dort ana Kkriterin
siralanmasi amaci ile TOPSIS yonteminden faydalanilmustir.
TOPSIS yontemi; her bir alternatifin ideal ¢oziime goére
kargilagtirmasina imkan tanimaktadir.

Tablo 1. Olgunluk Modeli Ana ve Alt kriterleri

Alt Kriterler

Otomasyon
Makine Ogrenmesi
Arttirllmis Gergeklik
Siber Giivenlik
Biiyiik Veri Analitigi
Bulut Bilisim
Siirdiiriilebilirlik
Teknoloji Entegrasyonu
Dijital ikiz
Karar Destek Sistemleri
Akalli Uriin
Uretim Y6netim Sistemleri
Eklemeli imalat
Arttirilmis Gergeklik
Bakim Planlama ve Zamanlama
Alt Kriterler
Veri Gorsellestirme
LOJISTIK 4.0  Depo ve Depolama
Ugtan Uca Goriiniirlik
Yalin Lojistik
Biiyiik Veri Analitigi
Alt Kriterler

14.0 Yonetim Modeli

14.0 Yatirim

Yalin Uretim Stratejisi

Strateji 4.0

Inovasyon Stratejisi

Is Birligi

Organizasyon ve Liderlik
Alt Kriterler

FABRIKA 4.0

YONETIM 4.0

OPERATOR 4.0 Bilisse} Ergonomi .
Organizasyonel Ergonomi

Fiziksel Ergonomi
Operator Becerileri
14.0 Yatirimu

Insan Kaynaklar1 4.0

3.1. AHP Yaklasim

Olusturulan olgunluk modelinde yer alan dort boyut ve bu
boyutlarin altinda bulunan tiim alt kriterlerin birbirlerine gore
6nemi AHP yontemi ile hesaplanmisti. Modelin
degerlendirme verileri; anket yontemi kullanilarak, uzman
goriislerinin alinmast ile elde edilmistir. Ana ve alt kriterlerin
birbiri ile karsilastirilmasi amaci ile; calismaya katilan 24
uzman tarafindan (kendilerine verilmis olan yonergeye gore)
hazirlanan anket formlar1 doldurulmus ve karsilagtirma
matrisleri elde edilmistir. Ardindan tiim katilimeilarin
doldurdugu matrislerdeki verilerin geometrik ortalamasi
alinarak, birlestirilmis karsilagtirma matrisi olusturulmustur.
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AHP yonteminin uygulanmas1 asamasinda; ilk olarak standart
karar matrisleri (4;;) olusturulmaktadir. Standart karar matrisi
denklem (1)’de gosterildigi gibi tanimlanmaktadr.

A1 Q12w Qip
QAz1 Qzz .. Qop 1
Aij =1 T 1zaij = ;vaij #1 (@]
Ju
Ap1 Qnz - Qpp

Yapilan ¢alismada bes adet karsilastirma matrisi elde
edilmistir. Bunlardan biri; ana boyutlarmn karsilagtirma matrisi
iken, diger dort matris diger ana boyutlar altinda bulunan alt
kriterlerin degerlendirme matrisleridir. Elde edilen bu bes
karsilagtirma matrisi ¢ok sayida uzmanin degerlendirme
matrislerindeki degerlerin geometrik ortalamalart alinarak
olusturulan birlestirilmis karsilastirma matrisleridir. Standart
karar matrisleri olusturulduktan sonra; standart karar
matrislerine normallestirme islemi yapilarak normallestirilmis
karar matrisleri (A';;) elde edilmekte ve her karar alternatifinin
agirligi hesaplanmaktadir. Denklem (2)’de gosterildigi lizere
normallestirme islemi yapilmaktadir.

r r !
a1 Ay o Qqp
ro_ a2 @ . @ o % P —
Ay = a; = s (i=123..n) (2)
o i=1 %
An1 Apz o Gan

Ayni zamanda normalize edilmis karar matrisinin her bir
satirinda yer alan degerlerin ortalamalar1 bulunarak 6z
vektorler (w) elde edilmektedir. Ozvektor matrisi denklem

(3)’te verilmistir.
1
H
w = IW3
|

SR

, w; =1 3)

|
wol

Bir 6nceki adimda elde edilen 6zvektér matrisi ile standart

n
=1
karar matrisinin ¢arpilmasi ile denklem (4)’te goriildiigii tizere

Sonraki agama; agirliklandirilmig ve normalize edilmis karar
matrislerinin (A"") olugturulmasidir (Esitlik 4).

Wil1p WiQqp .o WiQgp
Wyly, Wyly, .. Wyd,

AT=Axw=|"" e )
Wn anl Wn anz b Wn ann

Sonraki agsamada ise; tutarlilik analizini gergeklestirmek lizere
agirliklandirilmis karar matrisinin her bir 6gesi 6zvektor
matrisinde buna karsilik gelen 6geye boliinmesi ile elde edilen
degerlerin aritmetik ortalamasi alinmig ve Amax hesaplanmig

ve tutarlilik indeksi (CR)belirlenmistir (Esitlikler Sve 6).

n
(A-W)j
)l'max = ( (5)
= n.w;
Apax— M CcI
= fmax — 1 === 6
cr=="""——; CR=1, (6)

3.2. TOPSIS Yaklasimi

AHP metodunun uygulanmasi sonucunda elde edilen final
agirliklart  kullanilarak, ana kriterlerin  siralanmasinin
yapilmasi amactyla TOPSIS yo6ntemi kullanilmistir. TOPSIS
yontemi, uzmanlarin 6znel yargilari kullanilmadan nesnel
sayisal degerler lizerinden islem yapan, degiskenlere agirlik
atanmasini gerektirebilen birgok kriterli karar verme teknigidir
TOPSIS yo6nteminin uygulanmasi asamasinda problemin
amacina bagli olarak farkli Slgekler kullanilmaktadir. Yapilan
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caligmada; her bir alt kriterin endiistri 4.0 teknolojik olgunluk
diizeyinin degerlendirilmesi amaci ile dogrusal bir 6lgek (1-5
likert 6lgegi) kullanilmustir. Olusturulan olgunluk modelinde
her alt kriter, bir endiistri 4.0 teknolojisini temsil etmektedir.
Anket ¢alismasi igin olusturulan 6lgek; tablo 2’de verilmis
olup, endiistri 4.0 teknolojik olgunluk diizeyinin
hesaplanabilmesi amaci ile bes farkli seviye tanimlanmigtir.

Tablo 2. TOPSIS Yontemi Degerlendirme Seviyeleri

Olgunluk
Seviyesi

Aciklama

Seviye 1 Endiistri 4.0 teknolojisi konusunda planlama
ve ¢aligma yapilmamaktadir.

Seviye 2 Endiistri 4.0 konusunda projelendirme
caligmalar1 baglamus, pilot uygulama alani
icin degerlendirmeler yapilmaktadir.

Seviye 3 Endiistri 4.0 konusunda pilot ¢alismalar
uygulanma agamasindadir.

Seviye 4 Endiistri 4.0 teknolojileri belli boliimlerde
uygulanmaktadir.

Seviye 5 Endiistri 4.0 teknolojisi tiim boliimlerde aktif
olarak uygulanmaktadir.

Yapilan caligmanin literatiirde yer alan ¢alismalardan farki;
¢alismada metinsel anket sorular1 bulunmamaktadir. Bunun iki
nedeni bulunmaktadir. Ilki; olusturulan modelde her bir
teknoloji ayri1 kriterler olarak ele alinmis, yani literatiirdeki
caligmalarda oldugu gibi teknoloji  kriteri altinda
degerlendirilmemistir. Bir diger sebep ise; degerlendirmenin
tamamen sayilar tizerinden yapilmasidir. Sayilar iizerinden
degerlendirilmesinin nedeni ise, fabrikada y1l sonunda projeler
belirlenirken, her projenin hizmet ettigi teknoloji, plan
icerisinde belirtilmektedir. Dolayist ile yil igerisinde hangi
alanda hangi teknolojiye hizmet eden kag tane proje yapilmis
ve hangi asamada oldugu net olarak goriilebilmektedir
Buradan yola ¢ikarak her bir teknolojide bes seviye igin en
uygun olami degerlendiriciler tarafindan belirlenmistir. Dort
boyut altinda gergeklestirilen anket ¢alismasinin ardindan
TOPSIS yonteminin uygulama asamalarma gecilmistir. Ilk
olarak; dort ana boyut altinda bulunan alt kriterlerin
degerlendiriciler tarafindan 1 ile 5 arasinda puanlanmasi ile
elde edilen wverilerin, geometrik ortalamasi alinarak
agirliklandirilmis  degerlendirici kararlar1  olusturulmustur.
Ikinci adimda; pozitif ideal ve negatif ideal ¢oziimler elde
edilmistir (Esitlik 7).

Q)

r;; = Uzman degerlendirmeleri

v;; = Agirhklandinlmig uzman degerlendirmeleri

v} =1 X w; Agirhklandinlmis pozitif ideal ¢6ziim

v; =17 X w; Agirliklandirilmis negatif ideal ¢6ziim
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Son asamada olgunluk seviyelerinin belirlenmesi amaci ile
yakinlik katsayist hesaplanmistir. Her bir karar noktasinin
ideal ¢6ziime olan goreli yakinliginin hesaplamasinda,
yakinlik katsayist CC” kullanilmaktadir. Bu yakilik katsayist
0 ile 1 arasinda deger almakta ve denklem (9)’da verilen
formiil ile hesaplanmaktadir.

ccr =3 8
SIS (8)

L

4. Bulgular ve Tartisma

Beyaz egya sektorii, giiniimiizde teknolojik degisimin en hizl
ve en yogun yasandigi sektorlerin basinda gelmektedir.
Dolayisi ile kiiresel pazarda rekabet giiciinii kaybetmemek ve
tiiketici davranigi odakli tiretim gergeklestirmek amaci ile; bu
sektorde faaliyet gosteren bir¢ok firma giincel teknolojik
gelismeleri anlik olarak takip ederek iiretim sistemlerine
adapte etmek icin calismaktadir. Icerisinde bulundugumuz
hizli gelisim ve degisim donemine ayak uydurabilmek ve
isletmelerin sistematik bir adaptasyon siireci gecirebilmesi i¢in
de mevcut durumun ilk adimda net bir sekilde ortaya
konulmasi gerekmektedir. Bu ¢alismada ortaya konulan
olgunluk modelinin amact; isletmelere mevcut her bir endiistri
4.0 teknolojisi bazinda durumlarmi gostererek ulagmak
istedikleri hedef ile mevcut durumlarmi kiyaslama imkani
sunmaktir. Fabrika 4.0, yonetim 4.0, lojistik 4.0 ve operatdr
4.0 olmak tizere 4 boyut iizerine kurulan olgunluk modelinin
degerlendirmesi, isletmede aktif olarak gérev yapan uzman
kisiler tarafindan yapilmigtir. Degerlendirmeyi yapan kisiler
dijital doniigim faaliyetlerinde gorev alan elektrik ve
elektronik  miihendisi, makine miihendisi, otomasyon
mithendisi ve endiistri miihendisi alanlarindan mezun
kisilerden olusmaktadir. Modelin degerlendirme agamasinda
sirastyla AHP ve TOPSIS yontemleri ile veriler analiz edilmis
ve dort ana boyutun olgunluk seviyeleri karsilagtirilmistir.
Isletmenin endiistri 4.0 dijital olgunluk seviyesinin
belirlenmesi amaci ile ilk olarak toplam 24 katilimci tarafindan
olusturulan karsilastirma matrisleri olusturulmus ve verilerin
geometrik ortalamalar1 alinarak birlestirilmis karar matrisleri
elde edilmistir AHP yonteminin ilk asamasinda modelde
bulunan fabrika 4.0 (A1), lojistik 4.0 (A2), yonetim 4.0 (A3)
ve operator 4.0 (A4) boyutlarinin yani ana boyutlarin
birlestirilmis karsilagtirma matrisi olusturulmus ve tablo 3’te
verilmistir.

Tablo 3. Ana Boyutlarin Birlestirilmis Karar Matrisi

Al A2 A3 A4
Al 1 1,42 0,49 2,14
A2 0,71 1 0,32 2,19
A3 2,1 3,13 1 4,69
A4 0,47 0,46 0,21 1

Toplam 427 6 2,03 10,01

Standart karar matrisinin olusturulmasinin ardindan denklem
(2) uygulanmis ve normallestirilmis karar matrisi elde
edilmistir (Tablo 4).
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Tablo 4. Ana Boyutlarin Normalize Karar Matrisi

Al A2 A3 A4 Ozvektor (w)
Al 023 024 024 021 0,23
A2 0,17 0,17 016 022 0,18
A3 049 052 049 047 0,49
A4 0,11 0,08 0,11 0,10 0,10

Normalize edilmis karar matrisinin olusturulmasimnin ardindan
denklem (5)’in uygulanmasi ile tutarlilik analizi yapilmis ve
CR degeri (0,01) olarak hesaplanmig olup, 0,1’in altinda
bulundugundan tutarli oldugu sonucuna ulagilmigtir. Dort ana
boyutun karsilastirilmasi igin takip edilen tiim adimlar her bir
boyut 6zelinde alt kriterler dikkate alinarak tekrar edilmis ve
elde edilen tutarlilik sonuglari tablo 5’te verilmistir.

Tablo 5. Alt boyutlara ait AHP tutarlilik sonuglari

Boyut n Amax CcI RI CR

Al  Fabrika 4.0 15 1568 0,05 1,59 0,03 <0,1

A2 Lojistik 4.0 5 5,19 0,05 1,12 0,04 <0,

A3 Yonetim4.0 7 725 0,04 1,32 0,03 <0,

A4  Operatéor4.0 6 6,21 0,04 1,24 0,03 <0,

AHP yonteminin uygulanmasi sonucunda; elde edilen kiiresel
kriter agirliklart hem dort ana boyut hem de ana boyutlar
altinda bulunan alt kriterlerin 6nem seviyeleri hakkinda bilgi
vermektedir. ilk olarak dort ana boyutun agirliklarim
incelendiginde; 6nem seviyeleri siras1 ile yonetim 4.0, fabrika
4.0, lojistik 4.0 ve operatér 4.0 olmak {izere biiyiikten kiigiige
siralanmustir. Isletme icerisinde yapilan degerlendirmelerde
dijital doniisimiin planli bir sekilde baslamasi ve istikrarli bir
sekilde yiiriitiilebilmesi i¢in en onemli boyutun yoénetimin
destegi oldugu belirtilmis ve sonuglarda yonetim 4.0 in en
yiiksek agirliga sahip oldugu belirlenmistir. Operator 4.0
boyutu ise en az agirliga sahip olan boyut olarak
goriilmektedir. Sistem bir biitiin olarak degerlendirildiginde,
yonetim tarafindan dijitallesme adimlarinin atilmasi ile,
fabrika ve lojistik boliimlerinde dijital doniisiim faaliyetleri
baslamaktadir. Bu faaliyetlerin hiz kazanmasi ve
yayginlastirilmast igin son bilesen operatorler olmaktadir. Bu
acidan bakildiginda, operatér 4.0 kavramin dijital doéniisiimiin
hizlandiricr faktorii oldugu goriilmektedir. Fabrika 4.0 boyutu
altindaki kriterlere bakildiginda; en yiiksek agirliga sahip olan
kriterler sirastyla; {iretim-yonetim sistemleri, teknoloji
entegrasyonu, otomasyon, bakim planlama ve makine
ogrenmesi olarak goriilmektedir. Bu kriterlerin ortak noktasi
ise, hepsinin ¢ok sayida teknolojiyi ayni anda biinyelerinde
barindirmalaridir. Siirdiiriilebilirlik ise bu teknolojilerin aktif
olarak uygulanmas: ile gergeklestirilebilecek bir kriterdir. Bu
kriterleri biiylik veri ve makineden-makineye kriterleri takip

Dermenci et al. / European J. Eng. App. Sci. 6(2), 74-85, 2023

etmektedir. Bu kriterler de siirdiiriilebilirlikte oldugu gibi
otomasyon ve teknoloji entegrasyonu gibi kriterlerin
uygulanmasi ile devreye alinabilecektir. Akilli {iriin, siber
giivenlik ve karar destek sistemleri ayni agirlik seviyesine
sahip olarak bulunmustur. Bu kriterler ile ilgili
projelendirmeler, az sayida oldugundan degerlendiriciler
tarafindan 6nem seviyesi de diigiik olarak verilmistir. En az
agirliga sahip olan kriterler ise; bulut bilisim, dijital ikiz,
eklemeli imalat ve arttirilmis gerceklik olarak bulunmustur.
Bunun sebebi ise; diger kriterlere oranla isletme igerisinde ¢ok
daha az uygulama alanina sahip olmalar1 ve isletmenin gelecek
planlamalart igerisinde yiiksek Onem diizeyine sahip
olmamalaridir. Lojistik 4.0 boyutu icerisinde en yiiksek
agirliklarin, yalin lojistik ve biiyiik veri kriterlerine ait oldugu
goriilmektedir. Dijital doniisiime baslamadan Once lojistik
icerisinde  gergeklesen  faaliyetlerin  yalinlagtirilmasi
Bununla birlikte ¢ok sayida veri barmdiran i¢ ve dis lojistik
faaliyetleri icin biiyiikk veri teknolojisi de siireglerin
iyilestirilmesi ve takibi i¢in siklikla kullanilmaktadir. Biiyiik
veri teknolojisinin aktif olarak kullanilmasi ile devreye
aliabilecek bir diger teknoloji ise; ugtan uca goriiniirliik olup
biiyiik veriden sonra en yliksek agirliga sahip olan kriterdir.
Depo ve depolama ile veri gorsellestirme alt kriterleri ise;
agirlik olarak bu ti¢ kriterden sonra gelmektedir. Genel olarak
lojistik 4.0 boyutunda; yalnlastirma ve veri toplama
faaliyetlerine oncelik verilmistir. Yonetim 4.0 boyutu i¢in en
yiiksek agirliga sahip olan kriterler; 14.0 yatirim, strateji 4.0 ve
4.0 yonetim modeli olarak belirlenmistir. Yalin {iretim sistemi
ise dijitallesme faaliyetleri 6ncesinde yiiriitiilmesi gereken bir
siire¢ oldugundan lojistik 4.0 boyutunda oldugu gibi burada da
onemli bir alt kriter olarak goriilmektedir. En az agirliga sahip
olan alt kriterler ise; inovasyon, organizasyon ve liderlik ve ig
birligi olarak goriilmektedir. Bu alt kriterlerin diger yonetim
4.0 alt kriterlerine oranla daha az agirliga sahip olmasmnin
nedeni, uygulanmasi zaman alan uygulamalar olmasidir.
Operator 4.0 ana boyutunda da en yiiksek agirliga sahip olan
alt kriter 14.0 yatirim olarak goriilmektedir. Yatirim planlamast
iiretim ve yonetim siireclerinin baglangicini temsil ettiginden
dolay1, yiiksek dnem diizeyine sahiptir. Daha sonra sirasi ile
operator becerileri, fiziksel ergonomi ve insan kaynaklar1 4.0
alt kriterleri gelmektedir. Bu ii¢ kriterin ortak noktasi ise
calisan konforu ve yetenek yonetimi lizerine yogunlagmasidir.
Son olarak biligsel ergonomi ve organizasyonel ergonomi alt
kriterlerinin kiiresel agirliklarinin daha az ¢ikmasi, isletmenin
bu  konularda daha yavas aksiyon almasindan
kaynaklanmaktadir. Operatdr 4.0 boyutu degerlendirilirken
calisanlarin yetenek gelisimine ve gilivenligine daha fazla
agirlik verilmistir.

TOPSIS metodunun ilk asamasinda TOPSIS degerlendirme
anketi ile elde edilmis olan sonuglar analiz edilmistir. Bu
asamada modelde yer alan dort ana boyut igerisinde yer alan
endiistri 4.0 teknolojilerinin teknolojik olgunluk seviyelerinin
degerlendirilmesi amaci ile 1-5 arasinda puanlamaya sahip
anket c¢alismasi yapilmigtir. Dort ana boyutun anket
caligmasina farkli sayida kisiler katilmis olup bu anketlerdeki
degerlerin geometrik ortalamasi alinmustir. Fabrika 4.0 (A1)
boyutuna ait anket caligmasina yedi kisi, lojistik 4.0 (A2)
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boyutuna ait anket calismasmna 6 kisi, yonetim 4.0 (A3)
boyutuna ait anket ¢aligmasina bes kisi ve son olarak operator
4.0 (A4) boyutuna ait anket caligmasma 6 kisi katilmistir.
Katilimcilarin - ankette kullandiklar1 puanlarin  geometrik
ortalamalarinin alinmast ile dort ana boyut i¢in tablo 6, 7, 8 ve

9’da alt kriterlere iligkin uzman goriisleri verilmistir.

Tablo 6. Uzman Goriisleri (A1 Boyutu Alt Kriterleri)

Alt Kriterler Degerlendirme
Puanlan
Al.l Otomasyon 3,54
Al2 Biiyiik Veri Analitigi 3,50
Al3 Bulut Bilisim 4,54
Al4 Bakim Planlama ve 4,26
Zamanlama
Al5 Karar Destek Sistemleri 3,13
Al.6 Makine Ogrenmesi 3,54
Al.7 Siber Glivenlik 4,13
Al.8 Dijital Tkiz 2,12
Al.9 Siirdiiriilebilirlik 3,54
Al.10 Eklemeli imalat 2,00
Al.11 Teknoloji Entegrasyonu 3,54
Al.12 Arttirilmig Gergeklik 2,25
Al1.13 Akill Uriin 3,39
Al.14  Uretim Yonetim Sistemi 3,39
Al.15 Makineden Makineye 2,38

Tablo 7. Uzman Goériisleri (A2 Boyutu Alt Kriterleri)

Alt Kriterler Degerlendirme
Puanlar
A2.1 Veri Gorsellestirme 3,81
A2.2  Ugtan Uca Goriiniirliik 3,46
A2.3 Biiyiik Veri Analitigi 3,30
A24 Yalin Lojistik 3,63
A2.5 Depo ve Depolama 3,30

Tablo 8. Uzman Goériisleri (A3 Boyutu Alt Kriterleri)

Alt Kriterler Degerlendirme
Puanlar
A3.1 14.0 Yonetim Modeli 4,18
A3.2 Is birligi 3,57
A3.3 14.0 Yatirnm 5,00
A34 Inovasyon Stratejisi 4,57
A3S Organizasyon ve 4,18
Liderlik
A3.6 Strateji 4.0 4,37
A3.7 Yalin Uretim Sistemi 3,37
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Tablo 9. Uzman Gériisleri (A4 Boyutu Alt Kriterleri)

Alt Kriterler Degerlendirme
Puanlan
A4.1 Bilissel Ergonomi 2,45
A4.2 14.0 Yatirimi 4,15
A43 Operatdr Becerileri 3,15
A4.4 Organizasyonel Ergonomi 2,62
A4.5 Fiziksel Ergonomi 3,30
A4.6 Insan Kaynaklar1 4.0 3,46

Agirlikli uzman goriislerinin belirlenmesinin ardindan, ideal
¢oziime gore yakinlik katsayilarini hesaplayabilmek igin
oncelikle pozitif ideal ve negatif ideal ¢dzlim degerlerine olan
uzakliklarin hesaplanmasi gerekmektedir. Ugiincii asamada alt
kriterlerin agirliklandirilmis pozitif ideal ve negatif ideal
puanlarini belirlemek i¢in pozitif ideal (5) ve negatif ideal (1)
puanlar kullanilmistir. Alt kriterlerin pozitif ideal ve negatif
ideal puanlarmin belirlenmesinin ardindan her bir kriterin
pozitif ve negatif ideal puanlar1 ile kiiresel agirliklart
carpilarak, agirliklandirilmis pozitif ve negatif ideal puanlari
hesaplanmigtir. DOrt ana boyutun olgunluk seviyesi
belirlenmek amaciyla; pozitif ideal ¢oziime uzaklik (S*) ve
negatif ideal ¢6ziime uzaklik (S-) hesaplanmistir (Tablo 10).

Tablo 10. Alt Kriterlerin Pozitif Ideal ve Negatif Ideal
Coztimlere Uzaklig1

Ana Kriterler Pozitif Ideal Negatif Ideal
Coziime Coziime
Uzakhk Uzakhk
Al Fabrika 4.0 0,106 0,176
A2 Lojistik 4.0 0,674 0,761
A3 Yonetim 4.0 0,151 0,705
A4 Operator 4.0 0,0748 0,123

Pozitif ve negatif ¢oziimlere olan uzakliklarin 6l¢iilmesinden
sonra, dort ana boyut i¢in hesaplanan yakinlik katsayilari, yani
endiistri 4.0 teknolojik olgunluk seviyeleri hesaplanmis ve
Tablo 11°de verilmistir.

Tablo 11. Endiistri 4.0 Teknolojik Olgunluk Seviyeleri

Ana Kriterler Endiistri 4.0 Teknolojik

Olgunluk Seviyesi
Al Fabrika 4.0 0,624
A2 Lojistik 4.0 0,530
A3 Yo6netim 4.0 0,824
A4 Operatér 4.0 0,622

AHP ve TOPSIS metotlarinin uygulanmasi ile elde edilen
sonuglara bakildiginda; dort boyutun olgunluk seviyeleri
biiyiikten kiiglige; yonetim 4.0, fabrika 4.0, lojistik 4.0 ve
operator 4.0 olarak belirlenmistir. Modelde en yiiksek
olgunluk seviyesine sahip olan boyutun yonetim 4.0 oldugu
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goriilmektedir. Yonetim 4.0 ayn1 zamanda AHP y6nteminin
uygulanmasi ile en yiiksek agirliga sahip olan boyut olarak
bulunmustur. Ayni zamanda yonetim 4.0’m ilk sirada yer
almasi isletmedeki dijitallesme siirecinin gelisimi agisindan
6nemlidir. Yonetimin hem tiiretime hem de calisanlara yatirim
yapma konusundaki istekliligi ve yol haritasindaki planl
ilerlemesi, endiistri 4.0 siirecinde emin adimlarla ilerledigini
gostermektedir. Fabrika 4.0 boyutu ise; i¢erisinde ¢ok fazla alt
kriter bulundurmasina ragmen bu kriterlerde yer alan
teknolojilerin planli ve istikrarli bir sekilde uygulanmasina
bagli olarak ikinci sirada yer almaktadir. Lojistik 4.0’in
kapsadig alt kriterlerin uygulamaya alinabilmesi i¢in fabrika
4.0 teknolojilerinin biiyiik Ol¢lide uygulanabiliyor olmasi
gerekmektedir. Dolayist ile lojistik 4.0 boyutu siralamada
igiincii sirada yer almakta ve alt kriterlerinde yer alan
teknolojilerin uygulanmaya almnmast daha fazla zaman
gerektirmektedir. Son sirada ise operatdr 4.0 boyutu yer
almaktadir. Bunun temel sebebinin hizla gelisen teknolojiye
calisanlarin adaptasyon ve egitim siireclerinin daha uzun
stirmesi oldugu disiiniilmektedir. Dolayis1 ile bu agidan
bakildiginda operatér 4.0 gelistirilmeye en fazla ihtiyag
duyulan boliimii olusturmaktadir.

5. Sonuc ve Oneriler

Cikan sonug dogrultusunda dijital doniisiim i¢in bir yol haritas1
olusturulmasi amaci ile gergeklestirilmigti. Modelde
kullanilan dort boyut Cinar vd. (2021)’in ¢alismasi ve isletme
dinamikleri birlikte degerlendirilerek belirlenmis olup, fabrika
4.0, lojistik 4.0, yonetim 4.0 ve operatdr 4.0 olarak secilmistir.
Kriterlerin se¢im agamasindan Once literatiirde yer alan
olgunluk modeli ¢alismalarinda kullanilan ana ve alt kriterler
tim degerlendiriciler tarafindan incelenmis ve modelde yer
alacak kriterler isletmenin dinamiklerine ve ydnetim
stireclerine uygun olarak seg¢ilmistir. Modelin degerlendirme
yontemi olarak iki agamali bir siire¢ belirlenmistir. Literatiirde
de siklikla kullanilan ¢ok kriterli karar verme yontemlerinden
AHP ve TOPSIS yaklagimlarinin biitiinlesik kullanimi tercih
edilmistir. Degerlendirme asamasinda kullanilan verilerin
toplanmasi, iki ayr1 anket yardimi ile gergeklestirilmistir.
Oncelikle AHP metodu ile ana boyutlarin ve alt kriterlerin
kiiresel agirliklart belirlenmis, ardinda TOPSIS metodu ile
dort ana boyutun (fabrika 4.0, lojistik 4.0, yonetim 4.0 ve
operatér 4.0) olgunluk seviyeleri hesaplanmistir. Modelin
sonuglar incelendiginde; en yliksek olgunluk seviyesine sahip
boyutlar sirasiyla; yonetim 4.0, fabrika 4.0, lojistik 4.0 ve
operator 4.0 olarak belirlenmigtir. Yonetim 4.0 boyutunun en
yiiksek olgunluga sahip olmasi dijital doniisiim siirecinde iist
yoOnetimin ve yonetici konumda c¢alisan Kkisilerin siireci
sahiplendigini ve bunun diger ¢alisanlar tarafindan
kavrandigmi ifade etmektedir. Siralamada ikinci olarak yer
alan fabrika 4.0 boyutu ise bir¢ok teknolojiyi biinyesinde
barindirmakta olup, dijitallesme faaliyetlerinin en yogun
olarak gergeklestirildigi alami temsil etmektedir. Icerdigi alt
kriterlerin genel ortalamasina bakildigindan ise endiistri 4.0
teknolojilerinin genellikle pilot ¢alisma ve iistii seviyede
konumlandig1 goriilmektedir. Olgunluk siralamasinda iigiincii
sirada yer alan lojistik 4.0 boyutu ise dijital doniisiim
faaliyetlerinin lojistik departmaninda hangi seviyede
yiriitiildigiinii ifade etmektedir. Lojistik 4.0’n fabrika 4.0’1n
alt sirasinda yer almasinin sebebi ise lojistik boliimii icerisinde
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gerceklestirilecek olan ¢aligmalarin  fabrika igerisindeki
caligmalar ile baglantili olmasindan kaynaklanmaktadir. Son
olarak operator 4.0’a bakildiginda olgunluk siralamasinda son
sirada yer almaktadir. Bunun sebebi ise dnceligin teknoloji
entegrasyonunu saglamak amaci ile fabrika ve lojistik
boliimlerine verilmesidir. Modelin ¢iktilari, mevcut durumun
analizi i¢in iyi bir goOsterge olusturmaktadir. Yapilan
caligmanin; igerdigi dort farkli boyut ve altinda yer alan
kriterler ile daha sonraki calismalara yol gdsterici olmasi
amaglanmaktadir. Hem endiistri 4.0 teknolojilerinin hem de
teorik kriterlerin birlesimi ile olusturulmus model literatiirde
bu kapsamda farklilik yaratmaktadir.

Olusturulan modelin  farkli sektorlerde kullanilmasinda
kisitlayict etkenler bulunmamaktadir. Modelde bulunan dort
ana boyut ve altinda bulunan alt kriterler uygulamanin
yapilacagi isletmenin dinamiklerine ve dijitallesme seviyesine
gore revize edilebilmektedir. Sonug olarak gelistirilen modelin
farkli isletme dinamikleri &zelinde tekrar dizayn edilip
uygulanmasi ile; sirketlere mevcut dijital doniigiim siireglerini
analiz etme ve gelecekte sahip olmak istedikleri konum ile
kiyaslama imkani sunulmaktadir.
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Abstract: In this article, oil production facilities and refineries are essentially the facilities where the most chemical processes are
carried out and pollution is high. While oil is obtained in these facilities, the pollutants mixed with the water containing the oil are of
great importance. While these waters contaminated during the production of petroleum and petroleum products are discharged to the
receiving environment through different channels and collectors, this situation can cause serious problems in channels and collectors.
Studies are carried out to prevent the pollution in these waters contaminated with oil and its derivatives from damaging the system. It
is aimed to reveal the advantages and disadvantages of the newly designed soft layer oil trap, which is different from the previously
used ones, by performing experimental studies for the application. The description of the new design of the thin layer oil trap and the
results of production tests at different operating flow rates in the inter-plate gap are presented. As a result of the experiments and
analytical evaluations, the new system is found to be very successful in oil refining. Its advantages over existing horizontal oil traps
are proved. A detailed analysis of available patent materials and information in technical literature shows that it is possible to create a
more complete and compact construction of thin mud oil tanks. The facility created by us differs from other similar ones due to its
compactness, simplicity of operation and higher cleaning efficiency. The device received invention patents of the Republic of
Azerbaijan.

Keywords Hydrocarbons, Industrial plants, Mechanical particles, Oil refinery, Oil trap, Processed water, Thin layer, , Water treatment
plant.

Ince Katmanh Yag Tuzaklarinda Yag iceren Endiistriyel Atik Sularin Aritilmasi

Oz Bu makale, petrol iiretiminin gerceklestirildigi tesisler ve rafineriler esasen en fazla kimyasal islemin yapildig1 ve kirliligin yiiksek
oldugu tesislerdir. Bu tesislerde petrol elde edilirken, petroliin igerdigi suya karigan kirlilikler biiyiik 6nem tasimaktadir. Petrol ve petrol
iiriinlerinin iiretimi sirasinda kirlenen bu sular farkli kanal ve kolektdrler vasitasiyla alict ortama desarj edilirken bu durum kanal ve
kolektorlerde ciddi sorunlara yol agabilmektedir. Petrol ve tiirevleri ile kirlenen bu sulardaki kirliliklerin sisteme zarar vermemesi igin
caligmalar yiiriitilmektedir. Daha 6nce kullanilanlardan farkli olarak yeni tasarlanan yumusak tabakali yag tutucunun uygulamaya
yonelik deneysel galismalar yapilarak avantaj ve dezavantajlarmin ortaya konulmasi amaglanmaktadir. Ince tabaka yag tutucunun yeni
tasariminin tanimi ve plakalar arast boslukta farkli ¢aligma debilerinde iiretim testlerinin sonuglari sunulmustur. Yapilan deneyler ve
analitik degerlendirmeler sonucunda yeni sistemin petrol rafinasyonunda oldukg¢a bagarili oldugu ortaya ¢ikmistir. Mevcut yatay yag
tutuculara gére avantajlari kanitlanmistir.

Anahtar kelimeler: Petrol rafinerisi, I;slenmz;s su, Ince tabaka, Endiistriyel tesisler, Su aritma tesisi, Yag tutucu, Mekanik partikiiller,
Hidrokarbonlar.
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1. Introduction

Oil refineries and petrochemical plants are are among the most
water-intensive industrial plants. In these plants, water is
mainly used for cooling production products and process
equipment. The water used at such production sites is usually
contaminated with oil and petroleum products. In refinery
production water, oil products are 3-5 g/, mechanical
impurities are up to 100-500 g/1[1]. To purify water from these
impurities, devices called oil traps are used at operating
industrial plants. The oil traps used in production are
horizontal sedimentation tanks, rectangular in plan, 36 m long,
6 m wide and 2 m deep (at the beginning) to 1.2 m deep (at the
end). The capacity of such sedimentation tanks is 198 m>/hour,
and the water to be treated must remain in it for 2 hours [2].
Operational experience shows that only 90-95% of oil and oil
products are trapped in treated produced water [3]. According
to A. V. Ponomarev and other authors [2], the amount of
petroleum products in treated water in active oil traps
operating at CIS refineries ranges from 50-450 mg/1. However,
according to current regulations this amount should not exceed
100 mg/1. In order to improve the purification efficiency of oil
traps, improvements are required in their design. From this
point of view, it is more appropriate to treat oil-containing
production water in oil traps equipped with thin-layer blocks.
At present, there are various designs of such oil traps [4], and
each of them has one or another shortcoming. The thin-layer
oil trap proposed by the authors [5] is superior to others in
terms of its purification efficiency and takes up less production
space. The distinctive feature of this oil trap is the combined
treatment of water in the thin-layered blocks housed in its
casing, using the countercurrent and direct-flow principles.
The process flowchart of the device is shown in Figure 1.

2. The Purpose of This Study

Azerbaijan is a major oil producer. Serious environmental
pollution occurs in oil production areas, wells, oil refineries
and other production facilities. It is aimed to separate the
mixture of crude oil derivatives, other petroleum ingredients
and water in the best possible way without causing
environmental pollution and to purify contaminated crude oil
wastewater. For this purpose;

It is aimed to reveal the advantages and disadvantages of the
newly designed gentle layer grease trap, which is designed
differently from the previously used ones, by carrying out
experimental studies for application.

2.1. Scope and Hypothesis:

This new design (gentle layer grease trap), with its
experimental results for application, is aimed to be directly
implemented in many places in the country if these results are
advantageous. In the area between the plates of the system and
at different flow rates; Efficiency tests were carried out and the
system was examined based on collapse and floating.

This study was carried out in the "central laboratory of Neft
Union" in the area where crude oil production takes place. The
unit is concentrated in thin muddy blocks with high and low
currents. The water injection depth in the blocks was 100 mm,
the working flow distance between the plates was 1000 mm,
the total length was 1880 mm, the width was 200 mm, and the
height was 1620 mm. The blocks are placed in 600-grain gold,
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which allows the compacted silt to slide continuously along
the surface of the racks forming the blocks and remove them
to the silt collection zone, eliminating the need for frequent
washing. Flowing in several directions lengthens its path and
creates conditions for increasing the degree of water
purification.

2.2. Hypothesis:

Test samples for analysis were taken from pipes equipped with
special valves placed at the entrance and exit of the facility to
sterilized glass jars. The analyzes were carried out on the day
of sampling. During the study, the amount of oil and oil
products in the production water supplied to the water tank was
275-860 mg/l, and the amount of mechanical impurities was
48-150 mg/1.

3. Experimental and Application Studies Conducted
3.1. System and Experimental Application

The treated production water, containing oil, oil products and
mechanical mixtures, is fed into trough 2 with pipe 1. As the
trough has 20 mm diameter holes arranged in a staggered
pattern it ensure even distribution of the treated water over the
cross-sectional area of the primary rinsing chamber (3). The
water is guided down the chamber and into a thin layered block
(4) positioned at an angle of 60° to the horizontal. In this case,
the coarse oil and petroleum products separate from the water
and float to the surface of the flow, where they are collected
and discharged into trough 5. Water, together with relatively
low-dispersed oil and petroleum products, enters the channels
between the plates of the block.

The distance between the plates in the block is 100 mm.
Moving upwards in the channels between the plates, the low-
dispersed oil and petroleum products in the water float to the
upper shelves and rise in the same direction as the flow,
accumulate on the water surface in chamber 6 and then pour
out into trough 5. The heavier mechanical particles settle on
the surface of the lower shelf; slide in the opposite direction to
the flow and accumulate on depression 9. The water enters
block 7 and is routed to the bottom of the final rinsing chamber
(8). In this case, the low-dispersed oil and petroleum products,
separated from the water, are directed against the flow and
accumulate on the water surface in chamber 6 and then
discharged into trough 5. Heavy mechanical particles settle on
the surface of the bottom shelf, slide in the flow direction and
accumulate on depression 9. The sludge accumulated in the
depressions is periodically removed through pipes 10 and 11.
While the water from the block in the final rinsing chamber
moves from the bottom upwards, the remaining oil and
petroleum product particles are separated and accumulate on
the water surface and flow into trough 12 and from there into
the separator chamber (13).
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Section B-B

4 7 Viewd - 4

A
Figure 1. Process flowchart of a thin-layer oil trap.

In order to prevent the separated product from being re-mixed
with the treated water in the final rinsing chamber, a baffle (14)
is installed parallel to block 7. The treated water is discharged
from the device via pipe 15.

The water separated from the oil and petroleum products
temporarily accumulated in the separator chamber is removed
through pipe 16 located in the lower part of the chamber, and
the dewatered oil and petroleum products through pipe 17.

The multi-directional flow reversal in the device lengthens the
flow path and increases the efficiency of the water treatment.

The oil droplets in the inter-plate channels are subject to two
main forces: hydrodynamic forces tending to remove the
droplets from the rinsing area and gravitational forces guiding
them towards the upper channel plate. These forces determine
the trajectory of the oil droplets in the inter-plate channels.

The threshold hydraulic size of oil droplets trapped in the
channels varies with the flow rate and is calculated according
to formulae (1) for counter-flow blocks and (2) for straight-
flow blocks [7]:

Table 1. Treated water results of thin layerm oil trap
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u=(v-h)/(L+h-sina) (1)
u=(v-h)/(L-h-sina) (2)

In the formulas, v is the velocity of the working flow in the
inter-plate channels, m/s; h is the vertical distance between the
plates, m; L is the channel length, m; a is the angle formed by
the channel with the horizon.

The dependence of the hydraulic size of the smallest oil
droplets that can be trapped in the device on the flow rate in
the channel is shown in Figure 2.

Countercurrent blocks

Straight current blocks

5 6 7 8 9

Movement speed of the current in the channel. mm/sec

Hydraulic size of oil drops. mm
o
~

w
P

Figure 2. Flow rate in the channel

The graphs in Figure 2 show that oil droplets with a smaller
hydraulic size are trapped by straight-flow blocks with parallel
plates. The positioning of the two blocks - straight and counter
flow - makes it possible to free the water from coarse and fine
oil droplets more quickly.

The device was tested at Azerneftyag Production Union. The
studies were conducted at different work flow rates in the
space between the block plates.

3.2. Analysis of Experimental Studies

According to analyses conducted by the Union's central
laboratory, the amount of oil and petroleum products in the
treated production water was 147-374 mg/1, and the amount of
mechanical impurities was 133-165 mg/1.

Flow rate in the Device Quantity of mechanical impurities, mg/l Quantity of hydrocarbons,mg/I
lcr}l:rrl;lilfs t’em m/s {)/?ductwlty, At the input On the output Average At the input On the output Average
25 30
164 17 21.0 374 18 24.0
147 26 20.0 256 28 23.5
14 19
3.0 432 N 27
144 . 17.5 261 30 23.5
19 30
137 13 16.0 368 17 23.5
31 30
135 23 27.0 363 18 24.0
133 21 16.5 250 24 21.0
12 18
4.0 576 N 20
141 15 19.5 191 12 16.0
21 27
143 18 19.5 182 18 22.5
18 22
133 1 15.0 171 18 20.0
137 20 18.0 189 20 17.0
16 14
5.0 720 21 %
158 13 17.0 147 15 20.5
21 25
165 10 15.5 197 13 21.5
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The efficiency of the device was investigated at working flow
rates of 3-5 mm/s in the inter-plate channels. For the analysis
of the treated water, samples were taken 15 and 30 minutes
after the start-up of the device and its complete filling of the
working volume. Some of the results obtained are shown in the
Table above.

The results in the Table 1 show that the residual concentrations
of oil products and mechanical impurities in the samples taken
after the first 15 minutes at different concentrations of oil, oil
products and mechanical impurities in the water to be treated
and at different working flow rates in the channels, do not
differ significantly. Residual quantity for oil and petroleum
products is 29-40 mg/l, for mechanical impurities is 24-40
mg/l. In the samples taken within the second 15 minutes, the
residual quantity of both contaminants is significantly reduced
and the optimum mode of operation of the device has been

resistance, which is reflected in an increase in purification
efficiency and in the thickness of the oil film formed on the
flow surface in the channel.

Fig. 3 shows the dependence of the thickness of the oil film

3
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established. The residual
contaminants in the samples taken after this period is virtually
the same as the residual quantity in the samples taken after 1.5
hours.

quantity of the specified

A variation in the working flow in the inter-plate space within
3-5 mm/sec has no tangible effect on the efficiency of the
water treatment. Changes in water temperature prove to be a
more active factor in this process. Thus, after treatment with a
water temperature of 16°C and a hydrocarbon content of 144
mg/l, the residual hydrocarbons are 40 mg/l, while at a water
temperature of 25°C the residual quantity is reduced to 20
mg/l. This can be explained by the effect of changes in water
temperature on water density, i.e. on increasing or decreasing
the resistance of oil and petroleum product particles to float to
the water surface. An increase in water temperature results in
a reduction of the dynamic viscosity coefficient as well as the

formed on the flow surface in channels in blocks on the
dynamic viscosity coefficient [7]. The graphs show that the
block of both types, placed in the device, is very much
involved in water purification.

g 25 C ountercurrent blocks
=
£ =
=
2 1,5
5w} Straight cuarent blocks
= 1
8
2 o0s
o M M 3 3 5 e e * 2

- T -

0,13 0,38 063 0,88

1,13 1,38

Dynaimic viscosity

Figure 3. Dependence of the thickness of the oil film water treatment

The productivity of a tested oil trap depends on the number of
channels and the width of the block, in addition to the working
flow rate in the channels in the blocks. Changing these
geometric parameters can give the desired productivity with

1,65 1.88 2,13 2,38

the same water treatment efficiency. The dependence of the
productivity of devices with the number of parallel plates in
blocks of 5,10 and 15 units on the width of the device for
different flow rates in the channels is shown in Figure 4.
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Figure 4. Variation of device productivity with number of channels in the block: a-5, b-10 and c-15 depending on the rate of working

flow in the inter-plate channels.
4. Results and Conclusion

The graphs in the Figure 4 show that increasing the number of
plates and the channel width from 0.2 m to 1.5 m can increase
the productivity of the device by up to 6.5-7.5 times. This
possibility is not the final limit. By increasing the number of
parallel plates in the block, the capacity can be increased to
desired limit.

Increasing the number of channels in the blocks increases the
total length of the device by 0.07 - 0.1 m, which is practically
negligible in terms of production area occupied.

Compared to existing oil traps, the advantages of the proposed
device are that it can be made directly in the production
facilities, it is inexpensive, easy to operate, requires no energy
or chemical reagent consumption, and has a high purification
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efficiency. The device can be applied to purify oil-containing
production waters of industrial plants, as well as wastewater
generated in oil fields from oil, oil products and mechanical
impurities.

Efficiency tests of the new designed grease trap, which is
thought to be more efficient and advantageous than the
previously designed and used systems (existing horizontal
grease traps), were carried out and it was tried to reveal
whether the results support our hypothesis. As a result of the
experiments and analytical evaluations, it has been revealed
that the new system is quite successful in oil refining.
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Abstract: Power cables are one of the important parts of electrical power systems. It is important to know the materials that make up
the cable or what the life of the cable will be at a given temperature. Therefore, aging tests are performed for the materials used in the
cables. One of these tests is the thermal endurance test of the cable. The curve fitting process is performed to the data obtained as a
result of this test and the temperature value (the temperature index) corresponding to the 20000-hour life of the cable is found.
Automating the process of curve-fitting and finding the temperature index will be useful for companies or research centers that perform
this test. Instead of expensive programs such as Matlab or Mathematica, the easy-to-use and accessible Excel program is a very
economical and useful solution to evaluate these test results. In this study, the thermal endurance test was briefly described and a
spreadsheet was prepared in Excel to evaluate the results of this test. Using the data taken from the measurements made for the EPR
material, it has been checked that the spreadsheet works correctly. Such a spreadsheet can be easily used in cable factories to evaluate
thermal endurance test results.

Keywords: Thermal Endurance Test, Cables, Curve Fitting, Excel Spreadsheet

Isil Dayamim Test Raporu i¢in Bir Excel Elektronik Tablosunun Kullanim

Oz.- Giig kablolari elektriksel giic sistemlerinin 6nemli pargalarindan birisidir. Kabloyu olusturan malzemelerin ya da kablonun hangi
sicaklikta dmriiniinne olacaginin bilinmesi énemlidir. Bundan dolay1 kablolarda kullanilan malzemeler igin yaslandirma testleri yapilir.
Bu testlerden biri kablonun termal dayanim testidir. Bu test sonucunda elde edilen dataya egri uydurma iglemi yapilarak kablonun
20000 saatlik dmre karsilik gelen sicaklik degeri (sicaklik indeksi) bulunur. Bu egri uydurma ve sicaklik indeksini bulma isleminin
otomatize edilmesi bu testi yapan firmalar veya arastirma merkezleri i¢in faydali olacaktir. Matlab veya Mathematica gibi pahali
programlar yerine kullanimi ve erisimi kolay Excel programinin bu test sonuglarini degerlendirmek igin kullanimi olduk¢a ekonomik
ve faydali bir ¢éziimdiir. Bu ¢alismada termal dayanim testi kisaca anlatilmig ve bu testin sonug¢larini degerlendirmek i¢in Excel’de bir
elektronik tablo hazirlanmistir. EPR malzemesi igin yapilan 6l¢iimlerden alinan data kullanilarak programin dogru bir sekilde galigtigi
gosterilmistir. Boyle bir elektronik tablo kablo fabrikalarinda termal dayanim sonuglarin1 degerlendirmek i¢in kolaylikla kullanilabilir.

Anahtar Kelimeler—Is:l Dayanim Testi, Kablolar, Egri Uydurma, Excel Elektronik Tablosu

1. Introduction aging when exposed to the thermal, electrical, environmental,
and mechanical stresses experienced under heavy operating
conditions [3-5]. The insulation performance of aged cables
decreases considerably [6]. That’s why insulation aging is an

Power cables are commonly used for electrical power
transmission [1, 2]. The cable insulations are susceptible to
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important issue enough to use the leakage current for its
evaluation [7] or radio frequency signals for diagnosis of its
location [8]. A review of the aging of extruded dielectric cables
is presented in [9]. Aging Models for Electrical Insulation in
Power Cables are given in [10, 11]. The aim of the tests is to
predict the lifetime of electrical cables operating at elevated
temperatures by applying the Arrhenius aging model on
thermally aged samples [12]. One of the test properties used
for thermal aging tests is the “Elongation at break test” based
on two reference standards [13, 14]. The endpoint of the test
property can be chosen as 50 % Elongation at break. Arrhenius
equation is an exponential function and the least squares
method is used to evaluate the test results or to find the
parameters of the equation [4, 12]. It is time-consuming to use
the least squares method by hand. It is important to automatize
such test results. Although programs such as Matlab or
Mathematica can be used for the evaluation of the results, they
may be expensive for companies in developing countries.
Microsoft Excel, part of the Microsoft Office suite, is a popular
electronic spreadsheet program that provides a wide range of
features for data manipulation, analysis, and visualization.
Excel is widely used in business, finance, engineering,
education, and many other fields due to its versatility and
powerful features. Proficiency in Excel is considered a
valuable skill in the workplace. The use of linear algebra in
Excel provides various advantages and conveniences, making
it a powerful tool for mathematical and analytical tasks. Excel
simplifies matrix operations, which form the basis of linear
algebra. You can perform matrix multiplication, find the
inverse of a matrix, and easily manipulate matrices using built-
in functions. Linear algebra is essential for solving systems of
linear equations, and Excel provides functions and tools that
efficiently solve a system of equations. An Excel spreadsheet
is a grid of cells organized into rows and columns, where each
cell can contain text, numbers, or formulas. Many engineering
and social science problems are solved using writing macros
or Excel spreadsheets [15-20]. A power-system analysis has
been made with Impedances using spreadsheets [21]. It is
shown that a commonly available spreadsheet package is
usable to solve a three-dimensional heat flow problem for
underground cable rating [22]. To the best of our knowledge,
a spreadsheet has not been used to evaluate the aging test
results. In this study, an Excel spreadsheet is used to calculate
the parameters of the Arrhenius equation using experimental
aging data.

The paper is arranged as follows. In the second section, the
thermal endurance test is briefly described. In the third section,
an Excel spreadsheet is prepared to calculate the parameters of
the thermal endurance test. The paper is concluded with the
conclusion section.

2. Brief Introduction to Thermal Endurance Test
and Calculation of the Temperature Index

2.1 Thermal Endurance Test

The experimental procedure of the thermal endurance test is
briefly explained in [12]. The flowchart of the test procedure
is given in Figure 1. Some results of thermal endurance tests
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performed on samples of EPR (ethylene-propylene rubber)
cables are presented in [23, 24]. However, the endpoint of the
test property for Extruded EPR Insulation Material is chosen
as 50 % Elongation at break in this study. The properties are

monitored under standard IEC 60216-2 [12].

Selection of the

Start

type of materials
used in thermal

I

Determination of
» the number of

ageing.

Determination of
the ageing
temperature levels
(160, 150, 135 and
125°%)

test specimens

Cutting and
preparing the dump-
bell test pieces

/

Selection of the
“Elongation at
Break” as the test
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elongation at
break” as the
endpoint of this
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temperature level

Waiting to reach

the time to
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Removal of 5 test specimens
together for testing
“Elongation at Break” as a
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test properity

Record the ageing
time at the specific
temperature level

Draw the
Arrhenius graph
using the data
points of againg
time and
temperature

l

Perform the
extrapolation for the
regression straight line
to estimate the XLPE
cable lifetime

Figure 1. The experimental process flowchart [12].

The exposure temperatures and their duration are chosen
according to standard IEC 60216-1 [12]. Dumb-bell test pieces
are prepared with dimensions according to Standard IEC
60811-501 as seen in Figure 2 [25].

12,5

1 25 12,5

Figure 2. Dimensions of the Dumb-bell test pieces prepared
according to Standard IEC 60811-501 [25]

The cutting of the dumb-bell pieces is shown in Figure 3. The
prepared samples can be seen in Figure 4.
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Figure 3. The cutting of thetest  Figure 4. The pieces cut.
pieces.

The aging oven is shown in Figure 5. The dumb-bell pieces are
inserted and suspended in the aging ovens as shown in Figure
6. At least three different exposure temperatures should be
chosen with at least 10 °C intervals between temperatures.
After the thermal exposure, a photo of the aged pieces is shown
in Figure 7.

Figure 5. The drying oven used for the thermal endurance test

Figure 6. Placing and Suspension of the EPR test pieces inside

the ageing oven.
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‘

Figure 7. The aged and unaged samples.

Mechanical tensile testing was performed according to
international standard IEC 60811-501 [25] at room
temperature using a Zwick/Roell Z010 10kN ProLine machine
and a photo taken during an elongation at break test is shown
in Figure 8. After the test, the broken EPR samples can be seen
in Figure 9. The exposure temperatures and the average Time
to end-point values for the temperatures obtained with the
thermal endurance test to draw the Arrhenius plot are given in
Table 1.

Figure 8. The elongation at break test with a Zwick/Roell Z010
10kN ProLine 739384.

Figure 9. A broken dumb-bell test piece after elongation at
break test.
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Tablo 1. Test Results

Temperature

165 °C
Exposure

140 °C 115°C

Time to end-
point in hours
corresponding
to an
elongation of
less than 50%
Elongation at
break

255 1800 5308

2.2 Calculation of the Temperature Index
The thermodynamic variable is the reciprocal of the absolute
temperature:

1
X = 2731540, @

Logarithm of Time to end-point in hours corresponding to an
elongation of less than 50% Elongation at break is assumed to
be dependent on the thermodynamic variable as

In(t) =bx+a (2)
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The parameters of Eq. (2) can be obtained using the least
squares method. The tangent and the vertical intercept of Eq.
(3), respectively, are given as

n 3 xiyi- (e, x0) (T, vi)

b= T T 3
n Y k-8 xq)? ©)
and
(Zfl:il yi) E-nzil X?—(Zl‘l Xi) 221 XiYi
a — 1 ln- ln- 1 4
0 3t -2 x)? @)
The life of the cable is given as
t = exp(bx +a) (5)

Temperature index in °C at 20 kilohours (kh) can be calculated
by submitting t=20000 h into Equation (2) by finding the
temperature:

b

{ = Tn(z0000)-a 273.15 )

These values given in Table 1 are used to calculate the values
of x and y and shown in Tablo 2. Using Gauss’s least squares
method, the temperature index is found as 98.6525 °C with the
data given in Table 2.

Table 2. Experimental data used for drawing of Arrhenius plot for the EPR insulator material

. y=In(t), the

Aging T, Aging X The thermodynamic Time to end- . natural

. . variable o Time to end- .
Temperaturein ~ Temperature in . . point in hours o logarithm of
0 0 Reciprocal of the aging pintin days (d) .
(°C) (°K) o1 (h) time to end-

temperature (°K™) L
point in hours

165 438.15 0.002282323405227 255 36.42857 5.541263
140 413.15 0.002420428415830 1800 257.1428 7.495541
115 388.15 0.002576323586242 5308 758.2857 5308

3. Preparation of the Excel Spreadsheet

In this section, an Excel spreadsheet was created to
automate calculations that are difficult and time-consuming to
calculate manually. Engineers or researchers who evaluate the
cable endurance test results will be able to easily make the
necessary calculations using this spreadsheet application.
Figures 10 and 11 show the necessary data and the calculation
results to calculate the temperature index. Figure 10 shows the
appearance of the complete spreadsheet. Figure 11 gives the
zoomed sections of the spreadsheet for a better view. Its
columns are explained as follows.

Column A is the temperature column (in Centigrade) at which
the material is aged. Column B is the life in hours that
decreases to 50 percent elongation at the temperature at which
the material is aged. In column C, the absolute temperature (in
Kelvin) is calculated. The thermodynamic variable, which is
the inverse of the absolute temperature, is calculated in column
D. Column E contains the logarithm of the life in hours. The
values given in column D is squared for use in the formulas of
the previous section and given in column F. Similarly, the
square of column E is taken and presented in column G.
Column I holds the summation of x values, Z;‘;lxi, whereas

Column J holds the summation of y values, 3., ;. Column L

represents the total number of the calculated points (n;). The
average value of x values has been calculated and recorded in
column M, while the average value of y values has been
calculated and recorded in column N. Column O contains the
sum of x2 values, Y1, x2, and similarly, Column P contains
the sum of y*2 values, ¥, yZ. Column Q denotes the sum of
the products of x and y values, Zi":ilxiyi. The product of the
sum of x and y values, (T2, x;))(Z i, yi), is calculated in
column Q. The products of x and y values is calculated in
Column R. Column S contains the result of subtraction of the
sum of the x values from the sum of x"2 values times n;.
Similarly, Column T contains the result of subtraction of the
square of the sum of y values from the sum of y2 values times
n;. Column U comprises the result of subtracting the product
of the sum of x and the sum of y values from the sum of the
product of x and y values times n;. Columns V and Y contain
the calculated regression coefficients, a and b, respectively.
Temperature index was calculated in the Z column using the
regression formula given in Eq. 6. The life of the cable at the
test temperatures is calculated in column AB to draw the
Thermal Endurance plot or Arrhenius plot of the tested EPR
material in Excel, which is shown in Figures 10 and 12, after
the curve-fitting process. The accuracy of the results obtained
as a result of testing on different data has been checked by
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comparing the results obtained with other mathematical
programs and by hand. The time to the end point criteria or the
material life decreases with increasing temperature. The
thermal endurance line is drawn from the calculated
Temperature index (T;) to the maximum exposed temperature,
which was 165 °C in this study.
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Figure 10. The appearance of the Spreadsheet prepared
(Rotated to the left by 90 degrees for space consideration).
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Dosya Girig Ekle Sayfa Dizeni Formaller Veri rinim Yardir

5 5
T L) T('K) x Termodynamic Variable (T (°K)")  y=In(L) X Vo X% wy?
115 5880 388,15 0,002576324 B,67931 6,6374E-06 753305  0,0005
140 2012 413,15 0,002420428 7,60688 5,8585E-06 57,8647 0,000339
165 630 438,15 0,002282323 644572 5,209E-06 415473 0,0002164

@
Q Ne yapmak istediginizi sayleyin

1 J K L M N o P Q R
ng " o ] n n ni
. 2 2 2 2
Z:l Z)‘( Zxﬂ(zyl in Z}’i zxi.“
=1 =1 = =1 M  mean(x) meanfy) =1 =1 =1 x*y
0,00728 22,7319 0,003093801 3 0,00243 7,57731 1,7705E-05 174,742 0,055483853 0,022360716
0,018411919
0,014711217
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Figure 11. The zoomed sections (a, b, ¢, and d) of the prepared
Excel Spreadsheet.
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Figure 12. Thermal Endurance plot of the EPR material.
4. Conclusions

Thermal endurance tests are required for the cables made to
estimate their life. In this study, the properties monitored in the
thermal endurance test are the elongation at break up to an
elongation of at least 50% according to IEC 60216-2. The
exposure temperatures and their duration are decided
according to standard IEC 60216-1. Ethylene propylene rubber
is used in the experiments. The parameters of the thermal
endurance test are calculated with a curve-fitting method. It
takes time to use the least squares method by hand. The
process needs to be automized. In this paper, we have
suggested using an Excel spreadsheet as a cheap solution for
the automatization of the test results since it is already
available in almost every company. Excel's Microsoft Office
365 2023 version has been used in this paper. The user should
be careful not to use an earlier Excel version since it can cause
unexpected errors. Creating spreadsheets in Excel is a highly
flexible and functional process since Excel allows you to
organize data, perform calculations, and visualize it with
various graphs. This study aimed to swiftly and accurately
conduct complex and time-consuming calculations related to a
thermal endurance test using Excel spreadsheets. Excel's
extensive range of formulas enables the needed calculations
between cells, from simple operations like addition,
subtraction, multiplication, division to complex mathematical
formulas in an efficient way and a short time. The data
provided from the thermal endurance test of the cable material
examined is entered into the Excel spreadsheet, the necessary
calculations is performed, and the thermal endurance plot of
the tested material is visualized using graphs. The spreadsheet
takes the time to end point criteria and exposure temperature
as inputs, performs the curve-fitting, calculates the
temperature index for a life of 20000 hours, and gives the plot
of the material life versus the operation temperature. The
calculations of Excel spreadsheet match well with that of
Matlab. Although Matlab plots are more aesthetic, Matlab is
unfortunately more expensive than Excel and harder to reach
for company engineers. The Excel spreadsheet which is a
simple and cost-effective solution for the preparation of the
thermal endurance test is made downloadable for the cable
companies and the researchers through the link given in [26].
Also, the spreadsheets can be easily used to make a database
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for the thermal endurance test results of the insulation
materials [27].
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Abstract: In this study, the solution of a variational problem that allows determining the input voltage form that provides the maximum
power factor of the battery charging process in the RLC circuit and the change character of the charging current for constant R, L, C
and charging time has been examined. The defined problem is obtained and solved in the form of a linear integro-differential equation.
A quadratic voltage criterion is proposed to analyze the convergence of the power factor to its maximum value for various modes of
charging the battery.

Keywords: Charging efficiency, Maksimum power factor, Variational problem.

Kapasitans Sarj isleminde Gii¢ Faktorii icin Varyasyonel Problem

Ozet: Bu galismada, sabit R, L, C ve sarj siiresi igin, R L C devresindeki batarya sarj isleminin maksimum gii¢ faktdriinii saglayan giris
voltaji formunu ve sarj akiminin degisim karakterini belirlemeye olanak saglayan bir varyasyonel problemin ¢6ziimii incelenmistir.
Tanimlanan problem, lineer bir integro-diferansiyel denklem bi¢iminde elde edilir ve ¢oziiliir. Bataryanin sarj etmenin ¢esitli modlari
icin, gii¢ faktoriiniin maksimum degerine yakinsamasinin analizi i¢in ikinci dereceden bir voltaj kriteri dnerilmistir.

Anahtar kelimeler: Maksimum gii¢ faktori, Sarj verimliligi, Varyasyonel problem

1. Introduction As it is known, battery packs consisting of series or parallel
connected cells are generally used as energy storage in BMSs
[1,2]. Series connections control voltage, while parallel
connections determine current and capacity. The charging of
these capacitive energy storage devices is generally provided
through either a current limiting resistor or a current limiting
inductance, depending on the operating conditions of the
device and the place of use [3-6].

In  connection with the ever-increasing technological
applications of capacitive energy storage devices with charge-
discharge cycle features, analyzing the power factor of the
charging process of devices in these device circuits attracts
great attention as important problems. There is a lack of data
in the literature about the extremal operating conditions of
circuits that provide maximum power factor at non-sinusoidal
currents and voltages. This study aims to analyze the solution of a variational

problem regarding the determination of the optimal form of the
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input voltage U, (t) and the change character of the charging
current i(t) when charging the capacitive energy storage
device C, corresponding to the upper limits of the power factor
in an R — L — C circuit. General expressions for power factor
are found at optimum U, (t) voltage and i,y (t) current
values for various charging modes. When solving the problem,
it is assumed that R, L, C circuit parameters and T charging
time are given as initial data

Since a circular wire of radius R, has a potential V > 0 and a
grounded flat ideally conducting electrode has zero potential,
the maximum electric field strength on the surface of the
cylinder will be achieved at its point P which is closest to the
grounded electrode (see Fig. 1)

2. Theory
The charging efficiency is equal to:
1 ()

N=——mps
| 4 2CRT
CcU,

where I- is the effective value of the charging current.

According to (1), with the accepted initial parameters, the
efficiency is determined only by the value of the charging
current. The problem of finding the maximum efficiency is a
variational problem on a conditional extremum and reduces to
finding the extremum of some functional.

T (2)
L =fi2(t)dt

0

Provided that the required function i(t) must satisfy the
additional condition:

T (3)
Ji(t)dt = CUL(T) 0
0

By using condition (3), as will be shown below, we determine

the constant in solving the problem posed, without resorting to
the initial conditions.

The formulated isoperimetric problem on a conditional
extremum is reduced to the usual problem of the calculus of
variations without additional conditions using Euler’s theorem
[4-8]. Euler's theorem as applied to (2) leads to varying the
functional

L= [ [i*(t) + 6 i(D)]dt “)

Let us establish the first variation of the functional (4) 6L,
while considering the extremum condition §L = 0, wich relies
on the first lemma of the calculus of variations [7-11] we have:

2i+6 =0, i=—§ )

Substituting (5) into (3), we find:

g _2CUc ©)
T

The law of change in current when charging a capacitive
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storage device in the R-L-C circuit, corresponding to the
minimum losses in ohmic resistance

0

. _CU: _
lopt = —— = const

On the other hand, if the charging circuit consists of passive
RLC elements connected in series, the input voltage will be
determined by the following integro-differential equation.

di(t)

Uin(®) = LE2 4+ R-i(t) + 2 [ i(t)de ®)

and satisfying condition (7a), then we get:

Uinope (£) = 2 (RC + ) ©)

The efficiency of the charging process with the taken initial
data and the optimal charging mode:

"=t (10
T

3. Results and Discussion

Thus, to obtain maximum efficiency when charging a
capacitance in the R — L — C circuit (see Figure 1), it is
necessary to maintain the charging current constant during the
charging cycle (7), and the shape of the input voltage must
increase according to a linear law (9)

R L
— YY" V»—
—I>
Uin C Ugut
o- 0

Figure 1. Equivalent charging circuit of series RLC elements

To analyze this case, consider a series-connected RLC circuit.
The change in voltage across the capacitor is described by the
equation [9].

LCU{ +RCU.+ U, =u (11)

and the magnitude of the current in this case is equal to:

i(t) = CUL() (12)

taking into account expressions (11) and (12), the functional
takes the form:

Tu@®i®) dt = ¢ [T[Lcurul + ReU + U ULlde - (13)
0 0

The minimum of functional (13) is provided by the function
u(t) satisfying the Euler equation, which in this case has the
form:

Ug(t)=0. (14)

Considering the law of switching in an electrical circuit,
according to which the current value i(t) = CU/(t), at the
initial moment should be equal to zero. Therefore, Euler’s
equation (14) must satisfy the conditions:
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U.(0)=0 (15)
U.(T)=U
UL(0) =0

Since the general solution of the second-order equation (14)
depends only on two arbitrary constants. Therefore, it is
impossible to subject it to the three specified conditions. It
follows that if there is inductance in the circuit, it is impossible
to change the voltage on the capacitor, giving maximum
efficiency

To clarify the physical meaning of the result obtained, let us

consider the following law of voltage change on the capacitor:

U-(exp(—at) +at —1) (16)
exp(—aT) +aT — 1

Uc ) =

where a is some parameter. Note that for any value of the
parameter @ # 0, conditions (15) are satisfied. Based on this
formula, taking into account the values of the parameters
included in it, for two different values of a, the calculated
values of U, are shown in the Figure 2.

30

.,

rwff
;f’f
%i;f [T

S

voltage changes on the capacitor , V
"
&

el

P

0005 001 0015 002 0025 0.03 0035 0.04 0045 0.05
t,s

Figure 2. Change in voltage on the capacitor at different
values of the alpha parameter

Obviously, function (16) is a solution to equation (11) if its
right-hand side is defined as:

. 2_ — —
u(t) _ U-[(LCa?-RCa+1)exp(—at)+at+RCa—1] (17)
exp(—aT)+aT—1
As can be seen from figure 2, as the parameter « increases, the
function u.(t) approaches the linear function U.(t) = %t,

satisfying conditions (16).

But with increasing o, the initial value of the function u(0)
increases without limit (see Fig. 3), i.e. in the limit as a—oo the
initial value of the function u(0)—o. This explains the
impossibility of creating a corresponding law for changing the
voltage of the current source.
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Figure 3. Changes in current source voltage at different values
of the alpha parameter

The found solution to the problem is valid for i,,; = const at
all points, including for t = 0. However, under zero initial
conditions i(t)|;=o = 0, due to the presence of inductance in
the charging circuit, the solution to the problem can be
obtained only in the class of generalized functions. To
determine the input voltage shape that provides maximum
efficiency at zero initial conditions, we use the passage to the
limit. Let the current be described by the expression:

i(0) = ippe(1 — exp(—pD)) (18)

In the limit as § — oo (18) becomes a singular function

lopt » t>0 (19)

i® ={o, t=0

The input voltage shape corresponding to (19) under condition
(8) has the form:

Uin.opt , t> 0 (20)
0, t=0

Uan(®) = |

In the practice of using capacitive storage devices, the law of
change in the charging current and the shape of the input
voltage are different from the obtained optimal ones (7), (19),
(9), (20) and are adjustable. The shape of the input voltage is
determined by the rectification circuit adopted, and the shape
of the charging current, in addition, depends on the parameters
R, L, C and charging modes. It is known [7-11] that if F(t) is a
controlled variable, then the integral:

JCIF@®12dt

It is a so-called quadratic criterion for the quality of regulation.
One of the optimization methods in control technology is to
give this criterion a minimum value. In our case, to assess the
degree of optimization of the capacity charging process in the
R-L-C boiler, we have a quadratic criterion for current

T
7 = [ ][0 - tope )] e
0

where i, (t) is the change in current according to (7), i(t) is
the law of change in current for one charging cycle in the
circuit at a given mode.

For charging modes of capacitor banks, in which the value of
the charging current i, (t) is less than the value oy (t), it is
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appropriate to estimate y using the formula

T

y = CUC—J-i(t)dt
0

(22)

We analyzed the process of charging the capacitance in the
circuit for various forms of input voltage and circuit
parameters. Efficiency rating and y for different modes of
charging the capacity was carried out subject to condition (3).
Equation (8) was taken as the initial equation, which was
replaced during the analysis by a finite-difference equation of
the form:

i(tr) = i6) + 5 [Un(©) = R-i(6) = 2 30, (8 (23)

Based on this formula, the calculated results of the charging
current for given parameters are presented in Figure 4.

charging current . A

logt.s

Figure 4. Charging current variation at different RC values

Summarizing the above, we can draw the following
conclusions.

4. Conclusions

1. Let's find the optimal charging mode for a capacitive energy
storage device in the R-L-C circuit. From the analysis of (7),
(19), (9), (20) it is clear that in order to obtain the maximum
possible efficiency for given R, L, C, T, Ug, it is necessary to
have an initial current i(t) in the circuit i(t)|;=o = % and the
shape of the input voltage should change according to (9).

2. A quadratic criterion for current has been obtained, which

makes it possible to compare different modes of charging the
capacity.
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Arastirma Makalesi

Istatistik Yontemleri ve Istatistik Miihendisliginin Dil ve
Edebiyat Arastirmalarinda ve Miihendislik Alaninda
Kullanimina Iliskin Onerilere Bir Bakis
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! Endiistri Miihendisligi, Miihendislik Fakiiltesi, Toros Universitesi, istanbul, Tiirkiye
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Oz: Istatistikciler, sunduklar yontem (metodoloji) destegi dolayisiyla diger bilim dallarina arastirma, planlama, veri toplama ve analiz
asamalarinda yardime1 olur. Bu bakimdan bazen degisik disiplinlere ait uygulamali ¢caligmalar yapar veya arastirma gruplarinda yer
alirlar. Cagimiz bilimine yon veren iilkelerde durum budur. Bizde de artik ayni yola gidisin isaretleri belirmektedir. Boylece, bir
zamanlar guvallar dolusu fig yazmak zorunda kalan edebiyat¢ilarimiz, simdi bilgisayar programlari yardimiyla metinler tizerinde indeks
¢ikarma, kelime sayma, alfabetik siraya koyma gibi igleri aninda yapabileceklerdir. Arastirmact igin bir kdbus olan ve yillar alan bu
mekanik islemler artik birkag dakika i¢inde ¢oziilmekte, insan zekas1 asli gorevi olan diisiinme faaliyeti i¢in serbest kalmaktadir. Ote
yandan, saniyede bir milyarlari bulan islem hiziyla bilgisayarlar, kagit kalemle asla yapilamayacak veya yillar alacak hesaplart hatasiz
sekilde sonuglandirarak, daginik ve karmasik bilgi yiginlarindan (bilhassa biiyiik veri~ big data) mantikl teorilere yol agacak ana
fikirlerin siiziilmesini saglamaktadir. 19.yiizyildan bu yana istatistik analiz yontemleriyle dil ve edebiyat lizerinde ¢aligmalara ve
istatistik mithendisligi sayesinde miihendisligin her alaninda veri olan her yerde yer verilerek hangi amagla yapildig1 ve saglanan
yararlar lizerinde orneklerle durulmustur. Bilhassa istatistigin ve istatistik mithendisliginin diger kullanim olanaklar iizerine dneriler
verilmistir.

Anahtar kelimeler: Entropi, Istatistik Miihendisligi, Istatistik Yontemi, Metin Karakteristigi

A Survey of the Proposals for the Use of Statistical Methods and Statistical Engineering in Language and
Literature Studies and Engineering

Abstract: Statisticians assist other disciplines in research, planning, data collection and analysis stages due to the methodological
support they offer. In this respect, they sometimes carry out applied studies from different disciplines or take part in research groups.
This is the situation in the countries that direct the science of our age. There are signs of going the same way for us now. Thus, our
literati, who once had to write sacks full of receipts, will now be able to instantly perform tasks such as indexing the texts, counting
words, and putting them in alphabetical order with the help of computer programs. These mechanical processes, which are a nightmare
for the researcher and take years, are now solved in a few minutes, and the human mind is freed for its main task, the thinking activity.
On the other hand, with a processing speed of up to one billion per second, computers allow to filter out the main ideas that will lead
to logical theories from messy and complex piles of information (especially big data) by concluding calculations that could never be
done with pen and paper or take years. Since the 19th century, studies on language and literature with statistical analysis methods and
statistical engineering have been included in every field of engineering, where data is available, for what purpose it is done and the
benefits it provides are emphasized with examples. In particular, recommendations are given on other uses of statistics and statistical
engineering.

Keywords: Entropy, Statistical Engineering, Statistic Methods, Word characteristic
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1. Giris

Once sosyal bilim konularindan 6rnegin Tiirk Dili ve
Edebiyati'nda zaman zaman istatistik dergilerde bu yonde
yapilmis yayinlara rastlanmaktaydi. Tirk Dili ve
Edebiyati'nda bu ¢alismalarin yapilmamasi i¢in higcbir sebep
yoktu. Ilk olarak, 1973 yihinda Tiirk Roman’indaki Bati
kaynakli kelimeler {izerinde bir ¢alisma baglatildi. Bu arada,
¢esitli metinlerde kelime uzunluklarini ele alan bir arastirma
1979 1II. Milletler Arasi Tiirkoloji Kongresi'nde bir bildiri
halinde sunuldu. Bunu 1982 ve 1985 kongreleri takip etti.
1982 bildirisinde, romanimizdaki bati kaynakli kelimelerin
zaman i¢inde gittikge yogunluk kazandigi rakamlarla ispat
edilmekte, dil ve kiiltiiriimiizde batililasmanin yarattigi
kutuplagmalar ilmi metotlarla ortaya konmaktaydi. Bu
bildirinin sunulmasindan sonra dinleyicilerden gelen sorular
ve yapilan tartismalar {izerine bir aciklama yapilmasi gerekli
oldu. "Istatistik ve Edebiyat" baslikli bu uzunca makalenin
ancak bir kismi 1983 yilinda Tiirk Edebiyati dergisinde
yayinlandi. Daha sonra, 1984 Yazarlar Birligi Yilligi'na da
alinan bu makalenin tamami ilk olarak bu kitapta yer
almaktadir. 1985 Tiirkoloji Kongresi'nde sunulan "Dil ve
Edebiyatta  Olgiilebilir ~ Ozellikler"  bashkli  bildiri,
edebiyatcilarimiz igin niceleyici ¢aligmalarda yol gosterici
olabilir.

2. Dil ve Edebiyatta Olgiilebilirlik
2.1. Cagdas Anlamda istatistik

Cagdas anlamda istatistik, dogal olaylara dayanan ve gozlemle
bulunan verilerin bilimsel yontemlerle incelenmesi ve dogru
sonu¢ cikarilmasidir. Genel olarak; gozlemle elde edilen
bilgileri diizenleme, analiz etme ve bunlardan sonug ¢ikarma
sanat1 ve bilimi olarak istatistik ortaya ¢ikar. Sayisal bilgiden
anlam ¢ikarma, belirsizligin ele alinmasi, &rneklemenin
Onemi, tahmin yapma ve karar verme baglantilarini
gelistirmek i¢in 6zellikle rastgele deney ve gozlemlere dayali
bilimsel ve iglevsel baglantilari kullanmak ¢ok 6nemlidir. Zira
veri gruplarinimn diizenlenmesi, tanimlanmasi, sunulmast ve
grafiklerle, listelerle, tablolarla ifadesi bu becerilerin
kazanilmas1 ~ ¢agdas  istatistikginin  yeni istatistik
mesleklerinden “veri bilimcisi” donanimini elde etmek igin
olmazsa olmaz becerilerdir [1].

Istatistik yontemleri edebiyatta diger yorum sekillerinin
yaninda onlarla ayn1 degerde ve ayni1 diizeyde degil, metinlerin
sekil oOzelliklerini betimleyen yardimci unsurlardir. Hatta
istatistik  yontemlerinin  teolojide (manevi bilimlerde)
kullanilmasi, bugiin bile hala biyiik bir siiphe ile
karsilanmaktadir.  Universitelerin ~ arastirma  ve  bilgi
degerlendirme merkezlerinde istatistik sonuglarinin gosterdigi
gibi sosyologlar, psikologlar ve dilbilimciler, istatistigi uzun
zamandan beri kullanmaktadirlar [2].

Istatistiksel edebiyat analizlerinin asil problemi, onun
yayildig1 alandir. Istatistik agisindan elde edilen sonuglar ile
bir metnin anlami igerigi ve eserin istatistik degeri arasinda
benzerlikler var midur? Dis goriinlis 6zelliklerini anlam
bilimde de etkili olmasi, onlarin anlam bilim 6lgiilere uymast
miimkiindiir. Yeterli sayida eser agisindan bunu belgeleyebilen
arastirmalar ise simdiye kadar var olmanustir. Istatistik
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verilerin degerlendirmede, bu veriler arasinda bir iliski, bir
baglanti kurmak daha da zordur. Istatistik yoniinden
geleneksel ve 6znel (siibjektif) olarak elde edilen bilgilerden
daha dogru ve estetik problemler i¢in biiyiik 6nemi olan tek
6l¢ii olarak bir eserin tekdiize (homojen) olusu animsanabilir

[2].

Jonathan Swift, 1725 yilinda “Julver’in Seyahatleri”inde
Laputan dilinin genel kelime kaynagmi igeren ve bunun
yardimiyla bu konudaki tiim hesaplamalar1 verebilen bir
makineyi tasvir eder, “ayrica nesnelerin, fiillerin, isimlerin ve
diger climle 6gelerinin sayis1 arasinda kitaplardaki iligkiler de
verilmektedir” [2]. Jonathan Swift, burada kendi caginin
bilimini ugras: terapisi hatta dil bilimcileri de hece sayicilari
olarak hicveder.

Dildeki gelismelerin betimlenmesinde kullanilan sayisal
analiz yontemleri, ciddi sekilde 19. Yiizyilin ortalarinda
denenmistir. Fakat istatistiksel dil analizleri, ancak
bilgisayarlardaki bellek kapasitesinin daha biiyiik hacimli veri
degerlendirme etkilerinin hazirlanmasindan yakin zamanda
kolay ve hizli bir sekilde 6nem kazanmigtir.

Iginde bulundugumuz 20. yiizyilin ancak altmish — yetmisli
yillarindan bu yana bir eserin veya bir edebi tiiriin sekil
ozellikleri ve kullanilan kelimeler hakkindaki varsayimlar ~
iddialar ~ hipotezler, istatistik konulu metinler tarafindan
dogru olarak test edilip denetlendikten sonra ret veya kabul
edilebilmeye baglanmigti. Manon MAREN — Grisebach’in
yazdig1 Edebiyet Bilimi’nin Yontemleri kitabinda (Tiirkge ‘ye
ceviren Dr. Arif Unal ) 6grendigimize gore 1852 yilinda E.
Forstermann’in Almanca ’da, Latince ’de ve Yunanca ’da
Sayisal  Dil Iliskileri  (miinasebetleri)” adli  eseri
yayimmlanmistir. Bu bigimdeki ¢alismalar, 1890’11 yillarda P.
Valerio ve F. W. Kéding tarafindan devam ettirilmistir.

Yeni galismalarin onciileri olarak E. ve K. Zwirner’in degisik
dillerdeki ses iligkileri hakkindaki ¢caligmalar1 ve G. K. Zipf’in,
“dilin Fizyolojisi” adli eseri sayilabilir. Zipf, ilk dnce bir
metnin kelime hazinesindeki bir kelime ile ¢ok kullanilan
kelimeler sozliigiindeki bu kelimenin 6nceliginin (r) sik sik
kullanilig1 arasindaki iligskiye (yani istatistiksel anlamda
korelasyona) isaret etmigtir. Ayrica tekrarlanma sayisinin
6l¢iisiinii bulan frekans dagilimi ile burada gecen sozliikte en
sik gecen kelime r1, en sik gecen kelime r2 vb. ile gosterilerek
climle uzunlugu hakkinda en genis bilgiyi ilk 6nce G. U. Yule
ve C. B. Williams vermislerdir [3].

2.2. Metin Karakteristikleri

Edebi eserlerin metin karakteristiginin saptanmasi, ilk 6nce
Achen’li fizik¢i Wilhelm Fucks tarafindan yapilmistir [4].
Fucks, harfler, heceler, climleler, bunlarin 6zellikleri ve
birbiriyle iliskisi gibi seylerden olusan bir metnin unsurlarini
betimlemektir. Istatistiksel bir metnin analizinin amaci, bir
metnin dis goriinlisii  hakkindaki fikirlerdir. Gerekli bir
tanimlamanin (description) amaci olarak bu islemler yalniz,
agirlik noktast dig goriiniis yoniinden bulunan metinlerde s6z
konusu olmaktadir. Bu tiir eserlerin genel edebiyata katkilar
Olciisinde istatistiksel inceleme yontemi 6nem kazanir. 20.
Yiizyitlinin bagindan beri bu alanda bir artig oldugu; (1)
bilgisayar sistemlerinin bellek ve islem hizinin ¢ok yiiksek
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diizeyde olmasi, (2) bu gelismeye paralel olarak istatistik
bilimindeki analiz yontemlerinin her veriye uygun olarak
gelistirilmesi ve yazilimlarinin hazirlanmasindan  dolay1
tartisilmaz. Bu konuda Manon MAREN — Grisebach’in bize
ulagtirdigt ¢ok Ornek olmakla birlikte bazilarini sizlerle
paylasalim [2]. Christian Morgenstern [6]’in metinleri,
bilhassa August Stramm’mn [7] ve Dadaistler’in ¢alismalari [8]
ve Ingiliz Edebiyat1 gergevesinde E. E. Gumming [9] ve
Getrude Stein’in [10] ¢aligmalarindan sz edilebilir. Helmut
Heissenbuttel [11] ve Fransiz Cumhuriyet¢i yazarlarin
caligmalari, giinlimiiz edebiyatindan Ornekler sunar.
Edebiyatin yaygin yorum yontemleri ¢cercevesindeki sik sik bir
analizle anlasilamayacak metinlerle karsilasiriz. Ornegin
Wilhelm Fucks [4], metnin hecelerinden anlasilan 6zel bigim
ozelliklerini arastirir: Her kelimedeki orta hece sayist ve
bundan hesaplanan ve “Metin Entropisi ~ incelenen metnin
unsurlarmm  diizen derecesini  verir”. Diger metin
karakteristikleri (hecelerde), orta climle uzunluklari ve bir
metindeki ayni hece sayisinin kelime zincirinin orta
uzunlugudur.  Istatistiksel incelemeler, ayrica metrik
analizlerini de vermektedir.

2.3. Entropi

Bir sistemdeki belirsizligin dl¢iisiine “entropi” ad1 verilir. S bir
kaynak olsun. Bu kaynagin {mi, mz, .., mn} olmak iizere n
mesaj (ileti) dretilebildigini varsayalim. Tim mesajlar
birbirinden bagimsiz olarak iiretilmektedir ve m; mesajlarinin
iretilme olasiliklar1 pi’dir. P = {pi1, p2, ..., pn} olasilik
dagilimma sahip mesajlari ~ metinleri lireten S kaynagmin
entropisi H(S) su sekildedir [12]:

H(S) =-Xiz1p;i logz (i) (1)

Ornegin sekiz kisinin bir soruya verdigi yamtlar S
kiimesindeki gibi olsun.

S = {evet, evet, hayir, hayir, hayr, hayir, hayir, hayir}
Olasiliklar, iki adet “evet” degeri igin,

pl=2/8=025 (2

diger alt1 adet “hayir” degeri igin,

2 =6/8=0,75
P 3)
hesaplanir. O halde P = (p1, p2) = (0,25, 0,75) yazilir ve bu
degerlere bagl olarak S i¢in toplam entropi asagidaki sekilde
elde edilir.

H(S) = -[ palog, (1) + p2log, (2)] 4)
--[0,25log,(0,25) + 0,75log, (0,75)]
=0,81128= %81

Yani S kiimesine hangi yanit geleceginin belirsizlik 6lgiisii
%81 bulunmustur denir. Bir bilgi sisteminin toplam
enformasyon (bilgi ~ malumat) potansiyeline, Shannon, o
sistemin “entropisi” adin1 vermistir. Hatta metin ¢dziimlemede
daha ¢ok termodinamikten alinan bu terimi ise kendisine
biiyiik matematik¢i ve bilisim kuramcist John Von Neumann
1srarla 6nermis ve “Entropinin ne oldugunu kimseler anlamaz,
bdylece sen de enformasyon kuramini anlatirken, hem ne
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kadar derinmis diye diisliniirler, hem de soyleyecek pek bir sey
bulamaz” demistir. Bazi uzmanlar, Claude Shannon’un
enformasyona etkisini, alfabenin mucidinin edebiyata etkisine
benzetecek kadar onemli bulmaktadirlar. Hatta giiniimiizde
kompakt disklerden siiper bilgisayarlara, internetten uzay
araglarina kadar, sayisal bilgiyi saklayan, isleyen ve ileten tiim
sistemlerin temelleri Shannon’un enformasyon kuramina
dayanmaktadir. Simdi yine metin entropisine uygun yapilan
arastirmalardan s6z etmeye ¢aligalim [13].

Hecelerdeki orta ctimle uzunluklari i¢in birkag 6rnek verelim:
Rilke’nin “Cornet” i 12.5, Goethe’nin Italya Seyahati 38.8,
Marx’in “Kapital”i 65.4 ve Bild Gazetesinin 1968 y1l1 Nisan
ayidaki birkag makale 20.5.

Farkli tiirlerin ve farkli yazarlarin metinlerinin incelenmesi,
metin benzetmelerinin saptanmasinin sonuglarindaki rastgele
farkliliklardan kurtulmak i¢in yaklasitk 300-400 kelime
uzunlugunda bir metnin yeterli oldugu sonucunu ortaya
cikarmistir. Bu metnin farkli kisimlarinin degerler dagilimu,
dis sekil birligi i¢in bir 6l¢ii verir. Sayimlarin kesin sonucu, bir
eserin boliimlerindeki 6zellikler agisindan benzerliklerin ve
farkliliklarin saptanmasidir. Bunun da yazarin diger eserlerinin
ve diger yazarlarin eserlerinin Ozellikleri karsilastirilarak
yapilan g¢alismalardaki deger “sapma (Standard deviation)”
lartyla baglantis1 vardir. Ornegin bir nesir metninde ortalama
hece sayisi i¢in degerlerin sapmasinda her kelime igin 0.01 —
0.02 normal karsilanmistir. B6liimdeki sapmalarda dagilimdan
bagimsiz olarak genellikle tiim metnin ortalama degerinden
kelime basina 0.2 hecelik bir sapma ortaya ¢ikar. Fucks,
istatistiksel caligmalarin temelinde dogal dillerdeki kelime
olusturma teorisi ile matematiksel bir dil bigim teorisi
geligtirmistir.

2.4. Istatistigin Diger Kullanim Olanaklar

Istatistiksel incelemeler, bir edebi tiirdeki metinlerin dis
goriiniisiindeki ince farkliliklar1 gostermeye, simdiye kadarki
analizlerden ¢ikan yap1 ozelliklerini ispat etmeye, bir ¢agin
(devrin) sekil 6zelliklerine uygun olarak bir eserin durumunu
aydinlatmaya ve sekildeki geligsmelerin ¢izgisini belirlemeye
ve terclimeler hakkinda bir karar varirken bazi kriterler
saptamaya uygun goriinmektedir.

Omegin, verilerin kiimelenmesi, analizi, nesneleri siir, nesir
vb. metinlerde birbirine olan benzerliklerine gore gruplarina
ayirmak demektir. Elde bulunan veriler incelenerek birbirine
benzeyenler bir kiimeye, benzemeyenler ise baska bir kiimeye
toplanir. Verilerin kiimeleme analizine gére modellenmesinde
matematik, istatistik, bilgisayarli makine 6grenimi ve yapay
zeka gibi bir¢ok alandan yararlanilir. Bilhassa bu yontemle ve
benzer istatistik analiz yontemlerle dil ve edebiyatta, Tiirkge
nesirlerde ve aruz vezninde kullanilan kelime uzunluklarindan
Tirk romanmdaki Bati kaynakli kelimelere ve buradan
hareketle yazarlarimizin smiflandirma  (kiimeleme)
denemesine kadar ¢alismalar yapilabilmektedir. Bilgisayar
kullaniminin yayginlagsmast hem hiz hem de bilgi saklama
kapasitelerinin artmast, bilgisayar kullanimu ile bilgiye ulasma
ve onu isleme asamasinda bilim adamlarinin 6niine arastirma
yapmak icin sonsuz hedefler agmaktadir.

Oysa bilgisayarlar bilhassa metinler {izerinde indeks (fihrist)
cikarma, kelime sayma, diizeltme, siralama, saklama,
sorgulama vb. gibi islemleri ¢ok kisa bir (saniyeler
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mertebesinde) zaman iginde ¢oziimleyebilmektedirler. Bu
aciklamaya ek olarak bilhassa istatistik 20 yiizyildan itibaren
gecirdigi yiiksek gelisim, ortaya koydugu veriye, konuya vb.
uygun Olgme ve degerlendirme teknikleriyle edebiyat
arastirmalarina yeni boyutlar katarak, onlar1 zenginlestiriyor
[14]. Biz istatistik¢iler olarak bu ¢alismada sunacagimiz
metodolojik destekle yani veri toplama ve analiz asamasinda
dil ve edebiyata yardimci olmaya calisacagiz. Cagimiz
bilimine yon veren soz sahibi iilkelerde durum boyledir.
Istatistiksel edebiyat analizlerinin asil problemi, onun
yayildig1 alandir. Son yillarda bir istatistik sistemi olarak
"istatistik miihendisligi" kavraminin ortaya ¢ikmasi,
istatistiksel diisinme yoluyla bilim ve istatistik teorisi
kullanilarak olusturulan bu yeni istatistik disiplini sayesinde
internetteki bilgi ve veri yogunlugunun ve bunlari depolayan
makinelerin de eklendigi veri okyanuslarinin dogru, analiz
yapabilme giicii ancak asilabilecektir. Biiyiik Veri (Big data)
nin ¢ok biiylik miktarda bilgiyi 6glitmek, onu anlik olarak
analiz etmek ve kimi zaman ondan enteresan sonuglar
¢ikarmak i¢in yeni bulunmus, yeni ortaya ¢ikan bir yaklagim
oldugunu séyleyebiliriz. Bu da istatistik analiz tekniklerinin
ciddi olarak egitiminin alinmasini gerekli kilmigtir.

3. Dil ve Edebiyatta Istatistik

Ilk bakista sanat ve edebiyatla istatistik ve bilgisayar arasinda
hicbir ilgi yokmus gibi gelebilir. Bazilara goére sanat sadece
hissedilebilir. Ciinkii zevkler ve renkler tartisilmaz. Matematik
ve buna dayali, miispet ilimler ise aklin eseri olup
objektiftirler. Kesin ispatlara dayanirlar. Sanatla ilmin
malzemesi, yontem ve {iriinii tamamen birbirinden farklidir.
Dolayisiyla herkes kendi yoluna gitmelidir. Sair kelimeleriyle
ugragsin, misralarin1 yontsun, cilalasin. Matematik¢i de
formiiller tiiretsin, denklemler kursun.

Cogunlugun destekledigi bu diislince tarz1 ilk bakista gekici
goriinmekte ise de esash bir temelden yoksundur. Duygu ve
diistinceler arasina duvar oOriillemez. Giizellik igten ice bir
Ol¢iiye dayandigi gibi, dikkatle incelenirse matematik ve
hendese (miihendislik) ruhunun da vardigi nokta estetik bir
deger tasir. Aslinda giiniimiizde her alanda kaydedilen bas
dondiiriicti gelismeler, birgok ilim ve sanat adamini dar sahalar
icine hapsetmistir. Daha XVIII. ve hatta XIX. asirda iyi
egitilmis bir kisi, zamanin tiim bilimleri bilme imkanina
sahipti. Bin yedi yiizlii yillarda bir bilim adami ayn1 zamanda
bir filozof veya sanat¢iydi. Yalniz bilgi degil, irfan ve hikmet
sahibiydi. Astronomi, matematik, fizik, tip, dilbilim, din,
sanat, felsefe, miizik ve mimari hakkinda zamaninin biitiin
bilgilerine vakif olabilirdi. Bu durum, Dogu ve Bati
bilginlerinin ortak vasfiydi. Zamanimizin sanat¢i ve bilim
adami neden bdyle degil? Sorunun cevabi gayet agiktir:
Hafiza, zekd ve zaman bakimindan sinirli olan insan, degil
biitiin bilim ve sanat dallarinda, tek bir dalin ince ayrintisinda
dahi mevcut bilgilerin tamamini 6grenmekten aciz hale
gelmistir. Cesitli dallardaki bilimsel gelismeleri ele alan
aragtiricilar, bunlarin zaman iginde iislii bir fonksiyon seklinde
arttigini ortaya koymuslardir. Bilimdeki yenilikler her on yilda
bir katlanmaktadir. Bu demektir ki, 1940 yilinda kendi
uzmanlik alanindaki biitiin bilgilere sahip olan bir bilgin,
1950°deki bilgilerin ancak yarisina, 1960 dakilerin dortte
birine sahiptir. 1990 dakilerle kiyaslandiginda, onun bildikleri
otuz ikide bire diismils demektir. Bundan Otiiridiir ki bir
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yandan siirekli olarak yeni ilim dallar1 ortaya ¢ikmakta ve alt
dallar olugmaktadir. Giin gegmiyor ki insanlig1 hayretler icinde
birakan yeni bir bulustan s6z edilmesin. Heniiz teknolojiye
aktartlmayan bilgileri ise kiitiphane raflar1 bile artik
cekememektedir. 1970 li yillarda Ingiltere Patent Dairesi
kiitiphanesinde yer alan yazi ve dergilerde 320000 konu
bagliginin bulundugu diisiiniiliirse, birbirinden habersiz olarak
ilmin derin dehlizlerinde yol alan milyonlarca arastiricinin,
yaptiklar1 buluslarla ortaya koyduklart mevcut ilim birikimi
karsisinda her ferdin cahillik derecesini giin gectikge
derinlestirdikleri ortaya ¢ikar. Gelmis gegmis biitiin ilim
adamlarinin %90 1 halen hayatta olmakla beraber, bu kisiler
birbirinin alanindan uzak ve habersizdirler [14].

Istatistik ise yiizy1limizin basindan itibaren yaptig1 hamlelerle,
her bilim adaminin yararlanacagi yontemleri ortaya koymus,
O0lgme ve degerlendirme teknikleri sunmustur. Bununla
beraber bu yontemlerin yayginlik kazanmast da ancak
bilgisayarlar sayesinde olmustur. Dil ve edebiyatin, Istatistik
metotlar kullanmas1 ve bilgisayarlardan faydalanmasi da artik
kaginilmazdir. Cagin gidisi bu yondedir. Gliniimiizde dil ve
iislubu ele alan Stylometry adli bir Istatistik dali gelismis,
dilbilime uygulanan bilgisayar yontemlerini inceleyen
Computational Linguistics gibi dergiler yayimlanmaya
baglamustur.

Zaman zaman istatistik dergilerde bu yonde yapilmis yaynlara
rastlanmaktaydi. Tiirk Dili ve Edebiyati'nda bu ¢alismalarin
yapilmamas1 i¢in hicbir sebep yoktu. ilk olarak, 1973 yilinda
Tirk Roman’indaki Bati kaynakli kelimeler iizerinde bir
calisma baglatildi. Bu arada, ¢esitli metinlerde kelime
uzunluklarini ele alan bir arastirma 1979 III. Milletler Arast
Tiirkoloji Kongresi'nde bir bildiri halinde sunuldu. Bunu 1982
ve 1985 kongreleri takip etti. 1982 bildirisinde, romanimizdaki
bati kaynakli kelimelerin zaman iginde gittikce yogunluk
kazandig1 rakamlarla ispat edilmekte, dil ve kiltiiriimiizde
batililagmanin yarattig1 kutuplagmalar ilmi metotlarla ortaya
konmaktaydi. Bu  bildirinin = sunulmasindan  sonra
dinleyicilerden gelen sorular ve yapilan tartismalar tizerine bir
actklama yapilmast gerekli oldu. "Istatistik ve Edebiyat"
bagliklt bu uzunca makalenin ancak bir kismi1 1983 yilinda
Tirk Edebiyati dergisinde yayinlandi. Daha sonra, 1984
Yazarlar Birligi Yilligi'na da alinan bu makalenin tamamu ilk
olarak bu kitapta yer almaktadir. 1985 Tiirkoloji Kongresi'nde
sunulan "Dil ve Edebiyatta Olgiilebilir Ozellikler" baslikli
bildiri, edebiyat¢ilarimiz igin niceleyici ¢aligmalarda yol
gosterici olabilir.

4. istanbul Edebiyat Fakiiltesinden Bir Makale: Istatistik
Metot Elestiri Kuramm Teorisi Hakkinda Kisaca Ozet Bilgi

Biitiin bilim ve sanat dallarinda etkilerini gordiigiimiiz
istatistik metot kurami [15], edebi metnin ve edebiyatla ilgili
her bilginin incelenmesinde zaman zaman karsilasilan bir dizi
teklif ihtiva eder. Ozellikle “verilerin” ¢ok oldugu durumlarda
verilerin birbiri ile iligkilerinin incelendigi arastirmalar,
istatistik metodun tekniklerini kullanmay1 gerektirmektedir.

Istatistik, matematik bilimi ile yakindan alakali bir bilim
dalidir. Verileri, matematiksel degerleri agisindan inceler.
Aritmetik ortalama bagta olmak {izere sayisal veri grubunun
birbirlerine gére durumlarmi ¢ok ¢esitli agilardan
degerlendirir. Ortalamalarmi alir, genel ve Ozel sayisal
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degerlerini  hesaplar, grafikler g¢izer, yiizdelerini ve
varyanslarini (standart sapmalarini) bulur ve bunlara benzer
daha pek ¢ok calisma ile ugrasir.

Istatistik, bir anlamda deney ve gdzlemlerin matematigidir,
dolayisiyla sayma ve 6lgme ile elde edilmis verilerle ugrasan
bilimsel bir yontemdir. Saymalar ve Olgmeler sonunda
aragtirici karar verme agamasina gelir.

Istatistik, giiniimiiziin ¢cok unsurlu hayati iginde hemen her
parcanin birbiri ile iliskisini sayisal degerlerle verebildigi i¢in
onemlidir. Yillarca fen bilimlerinin ortak bir metodu olan
istatistik, artik edebiyatta da kullanilmaktadir. Edebi
metinlerin dil ve dslup c¢aligmalari, istatistik olmadan
yapilamaz. Sanatkarlarin kavram diinyalar1 ancak istatistik
verilerle oOlgiilebilir. Bir siirdeki asonans ve aliterasyon
caligmast  edebiyata Istatistik metodun en yaygm
uygulamalarindan biridir.

Kafiye, vezin, nazim sekli, nazim birimi gibi siirin teknik
ozellikleri, istatistik ile saglam bir bigimde olgiilebilir.
Bibliyografik kiinye bilgileri, istatistigin siralama, gruplama
gibi teknikleri sayesinde diizenlenebilir. Veriler iginde sayi,
ylizde ve dagilim gibi degerler basta olmak {izere istatistik
metodun edebi metin incelemesinde 6nemli bir yeri vardir.

Istatistik, giiniimiiziin ¢cok unsurlu hayat1 iginde hemen her
parc¢anin birbiri ile iligkisini sayisal degerlerle verebildigi i¢in
onemlidir. Yillarca fen bilimlerinin ortak bir metodu olan
istatistik, artik edebiyatta da kullanilmaktadir. Edebi
metinlerin dil ve {slup caligmalari, istatistik olmadan
yapilamaz. Sanatkarlarin kavram diinyalari ancak istatistik
verilerle dlgiilebilir.

Bir siirdeki asonans ve aliterasyon (misra~ dize iginde ve
komsu musralar arasinda bir ahenkle tekrarlanan tinliiler
asonans, linsiizler aliterasyon olusturur) caligmasi, edebiyatta
Istatistik metodun en yaygin uygulamalarindan biridir.

Kafiye, vezin, nazim sekli, nazim birimi gibi siirin teknik
ozellikleri, istatistik ile saglam bir bigimde oOlgiilebilir.
Bibliyografik kiinye bilgileri, istatistigin siralama, gruplama
gibi teknikleri sayesinde diizenlenebilir. Veriler iginde sayi,
ylizde ve dagilim gibi degerler basta olmak iizere istatistik
metodun edebi metin incelemesinde dnemli bir yeri vardir.

Istatistiki incelemeler, bir edebi tiirdeki metinlerin dis
goriiniisindeki ince farkliliklar1 gostermeye, simdiye kadarki
analizlerden ¢ikan yap1 &zelliklerini ispat etmeye, bir devrin
sekil oOzelliklerine uygun olarak bir eserin durumunu
aydinlatmaya ve sekildeki geligsmelerin ¢izgisini belirlemeye
ve terclimeler hakkinda bir karara varilirken bazi kriterler
tespit etmeye uygun goriinmektedir. [6; gercegine sadik
kalmarak alint1 yapilmustir].

Bu calisma Istatistik metotlar ve bilgisayar kullanimiyla dil ve
edebiyat alaninda neler yapilabilecegine birkag drnek vermis
sayilabilirse amacina ulagmis olacaktir.

5. istatistik Miihendisligi

Istatistigin son zamanlarda kullanilan ydntemlerden biri olan
"veri madenciligi" ne bir géz atalim. Kurumlarda biriken veri
icerisinden kurum i¢in yararli olanlarini bulup ortaya ¢ikarma
isine veri madenciligi adi veriliyor. Bu eylem bizi "Istatistik
Miihendisligine”  gotiirmektedir. ~ Veri  madenciliginin
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kullanilmadigi alan yok gibidir. Pazarlama, bankacilik,
sigortacilik ve elektronik ticaret vb. degisik tiirde
kullanilabilmektedir. Veri madenciliginin veri kiimeleme
teknigi dil ve edebiyatta istatistiksel analiz ydntemlerinin
kullanilmasina 1s1k tutacagi igin bir drnekle bir giris yapalim.
Rastgele bir makine kullaniminin 6grenimi agisindan, her bir
kiime gizli bir oriintilyii (pattern) temsil eder ve uygulanan
O0grenme ise bir denetimsiz Ogrenmedir. Bir agidan
bakildiginda ise kiimelemeyi "gizli Oriintiilerin" ortaya
cikarllmasi i¢in uygulanan bir denetimsiz "Ggrenme
yaklagimi" olarak tanimlanabilir [16].

Kiimelemedeki Ogrenmenin denetimsiz olmasinin nedeni
onceden belirlenmis smiflarin olmayisidir. Onceden smiflar
belirli olsaydi, zaten bu kiimeleme degil, bir smiflandirma
"modeli" adin1 alacakti. Onceden simflar belirli iken, yani
kadin ve erkek, evli veya bekar diye iki ayr1 smif varken
yapilan (algoritmik) 6grenmeye denetimli 6grenme; herhangi
bir smf adi verilmeden yapilan 6grenmeye ise denetimsiz
ogrenme denilir. Ornegin, veri tabanindaki kayitlarda her
kaydin yaninda kadin veya erkek, evli veya bekar bilgisi
yaziliyor olsun, bu durumda veri tabam iizerinde yapilan
herhangi bir (kadin veya erkek olduguna iliskin) kural ¢ikarma
islemi denetimli d6grenmedir. Ancak, yapilan kural ¢ikarma
islemi denetimsiz 6grenmedir. Bu islem ayni zamanda veri
tabanini (iki) kiimeye ayirma, yani kiimeleme islemidir.
Burada, kadin/erkek gibi bir etiket ya da sinif olmayacag i¢in
kiimeleme kayitlar arasindaki benzerlik veya uzaklik (mesafe)
Olgiitiine gore yapilir.

Iki verinin (metnin, siirin vb.) benzerliginden kasit ise
aralarindaki uzakligi 6lgiilmesi ve degerlendirilmesidir [17].
Bu degerlendirme veri tabanindaki diger verilere oranla iki
verinin ne kadar yakin ya da benzer olduklari agisindan
yapilabilecegi gibi dnceden belirlenmis kisitlar esik (sinir)
degerleri ¢ercevesinde de yapilabilir.

6. Istatistiksel Miihendisligin, Miihendislik
Arastirmalarinda  Kullammma  iliskin ~ Uygulama
Yontemleri Uzerine Ornekler

6.1. istatistik Miihendisliginde Varyasyon-Standart Sapma
Uzerine Temel Bilgi

Varyasyon~Degisim (variation) olan her ortamda bu degisimi
azaltmak icin istatistik yontemlerine bagvurulur. Istatistik
Miihendisliginde ise bu kavram “degisimi azaltmak” igin
sistematik bir algoritma” sunmay1 Onerir. Bu algoritma,
endiistride segilen siire¢ girdilerinin (input) ve g¢iktilarinin
(output) degerlerinin 6l¢iilmesinin  miimkiin oldugu orta
Olgekli tiretim siireglerine uyarlamaktir. Degisim (variation)
kelimesi hem ¢iktinin bir hedef degerinden sapmasi
(deviation) hem de ¢iktinin parcadan pargaya degisen degeri
anlaminda kullanilmaktadir. V6 pistonlarini iireten bir iglem

2V6 motor, tek bir kranki ceviren, {icerli iki swra halinde
alt1 silindirden olusan V_tipi motordur. 6 Silindirli Motorlar, Motor
blogu iizerinde 6 adet silindirin oldugu yapidir. Genellikle V seklinde
bir motor blogu tizerinde tgerli sekilde silindirler siralanarak 6
silindirli motor olusturulur. Biiyiik motorlu araglarda kullanilan 6
silindir yapist, aracin on kisminin da biiyiik olmasina neden olabilir.

stirecinde ¢ap i¢in hedef degeri 101.591 mm dir. Pes pese ii¢
pistonun mm tiirinden Olgiilen ¢aplart 101.592, 191.587,
101.598 oldugu saptanmistir. Pistonlarin higbiri hedef ¢apina
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sahip olmadigindan ve hepsinin farkli ¢aplar1 oldugundan her
iki anlamda da degisim goriilebilir. Problemler, azaltilmak
istenen degisimin dogasini yakalayan uygun performans
6l¢timleri tanimlanarak formiil tasarimina gidilecektir. Yiiksek
degisim kotii performansa, diisik miisteri memnuniyetine,

Sekil 1. Egzantirik mili

6.2. Algoritmanin Temeli Nasil Olusturulur?

Bir siirecin nasil ve neden oldugu gibi davrandigimin bilgisi
arttirilarak siiregte degisimi (variation) azaltacak uygun giderli
degisikliklerin ortaya cikartilacagi seklindeki inangtir. Siire¢
bilgisini arttirmanin bir yolu deneysel olarak 6grenmek, yani
gbzlem ve deneyle 6grenmektir. Iste istatistik burada devreye
girmektedir. Ciinkii Istatistik deneysel olarak nasil
davranilacagini 6greten bir bilim koludur. Istatistik, “Siirec
aragtirmast nasil planlanir ya da planlanmalidir?” ve “Eldeki
veri nasil yorumlanmalidir?” gibi sorulara yanitlar saglar.
Onerilen algoritma, istatistiksel ydntemlerin ve araglarin var
olan miihendislik bilgi ve teorisiyle birlestirilmesine baglidir.
Algoritma kullanilarak, siire¢ davranisiyla ilgili grenmek i¢in
bir veya birden ¢ok aragtirma planlanacak ve
gerceklestirilecektir.

Cogu kez, uygun maliyetli (giderli) olmalari i¢in, dnerilen
degisimler temel tasarim degisiklikleri veya siire¢ donanimini
degistirmek yerine diizenli (ayarli) bir duruma getirerek daha
iyi bir siire¢ kontrolii veya degisiklikleri igerirler. Bu diisiik
giderli degisimler genel degisimi azaltma yaklasimlarinin bir
kiimesi i¢ine simiflandirilmis ve bir yaklagimin erken goz
oniine alinmasini zorlayacak algoritma yapilandirilir.

Iste istatistiksel miihendisligin belirli amaglar bize asagidaki
eylemler i¢in yardime1 olacag diigiiniiliir:

e  Uygun giderli degisim azaltmanin nasil basarilacagiyla
ilgili stratejik olarak diisiinmeyi saglamak.
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hurdaya ¢ikarilmaya ve yeniden islemeye, karmasik akinti
yoniinde kontrol planlarma vb. yol agmaktadir. Eger bu
problemler coziilebilirse, giderler azaltilabilir ve kalite ve
performans gelistirilebilir.

N

o Degisim kaynaklarim ve bunlarin siire¢ gelisimindeki
roliinii anlamatk.

e Deneysel yontemlerin daha iyi nasil kullanilacagini; yani,
bir siire¢ arastrmasimin  sonuglarint - planlamanin,
uygulamanin ve analiz etmenin etkili ve verimli yollarimi
6grenmek.

Ana amag Onerilen algoritma kullanilarak dile getirilebilen
problem tiirlerinin Orneklerini ortaya c¢ikartmaktir. Yani
problemler tartisilmaya acik, fakat ¢oziim yollart devrede
olmayacaktir. Asagida verilecek 6rnekle algoritma, yaklasim
ve yontemleri uygulayarak kazanimlar nasil elde edilir onlart
gorecegiz.

6.3. Motor Miihendisliginden Bir Ornek: Motor Blogu
Sizintilar1 Problemi ve istatistiksel Coziim Onerisi

Sekil 1.2” de gosterildigi gibi, bir eksantrik milinin lobunun
geometrisi bir motorun islemesinde kritiktir. Eksantrik mili
loblarmin  dénmesi motor vanalarin  agilmasini = ve
kapanmasimni yonlendirmektedir. Goriintiilenen eksantrik
milinin {i¢ii beyaz oklarla gosterilen 12 lobu vardir.

Yandan goriildiigiinde, lobun tabani (merkez ¢izgisinden 60°)
ideal olarak bir ¢emberin yayidir. Sekil 1.3 bir lobun tabani
boyunca ideal, cemberden (mm olarak) sapmanin bir izidir.

Lob geometrisiyle iliskili olglilen alt1 kritik karakteristikten
taban ¢emberi salgisi tarihsel olarak en sorunlu oland1 ve bu
ylizden bir degisim azaltma aligtirmasinin odagi olarak
secilmisti. Taban ¢emberi (TC) salgis1 gercek lob
geometrisinin ideal gemberden (60° lik yay {izerinde en fazla
— en az) sapmasinin pozitif bir 6l¢limiidiir. 0.000 mm lik bir
deger tabanin tamamen dairesel oldugu anlamina gelmektedir.
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Izin verilebilir en fazla TC salgist 0.040 mm veya 40
mikrondur.

12 giin boyunca giinde 9 parga olmak iizere 108 pargalik bir
ormek toplanmustir ve her eksantrik mili lizerinde 12 lobun her
biri i¢in TC salgist Olgililmistiir. (mikron cinsinden
kaydedilmis) 1296 salgi Olglimii ve loblarin diger bazi
geometrik karakteristikleri camshaft lobe runout baseline
(eksantrik mili lob salgisi taban ¢izgisi) dosyasinda mevcuttur.
Tiim loblar iizerindeki salg1 degerlerinin bir histogrami Sekil
1.4 da gosterilmistir.

Tiim loblar i¢in TC salgis1 sartname siirinin ¢ok altindaydi
ama bu kritik karakteristigin motor performans: iizerindeki
etkileri nedeniyle, yonetim siireci gelistirmek i¢in bir proje
baslatmistir. Burada amag siireci histogramin sag kuyrugu sola
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kayacak ve loblarin daha biiyiik bir miktari sifira yakin salgiya
sahip olacak sekilde degistirmekti. Salgimin pozitif olmasi
gerektiginden, siireci tob loblar iizerindeki alt salgiya gore
ayarlamak miimkiin degildi. Bu baglamda, degisim azaltilmast
yapilir ki bunun anlami salgilar1 hedef degeri olan 0 mikrona
yakin olan daha yiiksek miktarda lob olacagidir.

Tek yonlii bir sartnamesi ve fiziksel bir alt sinir1 olan diger
bircok siirec karakteristigi vardir. Ornekler arasinda
plriizsiizliikk, gozeneklilik, koniklik v.b. vardir. Bu tiir
karakteristikler cinsinden tanimlanmis siire¢ performansi
hedef degeri civarindaki degerlerin yogunlugu arttirtlarak
gelistirilebilir. Yani, hedef degeriyle ilgili siire¢ ¢iktisindaki

degisim azaltilir.

Sekil 2. Eksantrik mili (Eksantrik mili de motor ile baglantili olarak islem yapan bir arag i¢i parcadw: Arag i¢lerinde yer alan

supaplarin gerekli zamanda agilip kapanmasini saglayan ve tizerinde kam bulunan kiiresel demir ya da ¢elik alagimdan yapilan bir

sistemdir) [18].

Sekil 3. Idealden lob sapmast
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Sekil 4. Eksantrik mili lob TC salgisinin histogram (kesikli ¢izgi sartname simirimi vermektedir).

7. Sonug

Siireg ¢iktilarinda degisimi azaltmak siire¢ gelisiminin kilit bir
parcasidir. Siireg degisimini azaltmak icin Istatistiksel
Miihendislik olarak adlandirilan bir algoritmanin etrafinda bir
yapilandirma gerekliginin 6nemine vurgu yaptik. Algoritmalar
Ornegin liretim ve montaj siireglerinde mevcut yiiksek ile orta
Olgekli kronik problemleri ¢ozmek igin tasarlanirlar.
Algoritmanin ana temeli eger bir siirecin nasil ve neden yaptigi
gibi davrandigiyla ilgili bilgi arttirilirsa degisimi azaltacak
stirecte uygun maliyetli degisiklikler kesfedilecegi seklindeki
bir inang olduguna inaniyoruz.

Siirec bilgisini azaltmanin kilit bir yolunu agiklarsak deneysel
olarak-yani, gozlem ve deneyle-6grenmektir. Biz de
calismamizda Deneysel arastirmalari planlamak ve analiz
etmek icin kisaca SPVAS (Soru, Plan, Veri, Analiz, Sonug)
olarak bilinen bir gerceveyi detayli bicimde kullandik gerek dil
konusunda gerekse mithendislik deneysel arastirmalarda nasil
kullanildigna iligkin uygulamalardan soz ettik. Ciinkii SPVAS
cercevesi Istatistiksel Miihendislik algoritmasinin birgok
asamasinda uygun arastirmalarin sonuglarmi planlamaya,
analiz etmeye ve yorumlamaya yardimci olmak icin
kullaniliminin ¢ok 6nemli oldugunu deneysel problemlerle
gosterdik. Hangi veri olursa olsun mutlaka bir aragtirma igin
amag ve planlamanin bir algoritmanin evresinin, daha onceki
aragtirmalardan ortaya ¢ikmig sonuglarla ilgili bilgilerin, eger
konu miihendislik ise siire¢ ve bilgilerinin varligina bagl
oldugunun ulasmis olduk. Bu c¢alismayla
arastirmacilarin yaklasimlarin ve yontemlerin kullaniminda

sonucuna

giiven kazanmasina yardimct olmast igin alistirmalari cesurca

denemesi ve veri kiimelerini (hatta biiyiik veri ~ big data)
kesfetmesini tavsiye ediyoruz.
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Dogal Polimer Bazh Hidrojellerin Sentezi ve
Karakterizasyonu
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O7z: Biyomedikal uygulamalarda pek ¢ok kullanimi bulunan yumusak doku genisleticiler cerrahi uygulamalarda karsimiza ¢ikmaktadir.
Dental implantlarin osseointegrasyonunun saglanmasinda yumusak doku genisleticiler 6nemli bir rol oynamaktadir. Bu ¢aligmada,
kitosan (CS), hyaluronik asit (HA) ve jelatin (GEL) dogal polimerleri kullanilmigtir. CS, CS-HA, CS-GEL, GEL-HA ve CS-HA-GEL
hidrojellerinin sentezi gergeklestirilmistir. HAP ile hidrojel sentezinde gama radyasyon kullanilmistir. Fourier Doniistimlii Kizil6tesi
Spektroskopisi (FTIR) ve Taramal1 Elektron Mikroskobu (SEM) ile karakterizasyonlar1 yapilmistir. Dinamik sisme testleri distile suda
gerceklestirilmistir. Hidrojellerin sisme davraniglari ve sisme kinetikleri belirlenmistir. Capraz baglayici konsantrasyonunun ve farkli
capraz baglayicilarin (glutaraldehit (GA) ve hidroksiapatit (HAP)) sisme davramigina etkisi degerlendirilmistir. Hidrojellerin
diflizyonunda Fickian mekanizmasi1 goriilmiistiir. Sonuglar, en yiiksek kiitlece sigmeye ve en uygun sisme profiline sahip hidrofilik
yapilt CS-HA-1 hidrojelinin biyomedikal uygulamalarda yumusak doku genisletici olarak kullanilabilecegi gostermektedir..

Anahtar kelimeler:.Dogal polimerler, Doku genisletici, Hidrojel, Yumusak doku geniglemesi

Synthesis and Characterization of Natural Polymer Based Hydrogels

Abstract: Soft tissue expanders, which have many uses in biomedical applications, are also encountered in surgical applications. Soft
tissue expanders play an important role in ensuring osseointegration of dental implants. In this study, natural polymers chitosan (CS),
hyaluronic acid (HA) and gelatin (GEL) were used. Synthesis of CS, CS-HA, CS-GEL, GEL-HA and CS-HA-GEL hydrogels has been
performed. Gamma radiation was used in hydrogel synthesis with HAP. They were characterized by Fourier Transform Infrared
Spectroscopy (FTIR) and Scanning Electron Microscopy (SEM). Dynamic swelling tests were performed in distilled water. Swelling
behavior and swelling kinetics of hydrogels were determined. The effect of cross-linker concentration and different cross-linkers
(glutaraldehyde (GA) and hydroxyapatite (HAP)) on swelling behavior was evaluated. Fickian mechanism has been observed in the
diffusion of hydrogels. The results show that the hydrophilic CS-HA-1 hydrogel with the highest mass swelling and the most suitable
swelling profile can be used as a soft tissue expander in biomedical applications.

Keywords: Hydrogel, Natural polymers, Soft tissue expansion, Tissue expander

1. Giris icerisine alip siserken karakteristik olarak suda ¢6ziinmezler.
Yiiksek absorplama ve desorplama yetenegine sahip Hidrojellerin ag yapist ve hidrofilik fonksiyonel gruplar
hidrojeller, su varliginda suyun biiyiik bir kismimi ag yapilari absorplama yetenegini belirler. Hidrofilik gruplarin ¢okga

bulunmasi hidrojellerin sisme karakterini 6nemli Olgiide
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arttirir. Fonksiyonel gruplarinin ve ¢apraz baglarinin etkisiyle
hidrojeller, su icerisinde bir denge hacmine kadar kiitlesel ve
hacimsel artarken sekillerini kaybetmeden karakteristik olarak
siserler. Istenilen ozelliklere gore sentezlenebildiklerinden
hidrojeller, canli dokulara benzer essiz malzemeler arasinda
yer almaktadir [1,2]. Dogal polimerik hidrojeller canli
dokularda  toksik  etki  gostermediklerinden  yliksek
biyouyumludur. Ozellikle biyoteknoloji ve doku mithendisligi
alaninda dogal polimerik hidrojeller 6nemli malzemeler
arasinda yer almaktadir [3].

Yumugak ya da sert dokularin geniglemesi, varolustan beri
devam eden fizyolojik olaylarin sonucunda meydana
gelmektedir. Doku genisletme, dokulardaki eksikliklerin,
mevcut dokuyla benzer yapili dokularin, farkli teknik, islem ve
farkli malzemelerin kullanilmasiyla yeni dokularm elde
edilerek doku eksikliginin giderilmesidir [4]. Plastik cerrahi ve
dental uygulamalardaki doku kayiplarmm giderilmesinde
yumusak dokularin genisletilmesi siklikla kullanilmaktadir.
Cok sayida ve gesitte biyomalzemeler ile istenilen sekil ve
boyutta tasarlanabilen hidrojeller, yumusak doku genisletici
olarak kullanilmaktadir [5].

Osseointegrasyon, implant ve kemik dokunun birbiriyle
entegrasyonudur. Dental implantlarin basarisi
osseointegrasyonun saglanmasiyla dogrudan iliskilidir [6].
Greftleme isleminde otojen kemik greftlerinin beslenmesi ve
vaskiilarizasyonun  saglanmasi, eksik kemik dokunun
tamamlanmasinda ¢ok Onemlidir. Otojen kemik greftleme
tekniginde kullanilan bu yontem, gerilim olusturmadan primer
kapatilma ve dokudaki mevcut yapmin bozulmadan
vaskiilarizasyonun saglanmasinda yiiksek potansiyelli ¢6ziim
olarak goriilmektedir [7,8].

2. Literatiir Ozeti

1957 yilinda ilk kez travmatik kulak deformitesi hastalarinda
preaurikiiler cildin genisletilmesi i¢in balon teknigini kullanan
Neumann, lateks balon ile yumusak doku genisleticileri
kullanan ilk cerrah olmustur [9].

Austad vd. (1982) silikon balon membranini gegirgen hale
getirerek, ¢evre dokulardan ekstraselliiler sivilar1 ozmotik
kuvvetlerle igine ¢ekerek kendiliginden sisen yumusak doku
genisleticileri ortaya koymuslardir [10].

Downes vd. (1992) biyouyumlu 6zellikte, ozmotik kuvvetlerle
sisen ve genisleyen poli (hidroksietil metakrilat) (pHEMA)
hidrojelini doku genigletici olarak kullanmiglardir. Literatiirde
ilk kez hidrojeller doku genisletici olarak kullanilmigtir [11].

Wiese (1993) 2-vinil pirolidon-ko-metilmetakrilat hidrojelini
kullanarak literatiire yeni bir doku genisletici hidrojel
kazandirmigtir.  Yaptigi  c¢alismayla hidrojellerin  doku
genisletici olarak kullanilabilecegini kanitlamistir [5].

Zeiter vd. (1998) yumusak doku genisletici destekli greftleme
teknigini  endosseous dental implant uygulamasinda
kullanmiglardir. Yumusak doku genisleticilerle desteklenen
greftleme tekniginde siirecin kolaylastigi ve yiiksek basari
sagladig1 sonucuna ulagsmislardir [12].

Von See vd. (2010) kemik greftleme uygulamalarinda yeni
olusturduklari1  yumusak  doku  genisletici  hidrojeli
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kullanmiglardir. Dokularda ag¢ilma, enfeksiyon ya da
komplikasyon goriilmeden yumusak dokunun miktarca
artisinin - basarili  sekilde gergeklestigini  gdstermislerdir.
Calisma sonucunda yumusak doku genisletici hidrojellerin
kullaniminin  uygulamalardaki pozitif yanlarin1 ortaya
koymusglardir [8].

Yumusak doku genisleticilerin biyomedikal uygulamalardaki
basaris1  dikkat ¢ekmektedir. Bu ¢alismanin  amaci,
biyomedikal uygulamalarda kullanilmakta olan yumusak doku
genisletici hidrojellere alternatif olusturabilecek, literatiirden
farkl1 biyopolimerler ve ¢apraz baglayicilarin kullanildig: yeni
yumusak doku genisletici hidrojeller ortaya koymaktir.

Bu amag¢ dogrultusunda CS, CS-HA, CS-GEL, GEL-HA ve
CS-HA-GEL hidrojelleri  sentezlenmistir.  Hidrojellerin
karakterizasyonu ve sisme kinetikleri incelenmistir. Capraz
baglayict konsantrasyonunun ve farkli ¢apraz baglayicilarin
(GA ve HAP) sisme davranisina etkisi incelenmistir.

3. Materyal ve Yontem

Bu ¢alismada kullanilan tiim kimyasallar herhangi bir islem
uygulanmadan  dogrudan  kullanilmigtir.  Hidrojellerin
sentezinde kullanilan kitosan (CS), hyaluronik asit (HA),
jelatin (GEL), glutaraldehit (GA), hidroksiapatit (HAP), N,N'-
Metilenbis (Akrilamid) (MBA), potasyum persiilfat (KPS) ve
asetik asit Sigma-Aldrich’ten satin alinmistir. Hidrojellerin
dinamik sigme testleri distile su igerisinde gergeklestirilmistir.

3.1. Hidrojellerin Sentezi

Tablo 1. Hidrojel formiilasyonu

Hidrojel CS (@) HA (g) GEL (g)Capraz Baglayici

Cs-1 01 GA (%0.6)

cs-2 0.2 GA (%0.4)
CS-HA-1 0.2 0.01 GA (%0.4)
CS-HA-2 02 0.01 HAP (0.01g)
CS-GEL 02 002  GA (%0.4)
GEL-HA 002 25 MBA/KPS (0.01g)

CS-HA-GEL 02 001 002  GA (%0.4)

Hidrojellerin sentezinde kullanilan polimer ¢esitleri, polimer
miktarlar1 ve ¢apraz baglayicilart Tablo 1°de verilmistir.

CS-1, CS-2, CS-HA-1, CS-GEL ve CS-HA-GEL -20 °C’de
dondurarak jellestirilmistir. CS-GEL oda sicakliginda serbest
radikal zincir polimerizasyonu ile jellestirilmistir. CS-HA-2, 3
kGy/saat’lik gama radyasyon kaynagi (Co-60) kullanilarak
(NORDION, JS9600, IR-185, KANADA) ile 25 kGy’de
1ginlanmustir.

Sentez sonrasinda kuru agirliklardaki degisimlerden (1) ile
hidrojellerin jellesme ytlizdeleri hesaplanmaktadir [15].

Wy
Jellesme (%) = (—) x 100
W1

(1)

Burada w1 hidrojelin sentezi sonrasindaki kuru agirhigi ve w2
hidrojelin  ¢6zelti igerisinde sismesinden sonraki kuru
agirhgmi gostermektedir [15].

Sekil 1-6’da polimerlerin ¢apraz baglayicilar ile baglanmasi ve
hidrojellerin olusum mekanizmalar verilmistir.
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Sekil 5. CS-GEL ’in olusum mekanizmast [17]

GEL-HA’nin sentezinde ¢apraz baglayicist olarak 0.01 g
MBA kullanilmis ve 0.01 g KPS eklenerek 60°C’de 3 saat
polimerize edilmistir.

3.2. Karakterizasyon

Hidrojellerin molekiil yapisi, 400-4000 cm-1 dalga boyu
araliginda (BRUKER, VERTEX 70 ATR, ABD) ile Fourier
Dontigiimlit Kizilotesi Spektroskopisi (FT-IR) spektrumlari
alinarak ve yiizey yapilari, taramali elektron mikroskobu
(SEM) (FEI, QUANTA FEG 250, ABD) ile incelenmistir.

3.3. Sisme Calismalari

Hidrojellerin kiitlece yiizde sisme degeri (%S) ve denge
durumunda kiitlece sisme degeri (%Seq) (2) ve (3) ile
hesaplanmaktadir [15].

9%s=T0M) 100 2)
mp
%seF%x 100 3)

mo kuru jelin kiitlesi, mt t zamaninda sismis jelin kiitlesi ve m
« dengede sigmis hidrojelin kiitlesidir. Schott’un ikinci derece
esitligi kullanilarak kinetik analiz yapilabilir (4).

ds
@ ks (Seq - S)Z (4)

Burada dS/dt sisme hizi, ks sisme hiz sabiti, Seq hidrojelin t
anindan denge durumuna ulastigindaki sisme derecesi ve S, t
anindaki sigme degeridir. Esitlik 4’teki sinir kosullari t=0 igin
S=0 ve t=t de S=Seq olarak matematiksel olarak diizenlenir ve
integral alinirsa (5)’e donistiiriilebilir [18].

f—A+Bt (5)

N

Baslangigtaki [(dS/dt)o] sisme hizinm tersi A=1/ksSeq® Ve
dengedeki sigsmenin tersi olarak da B=1/Seq verilmistir (5) [19].

Fick kanunu hidrojellerin difiizyon tiriiniin agiklanmasinda ve
sisme  kinetiginin  belirlenmesinde temeldir.  Sisebilen
polimerlerin sigsme kinetigi (6)’da gosterilmistir [20].
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_ M _
F_Mw_kt“ (6)

Burada k difiizyon sabiti, Mt t anindaki ¢oziict kiitlesi, Me
denge halindeki ¢oziicii kiitlesi ve n ise penetrant taginim
mekanizmasini gosteren sigsme iistelidir [20].

Esitlik 6’nin logaritmik temelde yazilmasiyla (7) elde edilir
[21].

In(My /Ms,) =Ink +nint (7)

Esitlik 7 ile t’ye karst M/Moo’nin logaritmik eksen grafikleri,
k ordinati kesim noktas1 ve diflizyon iisteli n; InF ve Int
dogrusunun egiminden hesaplanabilmektedir. Diflizyon tiirii
sisebilen sistemlerde, n’ye bagli olarak belirlenmektedir [21].

Fick’in II. kanunun diizenlenmesiyle silindirik geometriye
sahip yapilarin difiizyon katsayist bulunabilir. Difiizyon
katsayis1 (D), InF/Int grafiklerinden hesaplanan difiizyon sabiti
k ve diflizyon isteli n’nin (8)’de kullanilmasiyla hesaplanir.
Burada r, cm cinsinden sismis hidrojelin yarigcap uzunlugudur
[21].
1
k

D = mr? (—)" (8)

4
4. Bulgular ve Tartisma

CS-2, CS-HA-1, CS-GEL ve CS-HA-GEL’in piiriizlii yiizey
ve gozenekli yapiya CS-HA-2’nin ise piiriizsiiz ve diizgiin
ylizey yapisina sahip oldugu goriilmektedir. GEL-HA
gdzenekli yapidadir. (Sekil 7). CS-2’de 3353.6 cm™!, CS-HA-
I’de 32843 cm’!, CS-HA-2’de 3273.4 cm’!, CS-GEL’de
3288.2 cm™! ve CS-HA-GEL’de 3353.4 cm™"’de yayvan olarak
gozlemlenen bant, molekiiller arasindaki hidrojen baglar1 ve
hidroksil gruplarinin (O-H) etkisiyle gerceklesmektedir [15].
Polimerlerin  temel piklerinden sp®  hibritlegmesinin
gerceklestigi C-H gerilme titresim bandi, CS-2’de 2874 cm-
’de, CS-HA-1’de 2874.4 cm™’de, CS-HA-2’de 2921.2 cm’!
ve 28724 cm’de, CS-HA-GEL’de 2873.7 cm'de
gOrilmiistir (Sekil 8).
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Sekil 7. SEM goriintiileri (100um) a)CS-2 b)CS-HA-1 ¢)CS-HA-2 d)CS-GEL ¢)GEL-HA f)CS/HA/GEL

% Transmittance

4095 3500 3000 2500

2000 1500 103 00

Wanvenambers (cm-1)

— (a) — (b)

—(d) —(e)

Sekil 8. FT-IR spektrumlart a)CS-2 b)CS-HA-1 ¢)CS-HA-2 d)CS-GEL ¢)GEL-HA f)CS-HA-GEL

CS-2’de 1582.5 cm™’de goriilen ‘Schiff base’ formasyonu
yani C=N imin spesifik bandi, kitosan zincirlerindeki amin (-
NH2) grubu ile GA’nin karbonil grubunun (C=0) reaksiyona
girdigini gostermektedir [22]. Reaksiyonun varligi ve
gozlemlenen  bant, yapmin  ¢apraz  baglandiginm
kanitlamaktadir. HA’nin yapisindaki karboksil gruplarmin
(C=0) gerilme bandi CS-HA-1’de 1556.8 cm™’de ve CS-HA-
2°de 1541.3 cm™’de gozlemlenmistir. CS-GEL’in 1600 cm!
civarindaki tepe noktasi C=0 egilme titresiminden
kaynaklanmaktadir. GEL-HA’da ise 1600 cm! civarinda C=0
germe titresiminin olusturdugu pik goriilmektedir (Sekil 8)
[23].

GEL-HA’nin 1615 cm™ ve 1415 cm™°deki pikleri, karboksil
gruplarinin  asimetrik  ve  simetrik germe titresimi
olusturmaktadir [24]. GEL bilesenlerinden kaynaklanan CS-
GEL’in 1546.3 cm™deki ve GEL-HA’nin 1546.3 cm™"deki
pikleri, C-N’nin germe titresimini ve ikincil amid N-H'nin
biikiilme titresiminden kaynaklanmaktadir [23]. GEL-HA’nin

1450 cm’deki tepe noktasi, C-O esneme bandini
gostermektedir [24]. CS-HA-1de 1405.8 cm™"de tepe noktasi
C-H biikiilme bantlaridir. CS-2’de 1377 cm-""deki pik ise O-
H gruplarinmm biikiilme pikidir (Sekil 8).

CS hidrojellerinin parmak izi bdlgesi olarak bilinen bdlgede,
CS yapisindan kaynaklanan spesifik eter bag1 (C-O-C) ve
primer alkollerin neden oldugu C-OH bag sirasiyla, CS-2’de
1150.8 cm! ve 1061.2 cm’de, CS-HA-1°de 1151.2 cm’,
1062.5 cm™’de ve 1027 cm™'de, CS-HA-2’de 1151.8 cm! ve
1026 cm™'de ve CS-HA-GEL’de 1151.2 cm™°de ve 1027.9 cm
"de goriilmiistiir. Ayrica HA’nin etkisiyle GEL-HA’de 1151.2
cm! ve 1062.5 cm’ arasinda C-O-C gerilim bantlar
olusmustur. GEL-HA’nin 1080 cm™’deki piki, C-H
biikiilmenin ester bandini1 gostermektedir (Sekil 8) [24].

CS-HA-1 ve CS-HA-2 FTIR spektrumlar karakteristik olarak
benzerlik gdsterse de CS-HA-2nin 600 cm™!”deki piki HAP
hidroksil iyonlarmin titresiminden kaynaklanmaktadir. Ayrica
CS-HA-2’deki 1026 cm™! ve 558.7 cm™"deki pikleri HAP taki
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fosfat egilme titresimini ifade etmektedir. 1060 cm™ civarinda
ve 897 em™!” deki tepe noktalar1 da HAP taki fosfat titregimi
ve fosfat gerilmesidir. CS-HA-2 FTIR spektrumu iizerinde
goriilen tiim karakteristik tepe noktalari, CS, HA ve HAP
arasinda herhangi bir kimyasal reaksiyon olugmadigini
kamitlamistir. Ayrica CS-HA-1’de 880 cm! civarindaki tepe
noktast CS ve HA’nn CHO gruplari arasinda olusan
reaksiyonu kanitlamaktadir (Sekil 8).

Sekil 8’deki CS-HA-GEL spektrumu iizerinde CS, HA ve
GEL’e ait karakteristik piklerin goriilmesi bu hidrojelde ti¢
polimerin varligini kanitlamaktadir [25].

Hidrojellerin FTIR spektrumu degerlendirildiginde, CS-2 ve
CS-HA-2’in Tagdelen ve digerleri, CS-HA-1’in Tomihata ve
Ikadan, CS-GEL’in Lv ve digerleri, GEL-HA’in Zhang ve
digerleri ve CS-HA-GEL’in Bazmandeh ve digerleri
tarafindan yapilan ¢alismalarda elde edilen verilerle uyumlu
oldugu goriilmiistiir (Sekil 8) [15, 23-26].

Hidrojellerin distile su igerisindeki kiitlece sismeleri (2) ile
hesaplanarak Sekil 9°da verilmistir.
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Sekil 9. Hidrojellerin kiitlece gigsmeleri

En yiiksek kiitlece sigme CS-HA-1’de goriilmistiir. CS’ye HA
eklenmesiyle kiitlece sismenin arttig1 saptanmistr (Sekil 9). Bu
durum HA’nm yiiksek su tutma yetenegi, yapiya esneklik
saglamasi ve gozenek boyutlarini arttirmasiyla olugmaktadir
[17]. CS-HA-GEL’nin CS-GEL, GEL-HA ve CS-HA-2’den
daha yiiksek; CS-HA-1’den daha diisiik kiitlece sismeye sahip
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oldugu goriilmistiir (Sekil 9).

Kiitlece en diisiik sisme ise CS-GEL’de goézlemlenmis ve
GEL-HA’nin kiitlece sismesi en diisiik olan ikinci hidrojel
oldugu belirlenmistir (Sekil 9). GEL’in kiitlece sismeyi
azalttigi saptanmistir. CS’ye GEL eklendiginde polimer
zincirleri arasinda fiziksel dolagsma gergekleserek yapinin
yogunlugu artmaktadir. Bu yogunluk artist da kiitlece
sismenin azalmasina sebep olmaktadir [23].

4.1 Sisme Kinetigi

Schott’un hidrojellerin yiiksek hacimlerde sismesini ikinci
derece kinetik ile agiklayan model (4) ve (5)’te tanimlanmustir.
Fick Kanunu ise hidrojellerin sigmesini transportun,
difiizyonun konsantrasyon gradiyentine bagliliyla
aciklamaktadir. Polimer yapilarin difiizyon mekanizmasindaki
“giic kanunu modeli” (6)’da verilmistir [27]. Gii¢ kanunu
modelinde (7) kullanilarak difiizyonel {istel n ve k degerleri
bulunur ve (8) ile hidrojellerin difiizyonu belirlenir.

Hidrojellerin distile suda dinamik sisme testleriyle kiitlece
sismelerinden t/S grafikleri olusturulmustur (Sekil 10).
0,45

0,4

0,05 M
0

0 10 20 30 40 50 60 70
t(dk)
—+CS-1 ~&-CS-2 ~#— CS-HA-1 CS-HA-2
=+=CS-GEL =o~GEL-HA CS-HA-GEL

Sekil 10. Hidrojellerin t/S oranlarinin zamana gore degisimi

Kiitlece sigsmeler (7)’de kullanilarak hidrojellerin InF/Int
grafikleri olugturulmustur (Sekil 11). t/S grafiklerinin egimi
(5)’te kullanilarak Seq (Teorik) ve ks degerleri hesaplanmistir.
InF/Int  grafiklerinin egimleri de (8)’de kullanilarak
hidrojellerin difizyonu belirlenmistir (Tablo 2).
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Sekil 11. Hidrojellerin InF/Int grafikleri a) CS-2 b) CS-HA-1 ¢) CS-HA-2 d) CS-GEL e) GEL-HA f) CS-HA-GEL

Tablo 2. Hidrojellerin jellesme yiizdeleri, Seq degerleri ve difiizyou

Hidrojel Jellesme (%) Seq (Teorik) Seq ksx100 kx100 n D (cm?/dk)
(Uygulama)

CS-1 92 434.8 728.3 0.003 36.8 0.18 4.31x10%

CS-2 86 833.3 882.1 0.09 80.1 0.04 3.71x10%

CS-HA-1 87 1250 1363 0.017 55.6 0.09 2.14x1010

CS-HA-2 91 1111 11245 0.027 67.5 0.07 1.60x1012

CS-GEL 84 303.1 490.8 0.007 4.04 0.49 6.3x1025

GEL-HA 84 370.4 630.5 0.017 14.8 0.26 2.54x10%

CS-HA-GEL 87 1111 1223.2 0.021 62.5 0.08 2.39x10712

Hidrojellerin sismesi Schott’un ileri stirdiigii modele ve ikinci 0.05 4

dereceden difiizyon kinetigine uymaktadir (Sekil 10). 0,08

Hidrojellerin sismesinin denge anina ulastig1 Seq (Uygulama) 0.07 |

ve hesaplanan Seq (Teorik) verileri birbirleriyle uyumludur '

(Tablo 2). 0.06 1

Hidrojellerin kiitlece sismeleri arttikga difiizyonlarinin da @ 0051

arttig1 gdzlemlenmistir. Hidrojellerin n degerleri 0.5’ten kiigiik 0.04 1

oldugundan Fickian difiizyon mekanizmasi goriilmiistiir. 0,03 -

Hidrojellerin jellesme yiizdeleri %84 ile %92 arasindadir 0.02 |

(Tablo 2).

0,01 -

4.2. Capraz Baglayic1 Konsantrasyonu Etkisi 0 . . . . . . ‘
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Sekil 12. Farkli konsantransyonda ¢apraz baglayici ile
sentezlenen CS hidrojellerinin kiitlece sismeleri

Sekil 13. Farkli konsantransyonda ¢apraz baglayict ile
sentezlenen CS hidrojellerinin t/S degigimi

CS-2 (%0.4 GA)’nin CS-1 (%0.6 GA)’e gore daha yiiksek
kiitlece sisme ve t/S oranina sahip oldugu gozlemlenmistir
(Sekil 12-13).
azalmakta ve

GA derisiminin artmasiyla kiitlece sisme
difiizyon hiz1 yavaslamaktadir. Capraz
baglayicinin yiiksek derisimde olmast polimer zincirlerinin
birbirine daha siki baglanmasma ve yapidaki bosluklarin
azalmasiyla daralmasina neden
olmaktadir. Bu durum yiiksek derisimde kiitlece sismede

azalma ve diflizyonda yavaglama meydana getirmektedir [28].

beraber gozeneklerin
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4.3. Farkh Capraz Baglayic1 Etkisi

CS-HA’da capraz baglayict olarak GA’nin tercih edilmesi
HAP’a gore daha yiiksek kiitlece sisme ve t/S orani saglamustir
(Sekil 14-15). HAP, polimer zincirlerini daha siki
bagladigindan daha az miktarda ¢oziici hidrojel yapisina
girebilmektedir. Bu durum HAP’in ¢apraz baglayici
kullaniminda daha diisik ve yavas kiitlece meydana
getirmektedir.
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Sekil 14. Farkh c¢apraz baglayicilarla sentezlenen CS-
HA’larn kiitlece sismeleri
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Sekil 15. Farkh ¢apraz baglayicilarla sentezlenen CS-
HA’larin ¢/S degisimi

5. Sonugclar

Yumusak doku genisleticiler, klinikte cerrahi uygulamalarda
kullanilmaktadir. Yumusak dokularin genisletilmesindeki
iistiinliikleri sebebiyle hidrojeller sik¢a tercih edilmektedir.
Biyomedikal alanda yumusak doku genisleticilerin pek gok
kullanim1  bulunmaktadir.  Ozellikle dental  implant
uygulamalarinda osseointegrasyonun saglanmasinda yumusak
doku genisleticiler hayati 6nem tagimaktadir.

Bu ¢aligmada, gelistirilmis difiizyon ve sigsme yetenegine sahip
yeni yumusak doku genisletici hidrojellerin belirlenmesi
amactyla kitosan (CS), hyaluronik asit (HA) ve jelatin (GEL)
biyouyumlu dogal polimerleri kullanilmistir. Hidrojelerin,
karakterizasyonu gerceklestirilerek distile sudaki gisme
kinetikleri incelenmistir.

CS-1, CS-2, CS-HA-1, CS-GEL ve CS-HA-GEL -20 °C’de
dondurarak ve CS-GEL serbest radikal zincir polimerizasyonu
ile oda sicakliginda jellestirilmistir CS-HA-2 gama
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radyasyonla 1ginlanarak sentezlenmistir. Hidrojellerin jellesme
yiizdeleri %84-92 arasindadir. FTIR spektroskopisi ve SEM
analizleri literatiirdeki ¢aligmalarla uyumludur ve hidrojellerin
basarili sekilde hazirlandiginin kanitidir.

Capraz baglayict konsantrasyonunun artmasiyla kiitlece
sismenin ve sisme hizinin azaldigi belirlenmistir. Capraz
baglayicinin yiiksek derisimde olmasi polimer zincirlerinin
birbirine daha siki baglanmasina neden oldugundan hidrojel
yizeyindeki gozenekler daralmakta ve kiitlece sismede
azalmaktadir. Caprak baglayict olarak GA kullaniminin
HAP’a gore daha fazla ve daha hizli kiitlece sismeye neden
oldugu gozlemlenmistir. HAP, polimer zincirlerini daha siki
bagladigindan hidrojel igerisine daha az miktarda ¢oziicii
molekiil girebilmektedir. Bu durum da kiitlece daha az ve
yavag sismeye neden olmaktadir.

CS-HA-1 en yiiksek kiitlece sismeye sahiptir. HA’nin yiiksek
miktarda su tutma kabiliyeti bilinmektedir. CS’ye HA ilave
edilmesiyle hidrojel yapisimin esnekligi ve gdzenek boyutlar
artmistir. GA gapraz baglayicist CS ve HA zincirleri arasinda
ideal baglanma saglamistir. CS’ye HA eklenmesiyle kiitlece
sigsme kabiliyetinde geligme saglanmistir. CS-GEL ise kiitlece
en disik sisme gostermisti. CS’ye GEL eklendiginde,
polimer zincirleri birbirleriyle fiziksel olarak dolagsmaktadir.
Bu durum hidrojel yapisinin yogunlugunu arttirdigindan
kiitlece sisme azalmaktadir. GEL’in kiitlece sismeyi
diisiirdiigii saptanmistir. Hidrojellerin sismeleri Schott’un ileri
stirdiigi modele ve ikinci dereceden difiizyon kinetigine
uymaktadir. Kiitlece sisme yiizdeleri arttikca difiizyon
katsayilar1 da artmaktadir. Hidrojellerin n degerleri 0.5’ten
kiigtiktiir. Fickian diflizyon mekanizmasi goriilmistiir.

Veriler, en yiiksek kiitlece sigmeye ve en uygun sisme profiline
sahip hidrofilik yapili CS-HA-1 hidrojelinin biyomedikal
uygulamalarda ~ yumusak  doku  genigletici  olarak
kullanilabilecegi gostermektedir.
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Oz Bu ¢alismada, PES kisminda virjin lif veya geri doniistiiriilmiis lif kullanilmas1 yoluyla iiretilen belirli bir renge sahip PES/CO
karigimi1 kumasin iplik ve kumas performans 6zelliklerinin karsilagtirilmasi amaglanmistir. Virjin elyaftan kumas tiretimi ile geri
doniistliriilmiis elyaftan kumas {iretimi arasinda iiriin performans 6zelliklerinin karsilastirilmasinin 6tesinde, bu iiretim rotasinin
cevresel etkilerinin ortaya ¢ikarilmasi da amaglanmigtir. Elde edilen sonuglara bakildiginda, PES/CO karisimli kumayg tiretimi sirasinda
virjin elyaf yerine geri doniistiiriilmiis poliester kullanilabilecegi ve renk ve haslik agisindan oldugu kadar, kumasin genel goriiniimii
ve fiziksel-teknolojik 6zellikleri agisindan da %100 virjin liflerden elde edilen kumasin sahip oldugu standartlara yakin olacagi
belirtilebilir. Ayrica geri doniistiiriilmiis lif kullanilmast durumunda bir atik geri doniistiiriildiigii icin 6nemli ¢evresel faydalar
saglanacag diisiiniilmektedir.

Anahtar kelimeler: Poliester/pamuk karigimi, virjin lif, geridéniisiim, ¢cevresel fayda.

Effect of Using Recycled PES versus Virgin PES in PES/CO Fabrics

Abstract: In this study, it was aimed to compare the yarn and fabric performance properties of a certain color PES/CO blended fabric
produced using virgin fiber or recycled fiber in the PES component. Beyond comparing the product performance characteristics
between the production of fabric from virgin fiber and the production of fabric from recycled fiber, it was also aimed to reveal the
environmental effects of this production route. According to the obtained results, it can be said that recycled polyester can be used
instead of virgin fiber during the production of PES/CO blended fabric and that it will be close to the standards provided by the fabric
produced from 100% virgin fiber in terms of color and fastness, as well as the general appearance and physical-technological properties
of the fabric. It is also thought that if recycled fiber is used, significant environmental benefits will be achieved due to the recycling of
waste.

Keywords: Polyester/cotton blend, virgin fiber, recycled, environmental benefit.

1. Giris sektoriinde geri doniisiim konusu giderek artan bir 6nem
kazanmustir.

Cevrenin korunmasi ve atiklarn geri doniisiimii, bilimsel ve

endiistriyel toplulugun karsi karsiya oldugu en oOnemli Tekstil atiklari, uygun bir geri doniisiim metodolojisi ile katma

zorluklardan ikisi haline gelmistir [1]. Bu nedenle tekstil degeri yiiksek tiriinlerin gelistirilmesi icin hammadde olabilir

[2]. Tekstil endiistrisinde yaygin kullanimi ve miikemmel
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performans: nedeniyle tiim diinyada poli(etilen tereftalat)
(PET) liflerine biiyiik bir talep vardir. PET lifleri her yil
diinyadaki  tim  lif tiirlerinin = neredeyse  %40’m1
olusturmaktadir. PET atiklarmin kullanilmasiyla rejenere PET
iiretim prosesinin daha az kirlilik ve diisiik iiretim maliyeti gibi
avantajlar1 vardir. Vigjin liflerle karsilastirildiginda, geri
dontstiiriilmiis liflerin kalitesi, ge¢mis yillarda bu liflerin
pazardaki yayilimi agisindan biiyliik bir kisitlayict faktor
olmustur [3]. Ote yandan karnisim kumaslar cesitli
avantajlarindan dolay1 tekstil sektoriinde yaygin olarak
kullanilmaktadir.

Karigimlar, fiziksel veya kimyasal ozellikleri bakimindan
farklilik gosteren birgok lif polimerinin olusturabilecegi
popiilasyon olasiliklarini ifade eder [4]. Karisimlar, giyim
konforunu optimize etmek ve ayrica moda sektdriine yeni
trendler sunmak amaciyla tiiketicilerin yiikselen taleplerini
karsilamak igin anahtar kelime haline gelmistir. Poliester
liflerinin pamuk veya viskon ile karisgimlar1 daha fazla
miktarda tiretilmektedir [5].

Poliester lifleri, yiiksek mukavemet, kolay yikanabilirlik, iyi
dayaniklilik ve aginma ile kirigmama gibi iistiin mekanik
ozellikleri nedeniyle tiim sentetik lifler arasinda birinci siray1
almustir [6]. Ote yandan poliester kumasglarin neme kars1 ¢ok
az ilgisi vardir, yani oleofiliktirler ve tilylenmeye egilimlidirler
[7]. Poliesterin seliilozik liflerle karigimindaki amag esas
olarak su emiciligi ve giysi konforunu artirmaktir [8].

Literatiirde geri doniistiiriilmiis liflerin kullanimina iligkin
gesitli caligmalar bulunmaktadir [9-14]. Ancak geri
doniistiiriilmiis pamuk ve poliester liflerinin PES/CO karigiml
kumas tiretiminde kullanimina yonelik ¢aligmalarin sayisinin
fazla oldugu sdylenebilir. Geri donistiiriilmiis kumagin
performans Ozelliklerinin virjin kumasla karsilagtirilmasi,
virjin elyaf yerine geri doniistiiriilmiis elyaf kullanabilme
potansiyelini anlamak i¢in faydali olacaktir. Dolayisiyla bu
caligmanin literatiire katki saglayacagi sdylenebilir.

Onceki ¢alismamizda PES/CO karisini kumasglarda virjin
pamuk elyafi veya geri doniistiirilmiis pamuk elyafi
kullanimina iligkin sonuglar verilmistir [15]. Bu ¢alismada,
PES kismmda vigjin lif veya geri doniistiirilmiis Lif
kullanilmast yoluyla iiretilen belirli bir renge sahip PES/CO
karistm1 kumasin iplik ve kumas performans &zelliklerinin
kargilastirilmas1 amaglanmaktadir. Virjin elyaftan kumas
dretimi ile geri donistiiriilmis elyaftan kumas {retimi
durumunda elde edilen {iriin performans &zelliklerinin
kargilastirilmasinin  6tesinde, bu iiretim rotasinin ¢evresel
etkilerinin de ortaya koyulmasi amaglanmaktadir.

2. Materyal ve Yontem

%50/50 PES/CO karigimi  kumaslar, virjin ve geri
doniistiirilmiis  poliester kullanilarak  dretilmisti.  Bu
kumaglarin boyanmasinda iki banyolu boyama yontemi
kullanilmustir. Ik asamada PES bileseni dispers boyalarla,
ikinci asamada ise pamuk bileseni reaktif boyalarla
boyanmustir. Daha sonra patlama mukavemeti (ISO 13938-2),
haslik (yikama ISO-105 CO06, kuru ve yas siirtme (ISO 105-
X12), su (ISO 105-E01), alkali ve asidik ter (ISO 105-E04),
tiikiiriik hashigt (GB/T 1886-2009)) testleri tiim kumas
numunelerine uygulanmistir. Ayrica numunelerin refleksiyon
(R%) degerlerinin  belirlenmesi igin Datacolor 850
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spektrofotometre (D 65/10°)  kullamlmustir.  Ardindan
Kubelka-Munk denklemi kullanilarak renk verimi (K/S)
degerleri asagida verilen formiile gore bulunmustur;

K/S =(1-R)?/2R (1)
R: Maksimum absorbsiyon dalga boyundaki refleksiyon degeri
K: Absorbsiyon katsayisi

S: Sagilma katsayisi

3. Bulgular ve Tartisma

Uretilen ipliklerin USTER test degerleri Tablo 1’de
verilmektedir.

Tablo 1. Ipliklerin USTER test degerleri

Ozellik 50% Virjin Pamuk 50% Virjin Pamuk /
/ 50% Geri
50% Virjin Déniistiiriilmiis
Poliester Poliester
Gramaj (g/m?) 169 195
Um % 10,4 14,9
Ince yer (- 0,5 41,5
50%)
Kalin yer 148,5 1230
(+50%)
Neps (-200) 479,3 3075
Neps (+280) 207,3 1050
Tiylulik (H) 5,71 7,28
Mukavemet 21,14 19,98
(cN/tex)
Elastikiyet 8,75 8,11
Iplik numarasi 30 30,2
(Ne)
Iplik CV (Ne) 0,83 1,5
Biikiim T/m 797 768
Biikiim % CV 4,54 4,07
Parafin 0,09 0,29
Ortalamast [pt]
Nem 5 6,30

Tablo 1 incelendiginde, virjin PES kullanilarak iiretilen 50/50
PES/CO karigimu iplik igin ince yer-kalin yer, tiiyliiliik, neps
gibi degerlerin olduk¢a iyi oldugu ancak %50 geri
donistiirilmiis poliester elyaf kullanildiginda bu degerlerin
bozuldugu goriilmektedir. Ancak iplik biikiimii, iplik
numarasi, mukavemet ve elastikiyet degerleri arasinda anlamli
bir fark gozlenmemistir.

Uretilen kumaslarin fotograflari Sekil 1°de verilmektedir.
Virjin ve geri doniistiriilmiis poliester liflerinden iiretilen
kumaslarin renk verimi (K/S) ve CIE L*a*b* degerleri Tablo
2’de verilmektedir.
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Sekil 1. Virjin ve geri doniistiiriilmiis poliester lifleri
kullanilarak iiretilen kumas numunelerinin fotograflar

Tablo 2. Virjin ve geri doniistiiriilmiis poliester liflerinden
iiretilen kumaslarin renk verimi (K/S) ve CIE L*a*b*
degerleri
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Ayrica  kumas  tutumlari  da  subjektif
karsilastirildiginda, terbiye islemleriyle 1iyi
dengelendigi ve virjin elyaftan {iretilen kumasla esit olmasa da

ona benzer bir performans elde edilebildigi sdylenebilir.

yontemle
tutumun

Uretilen kumaslarm (%50 Pamuk / %50 Poliester) maliyet
analizleri de yapilmis olup sonuglar Tablo 7°de verilmektedir.

Tablo 7. Geri doniistiiriilmiis ve virjin poliester liflerinden
iiretilen kumaslarin maliyet karsilagtirmasi

Maliyet Kalemi Virjin poliester yerine geri doniistiiriilmiis
poliester kullamilmas: durumunda maliyet degisimi

Kumag L* a* b* C* h° K/S _Pamuk (S/kg) 0

e Poliester (Virjin/Geri Déniistiirilmiis) ($/kg) +%13

Virjin 4089 5091 1791 53,97 1938 1139 T T
Geri Dimistirilmiss 4304 51,52 19,96 5525 21,18 13,51 O k) o
Boyama/Yikama ($/kg) 0
) . < - we_es les e . . Apre ($/kg) 0

Tablo 2’de verilen degerlerden geri doniistiiriilmiis poliester Toplam (S/ke) T

kullanilarak ~iiretilen kumasm renk niiansinin, virjin
poliesterden firetilen kumasa goére daha kirmizi (daha yiiksek
a* degeri) ve daha sart (daha yiiksek b* degeri) oldugu
sOylenebilir.

Numunelerin yikama, su, kuru ve yas siirtme, alkali ve asidik
ter ve tiikiiriik haslig testi (Iekelenme) sonuglart Tablo 3-5’te
verilmektedir. Her bir haslik testi i¢in renk degisim degerleri
her iki kumas tipi i¢in de 4/5 olarak bulunmustur.

Tablo 3. Geri doniistliriilmiis ve virjin poliester liflerinden
iiretilen kumaslarin yikama ve su hasligi test degerleri

Yikama Hashg Su Hashg

WO PAC PES PA CO CA WO PAC PES PA CO CA
SO0t irin Pamuke/ 4/s 4/ 4/s a/s 4fs 4/5 4/5 4fs 4/5 4/5 4/5 45
b mares M5 /S 4[5S 2/3 4 3/4a 45 afs 45 4 4 4

Tablo 4. Geri doniistliriilmiis ve virjin poliester liflerinden
iiretilen kumaslarin alkali ve asidik ter haslig test degerleri

Asidik Ter Hashgi Alkali Ter Hash&
WO PAC PES PA CO CA WO PAC PES PA CO CA
$0% Viriin Pamuk/ 45 45 A5 45 45 M5 A5 45 45 45 A5 45
45 45 45 34 4 45 M5 A4S 45 34 4 45

3 am:
50% Geri Déniistiriilmis PES

Tablo 5. Geri doniistliriilmiis ve virjin poliester liflerinden
iiretilen kumasglarin tiikiiriik ve siirtiinme haslig1 testi degerleri

Tiikiirik Hashg:
WO PAC PES PA CO CA Kuru Yas
50% Virjin Pamuk /

Freiein P 45 45 45 45 45 45 45 34

50% Virjin Pamuk / 4
50% Geri Déniistiriilmiis PES

Siirtme Hashg

4/5 4 34 34 34 a5 3/4

Genel olarak virjin PES veya geri doniistiirilmiis PES
kullanilarak tiretilen kumaglarin haslik degerlerinin oldukea iyi
oldugu soOylenebilir ancak geri donistiriilmiis elyaf
kullanilmast durumunda haslik degerlerinin 6zellikle PA
iizerindeki lekelenmede bir miktar diistiigii sdylenebilir.
Kumas numuneleri ayn1 zamanda patlama mukavemeti
acisindan da test edilmistir ve sonuglar Tablo 6’da
verilmektedir.

Tablo 6. Geri doniistiiriilmiis ve virjin poliester liflerinden
iretilen kumaslarin patlama mukavemeti degerleri

Patlatma Mukavemeti
KPA mm Saniye
50% Virjin Pamuk / 50% Virjin PES 233 2842 19

50% Virjin Pamuk / 50% Geri Doniistiiriilmiis PES 195 59,52 20,4

Tablo 6’dan goriilebilecegi gibi, geri donistiirilmiis lif
kullanilan kumaslarin patlama mukavemeti daha disiiktiir.

Tablo 7 incelendiginde geri doniistiriilmiis lif iceren
kumaslarin iiretim maliyetlerinin %100 virjin lif kullanimma
gore daha yiiksek oldugu goriilmektedir. Bu durumun nedeni
geri doniistiiriilmiis PES lifinin daha pahali olmasi ve
dolayistyla geri donistiirilmiis PES’ten iplik {retim
maliyetinin daha yiiksek olmasidir. Orme, boyama ve terbiye
islemleri her iki kumasta da ayni oldugundan bu iglemler
acisindan maliyet farki olusmamaktadir.

4. Sonug

Yapilan ¢aligmalar sonucunda PES/CO karigimi kumays tliretimi
sirasinda virjin elyaf yerine geri donistiirilmiis poliester
kullanilabilecegi ve bu kumasin 6zelliklerinin renk ve haslik
acisindan oldugu kadar kumasin genel goriinimii ve fiziksel-
teknolojik 6zellikleri agisindan da %100 virjin liften {iretilen
kumasgin sagladigi standartlara yakin olacagi sOylenebilir.
Ayrica geri doniistiirilmiis lif kullanilmast durumunda
atiklarin  geri  doniistiiriilmesi nedeniyle 6nemli g¢evresel
faydalar elde edilecegi diistiniilmektedir.

Deneysel sonuglara gore, PES/CO karistmi kumaslarin PES
bileseninde geri doniistiiriilmiis lif kullanilmasi durumunda,
PES/CO karigtmi kumasta geri doniistiiriilmiis pamuk
kullanilan 6nceki ¢aligmamiza [12] kiyasla mekanik
performans agisindan daha basarili sonuglar alinabilecegi
soylenebilir.
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