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Abstract

Glaucoma is a disease that causes an abnormal increase in intraocular pressure and therefore causes permanent damage to the optic
nerves. Early and accurate diagnosis of the disease, known as the most "insidious" disease among eye diseases, is important. In this
study, glaucoma prediction application was performed from high-resolution fundus photographs taken from an open-source database.
Correlation, energy, homogeneity, contrast and entropy features were extracted from the segmented photographs using the gray-level
co-occurrence matrix. Extracted features were divided into 66% test and 33% training after taking their average values. A 3-fold cross-
validation was applied to the data and a feedback artificial neural network, classification and regression trees algorithm and k nearest
neighbor algorithm were trained using 66% of the data. Classification success was also tested with 33% of test data. As a result,
glaucoma and healthy individuals were classified with an average of 86.7% accuracy with the k nearest neighbor algorithm, an average
of 87.8% accuracy with the decision trees, and an average of 96.7% accuracy with the artificial neural network algorithm. According to
the results obtained, it was seen that glaucoma disease could be detected with high accuracy with the gray-level co-occurrence matrix
features of glaucoma disease.

Keywords: Artificial Neural Network, Fundus, Classification and Regression Tree, Glaucoma, Gray level Co-occurrence matrix, K-
nearest neighbor.

Gri Seviye Es Olusum Matrisi Oznitelikleri ile Glokom Hastahginin
Tespit Edilmesi

Oz

Glokom, g6z i¢ basincinin anormal bir bigimde artmasina neden olan ve bu sebeple gérme sinirlerinde kalict hasara yol acgan bir
hastaliktir. G6z rahatsizliklari igerisinde en “sinsi” hastalik olarak bilinen hastaligin erken ve dogru teshisi 6nemlidir. Bu ¢aligmada,
acik kaynak bir veri tabanindan alinan yiiksek ¢oziiniirlikli goz dibi (fundus) fotograflarindan glokom tahmini uygulamasi
gerceklestirilmistir. Segmente edilmis fotograflardan gri seviye es olusum matrisi kullanilarak korelasyon, enerji, homojenlik, kontrast
ve entropi Oznitelikleri ¢ikarilmustir. Cikarilan Oznitelikler, ortalama degerleri alindiktan sonra %66 test ve %33 egitim olarak
ayrilmugtir. Verilere 3 kat ¢apraz dogrulama uygulanmig ve verilerin %66°s1 kullanilarak geri beslemeli bir yapay sinir ag1, siniflandirma
Ve regresyon agaglar1 algoritmasi ve k en yakin komsuluk algoritmasi egitilmistir. %33 test verisi ile de siniflandirma basarisi test
edilmistir. Sonug olarak, k en yakin komsuluk algoritmasi ile ortalama %86,7 dogruluk, karar agaglar1 ile ortalama %87,8 dogruluk ve
yapay sinir ag1 algoritmasi ile de ortalama %96,7 dogruluk ile glokom ve saglikli bireyler siniflandirilmistir. Elde edilen sonuglara gore

glokom rahatsizliginin gri seviye es olusum matrisi Oznitelikleri ile glokom hastaliginin yiiksek dogrulukta tespit edilebildigi
gOrillmiistiir.

Anahtar Kelimeler: Yapay Sinir Ag1, Goz Dibi Fotografi, Siniflandirma ve Regresyon Agaci, Glokom, Gri seviye Es olusum matrisi,
K-en yakin komsuluk.
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1. Introduction

Glaucoma is a disease caused by increased intraocular
pressure, which damages the main optic nerve of the eye, called
the optic nerve. Glaucoma is an insidious disease that requires
careful examination, which can be noticed in the very last stages
of the disease. When glaucoma is detected late, it can cause
serious damage to the optic nerves that cannot be compensated. If
the necessary early intervention is not performed, it may result in
blindness. It usually occurs when the eye nerves are negatively
affected by this pressure, as a result of the inability of the
intraocular fluid to drain from the eye canals and the increase in
intraocular pressure. (Balci, Eraslan ve Temel, 2015). It is
estimated that more than 67 million people worldwide are affected
by glaucoma and 10% of these patients are at risk of blindness. It
is estimated that 79.6 million people in the world may be affected
by glaucoma by 2020 and 11% may be at risk of blindness. (Satir,
2015). There is no known cure for the progression of glaucoma.
In the loss of nerve tissues, they cannot be regenerated and are
irreversible. Vision may be lost. In advanced cases, only
treatments aimed at preserving the patient's remaining vision can
be applied. Therefore, early diagnosis of the disease is vital (
Ozkava et al., 2018).

Glaucoma detection can usually be done with very expensive
methods such as Optical Coherence Tomography (OCT) and
Hidelberg Retinal Tomography (HRT) (Nayak, Acharya U., Bhat,
Shetty ve Lim, 2009). In order to be an alternative to these
methods and to make an automatic diagnosis of glaucoma,
glaucoma detection was performed by using fundus images and
machine learning methods in this study. Medical innovations that
increase the average life expectancy and quality of today's people
mostly owe their development to the applications of the
breakthroughs in technology in the field of medicine. For
example, the development of medical imaging, image processing
and data analysis techniques provides great convenience in the
diagnosis and diagnosis of diseases. In addition, the use of
classifier systems in medical diagnosis is increasing. Recent
developments in the field of artificial intelligence have also led to
developments in medical applications. Moreover, in recent years,
computing tools have been designed to enhance the experience of
doctors and medical professionals in making decisions about their
patients. Expert opinion is still the most important factor in the
diagnosis in the evaluation of the data obtained from the patients.
However, today, it is tried to develop supporting tools for experts
by using different artificial intelligence techniques. Classification
systems can help diagnoses work more efficiently as well as
increase the accuracy and reliability of diagnoses and minimize
potential errors. Studies in the literature on these issues are
increasing day by day (Abhishek et al., 2012; Delican et al., 2011;
Ilkugar, 2015; Rouhani & Haghighi, 2009; Tomar & Agarwal,
2015).

In this study, it was aimed to distinguish the disease by using
data obtained from high-resolution fundus images of healthy
people diagnosed with glaucoma. The average of the gray level
co-occurrence matrix features extracted from the fundus
photographs of patients and healthy individuals were taken and
compared with 3 different classification methods. In the second
part of the study, the database used, the gray level co-occurrence
matrix and the classification methods used are introduced, and in
the third part, the analyzes are given. In the last section, the results
and evaluations are presented.

e-ISSN: 2148-2683

2. Material and Method

As can be seen in Figure 1, the study consists of creating the
data set, extracting the features, and classification. As a result, it
is expected that glaucoma and normal eye images can be
distinguished.

= Normal
2 |KNN

g

8

«= |CART

‘@

& |ANN

= Abnormal

Figure 1. Block diagram of the study.
2.1. Dataset

In this study, images belonging to the "High Resolution
Fundamental Images (HRF) Database" provided as open source
by Friedrich-Alexander University Erlangen - Niirnberg were
used. A research group created this database to support
comparative studies on retinal fundus images using automatic
segmentation algorithms. The dataset contains 30 images, 15 of
which are healthy and 15 of which are from glaucoma patients.
The images were captured with a Canon CR-1 fundus camera with
a45° field of view (Budai, Bock, Maier, Hornegger ve Michelson,
2013). Sample eyeball images of healthy and sick people in the
database are shown in Figure 2. In the figure, the photo of the
fundus of the eye with glaucoma, the photograph of the fundus of
the healthy individual and the segmented forms of these
photographs are given. The features used in the study were
extracted from the segmented images.

Figure 2. a) Fundamental image of an individual with glaucoma,
b) Segmented image of the fundus of the eye with glaucoma, c)
Fundamental image of a healthy individual, d) Segmented image
of the fundus of the healthy eye.

2.2. Gray Level Co-occurrence Matrix

The Gray Level Co-occurrence matrix method is based on a
second-order statistical image prediction that deals with the
relationship between pixels or groups of pixels. It is a method of
extracting features from RGB images to detect and classify
images. In the method described by Haralick, 14 different image
features are extracted for gray level differences between two
pixels (Haralick, Shanmugam ve Dinstein, 1973). In this study, it
was tried to classify patients and healthy people by using
correlation, contrast, homogeneity, energy and entropy features.
The expressions of the features used can be listed as follows:
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e Correlation: It is a measure of gray level dependencies in the
image as expressed by equation (1). Shows how pixels relate
to their neighborhoods. Where ox and oy are the mean of the
rows and columns of the probability density function Pj; used
in the equations, oy and oy are the standard deviation of the
rows and columns of the probability density function Pj;.

2 P(i.J) = mm,
i
O'XO'y 1)

e Contrast: It examines the intensity and gray level changes of
pixels in the image and their neighboring pixels. It is
expressed by equation (2).

L2
> li—i PG, j)
) @)
e Homogeneity: It is a measure of the distribution and

closeness of the elements in the gray-level co-occurrence
matrix of the image. It is shown by equation (3).

T1+]i- || o)

e Energy: It is a measure of homogeneity of the image as
expressed by Equation (4). Energy varies in direct
proportion to homogeneity.

2 PG, j)°
E @

e Entropy: Indicates the level of spatial irregularity of the gray
levels in the image. It shown by equation (5).

—ZP(i,j)Iog P(i, j)
E )

Sample eyeball images of healthy and sick people in the
database are shown in Figure 2. In the figure, the photo of the
fundus of the eye with glaucoma, the photograph of the fundus of
the healthy individual and the segmented forms of these
photographs are given. The features used in the study were
extracted from the segmented images.

2.3. Artificial Neural Network (ANN)

Artificial neural network (ANN) is a system that tries to
imitate the working logic of the brain. ANN consists of layers.
Weighted connections are used and parallel and distributed
computing is done with interconnected processing elements. It
can be realized with electronic circuits as hardware or as software
in computers. (Basheer ve Hajmeer, 2000).

2.4. Classification and Regression Tree (CART)

The classification and regression tree method was first
developed by Breiman et al. in 1984. (Breiman vd., 1984). The
classification and regression tree method is a non-parametric
statistical method that uses categorical and continuous variables.
When the dependent variable used is categorical, the CART is a
classification tree, when continuous, it is a regression tree
(Deconinck vd., 2005).

e-ISSN: 2148-2683

The CART algorithm basically creates a structure called a
"decision tree" using historical data. Then it can classify the new
data using the decision tree (Kantardzic, 2011). The most basic
condition to be able to use CART is that you need to know the
number of classes beforehand. CART uses historical data, which
we can call learning data, whose classes we know, when
constructing the decision tree. The decision tree basically consists
of yes/no questions that break down the learning data into smaller
pieces at each step (Rutkowski, Jaworski, Pietruczuk ve Duda,
2014). Learning data can continue to be split until each branch of
the tree points to a class. A CART analysis usually consists of
three steps. In the first step, a tree is created that closely describes
the training set. This tree is called a maximal tree and is grown
using the binary split procedure. In the next step, the overgrown
tree is pruned. During this procedure, a set of less complex trees
is derived from the maximum tree. In the last step, the tree with
the most suitable tree size is selected using the cross validation
procedure (Breiman vd., 1984).

The CART method is stable against outliers in the input data.
Another advantage of the CART algorithm is that it is independent
of the individual transformations applied to the input data. For
example, the user can use the logarithmic expression or square
root of a variable, if necessary. This transformation will not affect
the decision tree. However, the CART algorithm can generate an
unstable tree structure in some cases. For example, removing a
few critical values from the input data can lead to very serious
differences in the structure of the decision tree. In addition, since
the CART method performs division by a single variable at each
node, the decision tree can become complex in some cases,
especially when it has non-linear input data.

2.5. K Nearest Neighborhood Method (KNN)

The KNN algorithm was first developed in 1967 and is a
supervised, sample-based algorithm used for both classification
and regression (Cover T ve Hart P, 1967). The KNN algorithm is
one of the most basic and simple classification methods and can
be one of the first choices for a classification study when there is
little prior knowledge about the distribution of the data. The KNN
algorithm is mathematically quite simple compared to other
algorithms. It can determine the class of test data according to the
positions of the training data in the sample space. For this, it uses
the Euclidean distance relation mathematically. The KNN
algorithm does not need a learning process and a classification
relation after the learning process, so it is very fast. The
implementation of the KNN algorithm is quite easy. All it needs
is to determine the value of k and determine the positions with the
distance function. However, the KNN algorithm may encounter
performance loss in very large datasets, multidimensional datasets
and datasets with outliers.

3. Results and Discussion

Classification results with artificial neural network, decision
support trees algorithm and k nearest neighbor algorithm using
gray level co-occurrence matrix features are as given in Table 1.
Feed forward back propagation ANN model was used in the study.
The tangent sigmoid was chosen as the transfer function. A single
hidden layer with two neurons is used. Features extracted from
masked images input; glaucoma/healthy (1/0) targets were used
as outputs. The image of the ANN model performed in the
MATLAB environment is given in Figure 3. The data were
separated into training and test data by k-fold cross validation.
The k value of 3 is chosen. 66% of the data is reserved for training

3
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data and 33% is reserved for test data. As a result of the training
of the Artificial Neural network, 96.7% accuracy was found using
the test data.

S A

Figure 3. ANN model used in the study.

In K nearest neighbor classification, the data are separated as
training and test data with k-fold cross validation. 66% of the data
is reserved for training data and 33% is reserved for test data. As
a result of classification, 86.7% accuracy was found by using test
data.

In the decision tree classification, the data are divided into
training and test data with k-fold cross validation. 66% of the data
is reserved for training data and 33% is reserved for test data. As
a result of classification, 85% accuracy was found using test data.

In Figure 4, the box plot showing the accuracy of the
classification algorithms is given. The box plot gives a graphical
representation of the obtained accuracy values based on quartiles.
The box in the figure extends from the lower quartile to the upper
quartile. The lines outside the box indicate the smallest accuracy
value and the largest accuracy value obtained. The bed line inside
the box shows the median accuracy value. As can be seen from
the box plot, the classification accuracy obtained with the three
classification algorithms deviated the most in the KNN algorithm.
The highest accuracy value was obtained with ANN with an
average of 96.67%.

100

90

Accuracy

80

701

ANN CART KNN
Algorithm

Figure 4. Box plot showing the accuracies of classification
algorithms.

4. Conclusions and Recommendations

In this study, with the help of gray level co-occurrence matrix
features from masked high resolution fundus photographs, the

e-ISSN: 2148-2683

fundus photographs of healthy people and those with glaucoma
were classified with the help of artificial neural networks, k
nearest neighbor algorithm and decision trees algorithm. The
classification results are as given in Table 1. K-fold cross-
validation was performed in the classification and results were
given for k=3. When the results obtained are examined, it is
clearly seen that the highest accuracy is obtained with the ANN
method. The good results presented demonstrated that ANN is a
valuable alternative to classifying fundus images for glaucoma
detection. With the help of the proposed method, glaucoma was
detected with high accuracy. In future studies, performance
improvement experiments can be made using more data, different
features and other machine learning methods.

Table 1. Comparison of classification results.

k value | ANN K-NN CART
Accuracy (%) |Accuracy (%) | Accuracy (%)
1 920 89 77
2 100 100 85
3 100 71 100
Mean+SD | 96.7+5.77 86.7£14.6 87.8+11.7
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Abstract

In this study, ZW21 alloy one of magnesium (Mg) alloys containing Zinc (Zn) and Yttrium (Y) was produced by gravity casting method
then its microstructure, hardness, corrosion and wear properties were investigated. The microstructure images of the produced alloys
were made by classical metallographic methods such as sanding, polishing, and etching. Microstructure images were taken with optical
and SEM devices and EDX analyzes were performed. The hardness of the metallographically prepared samples was determined by
Brinell hardness tester. To achieve in vitro experiments, potentiodynamic polarization and immersion tests were performed in Hank's
solution at (36.5 = 0.5°C). In addition, in the corrosive wear tests, a reciprocating wear test device was used to implement the necessary
experiments under constant load, at constant speed and distance also with Hank's contact conditions. According to XRD results, the
presence of I and W phases was determined. The hardness of the materials was found to be 52.55 HV. It was observed that the corrosion
rate slowed down over time and an oxide film layer was formed on the sample surfaces. A significant mass loss was detected in corrosive
wear depending on the distance.

Keywords: Mg-Zn-Y Alloys, ZW21, Microstructure, Hardness, Hank’s solution, Corrosion, Corrosive Asinma.

Biyobozunur ZW21 Dékiim Alasimlarimin Mikroyapi, Sertlik ve Korozyon Ozelliklerini Incelenmesi

Oz

Bu calismada, Cinko (Zn) ve Itriyum (Y) igeren magnezyum (Mg) alasimlarindan ZW21 alasimi kokil kaliba dokiilerek iiretimleri
yapilmustir ve daha sonra mikroyaps, sertlik, korozyon ve asinma 6zellikleri incelenmistir. Uretilen alasimlarin mikroyapi goriintiileri,
zimparalama, parlatma ve daglama gibi klasik metalografik yontemleriyle yapilmistir. Mikroyap1 goriintiileri optik ve SEM cihazlari ile
almmis ve EDX analizleri yapilmistir. Metalografik olarak hazirlanan numunelerin sertlikleri Brinell sertlik test cihazi ile tespit
edilmistir. In vitro deneyleri ger¢eklesebilmek icin, potansiyodinamik polarizasyon ve daldirma testleri Hank sivisinda (36.5 + 0.5°C)
sicakliginda yapilmistir. Ayrica, korozif Asinma testlerinde, sabit yiik altinda, sabit hiz, mesafede, Hank sivisinda ileri-geri aginma
yontemiyle yapilmisti. XRD sonuglarina gore I ve W fazlarinin varligi tespit edilmistir. Malzemelerin sertligi 52.55 HV olarak

bulunmustur. Korozyon hizinin zamanla yavasladigi ve numune yiizeylerinde oksit film tabaksi olusturuldugunu gézlenmistir. Korozif
asinmada mesafeye bagli olarak 6nemli bir agirlik kaybi tespit edilmistir.

Anahtar Kelimeler: Mg-Zn-Y Alasimlari, ZW21, Mikroyapi, Sertlik, Hank sivisi, Korozyon, Korozif Asinma.
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1. Giris

Hem endiistriyel hem de biyomedikal uygulamalar i¢in arzu
edilen  oOzelliklerde  Magnezyum  (Mg)  alasimlarinin
gelistirilmesine artan bir ilgi vardir. Mg alasimlarina olan
endiistriyel ilgi, daha iyi yakit verimliligi i¢in ulasim araglarinin
agirliginin azaltilmasi yoniindeki giiclii talebe dayanmaktadir. Bu
nedenle yiiksek mukavemet, iyi slineklik ve yiiksek korozyon
direnci 6zelliklerinin gerekliligi 6n plana ¢ikmaktadir. Bununla
birlikte, biyomedikal magnezyum alasimlarinda gerekli mekanik
ozellikler, fizyolojik ortamda uygun bozunma hizi ve insan

viicudu i¢in biyo-giivenlik faktorleri 6nem kazanmaktadir (N. Li
& Zheng, 2013).

Son zamanlarda biyomedikal uygulamalar i¢in dikkat ¢eken
ve bununla beraber ortopedik uygulamalar i¢in Snemli bir
materyal iinvani kazanmig Mg alagimlari ile biyobozunur
malzemelerin gelistirilmesidir. Metalik malzemeler, yiiksek
mekanik mukavemetleri ve yiiksek kirilma tokluklar: nedeniyle
seramik veya polimerlere kiyasla yiikk tasima gerektiren
uygulamalar igin daha ¢ok tercih edilmektedir. Mg (1.738 g/cm?)
ve Mg alasimlarinin (1.75 ve 1.85 g/cm?) yogunluklari insan
kortikal kemigininkine (1.75 g/cm®) ¢ok benzerdir(Wang et al.,
2008). Biyouyumluluk igin Mg iyonlar1 insan viicudunda biiyiik
miktarda bulunur ve bir¢ok metabolik reaksiyonda ve biyolojik
mekanizmada yer alir. Mg alasimlari, ortopedik implantlar igin
umut verici adaylardir ve ikincil bir ameliyata gerek kalmamasi
sayesinde ilgi ¢cekmektedirler. Ekonomik olmalari ve fizyolojik
ortam uyumluluklar1 g6z oniine alindiginda Mg ve alagimlar1 en
uygun malzemeler olarak 6n plana ¢ikmaktadirlar.

Mg-Zn-Y sistemli magnezyum alagimlarinin her zaman
yiksek mekanik Ozelliklere sahip oldugu bildirilmistir.
Arastirmacilar (Chen et al., 2015), ZW21 adinda yeni bir Mg-Zn-
Y alagimu gelistirilmislerdir. ZW21 alasimi, 205 MPa'lik bir nihai
¢ekme mukavemetine, %18.25'lik bir uzama ve 50 HV'lik bir
sertlige sahiptir. Uygun 1s1l islem prosesleri ile bu ii¢ mekanik
ozellik gelistirilebilmektedir. Boylece incelenen alasim tipi,
yiiksek mekanik 6zelliklerinin yani1 sira yaygin olarak kullanilan
diger tiirdes alasimlara kiyasla agirlikca daha hafif ve diisik
maliyetli olarak elde edilecektir. Tiim bu nedenlerden dolay1 bu
calisgmada, ZW21 alasimi ele alinmistir. ZW21 alasiminin, klinik
uygulamalarda yiik tasima i¢in uygun oldugu belirlenen yiiksek
mukavemete sahip bir Mg alasimi olmasidir (Chen et al., 2015).
ZW?21 alasimlarimin hem in vitro hem de in vivo olarak homojen
bozunma ile iyi sito-uyumluluk gosterdigi ve in vivo olarak
sadece simirlt gaz olusumu goézlemlendigi rapor edilmistir (Hanzi
et al., 2010).

Mg ve alasimlarinda zayif korozyon ozelliklerini gelistiren
¢inko (Zn), ayn1 zamanda dogal olarak insan viicudunda mevcut
olup kemik dokularinin meydana gelmesinde 6nemli rol oynayan
bir elementtir (Yamaguchi, 1998). Ayirca, bakterilerin DNA
yapisini deforme edip, ayn1 zamanda ¢ogalmasini ve yasamini
stirdirmesini engelleyen antibakteriyel 6zellikler gosterir (Tie et
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al., 2013). Itriyum (Y) ise hiicre g¢ogalmasmna, daha iyi
biyoaktivite 0Ozelliklerinin kazandirilmasma ve biyolojik
korozyonun geciktirilmesine yardimci olur. Ayrica Y'nin belirli
derecelerde antibakteriyel ozellikleri oldugu, oOnceki bir
yaklasgimda in vitro olarak hiicre biyouyumlulugu testi ile
kanitlanmistir. Bu nedenlerden dolayr Y ilavesinin, kemik
dokularinin onarimi ve rekonstriiksiyonu i¢in kullanilacak ideal
bir implant malzemesinde énemli oldugu anlasilmistir (Zhang et
al., 2020).

Ayrica, Mg'da nispi olarak yiiksek bir ¢ozliniirliik sergilerler
ve fizyolojik ortamda biyolojik uyumlulugu arttirmalar1 beklenir
(Zheng, 2015). Bahsedilen alagim elementleri ile uygulama ve
yontemler, ZW21 alagiminin hem metaliirjik olarak hem de
biyomalzeme olarak gelistirilmesi i¢in olduk¢a Onemlidir.
Dolayisiyla da , Mg-Zn-Y alagimlari igerisinde biyomalzeme
olarak en uygun alasim tiplerinden biri olan ZW21 alagiminin
farkli tiir ve oranlarda alasim elementleri ilave edilerek ve bunun
yan1 sira deformasyon mekanizmalari araciligiyla sekillendirme
prosesleri uygulanarak incelenmesi ve gelistirilmesi ile insan
saglig1 i¢in daha giivenilir ve nitelikli bir biyomalzeme ortaya
koymaktir. Ozellikle bu calismada ZW21 alasimmin ddkiim
halindeki mikroyapi, sertlik,asinma ve korozyon sonuglarinin
birlikte sistematik olarak ¢alisilmasi segilmistir.

2. Deneysel Calismalar

2.1. Alasim Uretimi
2.1.1. Ergitme Ve Dokiim Yo6ntemi

ZW21 alagimlarinin ergitme ve dokiim proseslerinde Sekil
1’de verilen dokiim indiiksiyon firin1 kullanilmigtir. Ergitme ve
dokim proseslerinde kullanilan firin govdesinin dist gelik, i¢
kismi ise refrakter malzeme ile kaplidir.

Sicaklik lglimii ve

/ alapimlama girisi
—

Gaz girisi

Kanstirma qubugu —, __

Gaz cikap—— I

+—— Kapak

Bak
bobinleri
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Sekil 1. Atmosfer kontrollii indiiksiyon firini.

Ergitme islemindeki ZW21 alagimi iiretiminde oncelikle saf
durumdaki Mg kiilge parcalar grafit potaya eklenerek sicakligin
~750°C’ye ulagmasi saglanmistir. Sonrasinda istenilen sicakliga
ulasan eriyige saf haldeki Zn ve Mg30Y master alagim elementleri
kiiciik parcalar halinde yiiklenmistir. ilave elementlerin
eklenmesinin sonrasinda eriyik, grafit gubuk yardimiyla homojen
bir dagilim elde etmek icin gerekli siire (15dk) boyunca
karigtirtlmistir. Karistirma sonrasi kisa bir siire (5dk) beklenip
eriyigin dokiim i¢in uygun hale gelmesi saglananmistir.
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Dokiim islemi, ergitme ve karigtirma proseslerinin ardindan
Sekil 2(b)’de verilen ve 400°C ye kadar ¢ikabilen plaka isiticilar
yardimiyla 250°C’ye kadar sitilmis kokil kalip Sekil 2(a)
igerisine, (CO2+SF6) koruyucu gazi altinda ve yolluk bdliimiine
filtre yerlestirilerek gergeklestirilmistir.  Yerlestirilen filtre
sayesinde s1vi metal icerisinde olugabilecek inkliizyonlarin kalip
icerisine niifuz etmesi Onlenerek dokiim pargada daha temiz bir
yap1 elde edilmistir.

Sekil 2. (a) Dokiim kalibi, (b) Plaka 1siticilar.

2.2. Alasim Karakterizasyon Islemleri

Dokiim islemleri tamamladiktan sonrasi bilesimin tespiti i¢in
XRF kullanilmistir. Mikroyapi incelemeleri i¢in optik mikroskop
ve SEM gorintiileri elde edilmistir. Mekanik 6zelliklerinden
Sertlik HB ile 6l¢iilmiistiir. In vitro sonuglari elde edebilmek i¢in
korozyon deneylerinde hem daldirma hem de potansiyodinamik
yontemler kullanilmistir. Bunula birlikte korozif ortamda ileri-
geri aginma yontemiyle korozif aginma islemi yaplimistir.

2.2.1. XRF Analizi

Alasim elementlerinin agirlikca % oranlari, Rigaku ZSX
Primus II marka cihaz kullanilarak XRF (X-Ray Fluorescence)
yontemiyle belirlenmistir.

2.2.2. Mikroyapi incelemesi ve Faz Analizi

Alasimlarin mikroyap1 incelemeleri i¢in numuneler saf su
altinda (400, 600, 800, 1200 ve 2500 mesh) SiC zimpara
kullanilarak zimparalanmistir. Zimparalanan numuneler 1 pm’luk
allimina ile parlatilmig ve daha sonra sirasi ile 6nce saf su ile
yikanmuis etanol ile yiizey durulanmis ve kurutulmustur.
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Goriintilleme o6ncesi son olarak pikrik asit iceren asit
soliisyonunda numuneler daglanmistir. Optik mikroskopta (Nikon
marka) incelenen numuneler daha sonra SEM goriintiilemeleri ve
EDX analizleri i¢in elektron mikroskobunda (Carl Zeiss Ultra
Plus Gemini marka) detayli mikroyapt ve analizleri
gerceklestirilmigtir.

Dokiim numunelerinin faz analizleri, XRD faz analiz
cihazinda (Rigaku Ultima IV marka) 3 dk tarama hizinda ve 10°-
90° tarama ag1s1 araliginda gerceklestirilmigtir.

2.2.3. Sertlik Testi

Dokiim alagimlarmin oda sicakligindaki, ‘BMS 3000-HB
Brinell” marka Brinell sertlik test cihazi ile sertlik degerleri
belirlenmistir. Brinell sertlik testinde, numune yiizeylerine 187,5
kgf yiik altinda 2,5 mm ¢apinda bilye uygulanmis ve 10 saniye
basili tutulumustur. Test sonrasinda her numune i¢in 5 dl¢limiin
aritmetik ortalamasi hesaplanarak sertlik degerleri elde edilmistir.

2.2.4. Korozyon Testleri

Bu calismada In vitro testleri gergeklestirmesi i¢in daldirma ve
korozif aginma kullanilmigtir. Ayrica elektrokimyasal korozyon
testlerinden potansiyodinamik polarizasyon egrileri ¢ikarilmistr.

Daldirma Korozyon Testi

Daldirma korozyon testleri, viicut sicakligina uygun sekilde
(36.5 £ 0.5°C) Hank soliisyonu ortaminda yapilmistir. Daldirma
testleri i¢in, ZW21 dokiim alagimlardan 1 cm3 ebatinda kiip
numuneler hazirlanmistir. Numuneler saf su altinda (400, 600,
800, 1200 ve 2500 mesh) SiC zimpara kullanilarak zzimparalanmis
ve test Oncesi 5 dakika boyunca etanol iceren ultrasonik banyoda
temizlenmigtir. Teste baglamadan 6nce her numunenin ilk agirlig
tartildi ve ylizey alani 6l¢iildii. Ardindan 72 saat korozif ortama
daldirildi. Her test araligindan sonra numunelerin korozyon
iiriinleri, ultrasonik bir temizleyici kullanilarak, 182 g/l sulu
kromik asit ¢ozeltisine 5 dakika daldirilarak temizlenmistir. Daha
sonra deiyonize su (saf su) ile yikanarak 3 dakika boyunca etanol
igerisinde ultrasonik banyoya tabi tutulmustur. Son asamada 1lik
havada kurutulmus ve ardindan agirlik Olgimi yapilmistir.
Daldirma siireleri olarak; 24, 48 ve 72 saatlik araliklar olacak
sekilde belirlenmistir. Bu sayede deney numunelerinin korozyon
hizlar1 hakkinda diger korozyon testlerinin de yorumlanmasina
yardimect olacak bilgiler elde edilmistir.

Potansiyodinamik Polarizasyon Testi

Elektrokimyasal korozyon deneyleri viicut sicakligina uygun
sekilde (36.5 £ 0.5°C) simiile edilmis viicut sivisinin es degeri
olan  Hank’s solisyonunda  gergeklestirilmisti. ~ Hank
sollisyonunun kimyasal bilesimi Tablo 1'de verilmigtir. Tafel
yontemi kullanilarak ZW21 dokiim halindeki numunelerinin
korozyon oranlari belirlenmistir. Potansiyodinamik egrileri
saglamak icin bilgisayar destekli DC105 korozyon analiziyle
Gamry model PC4/300 mA potansiyostat/ galvanostat araciligiyla
korozyon analizi gerceklestirilmistir.

Potansiyodinamik polarizasyon egrileri, 1 mV/s tarama
alaninda -0,25 V (vs Eoc ) ve +0,25 V (vs Eoc ) arasinda
uygulanmustir.

Korozif Asinma Testi

Asagidaki standartlarda ve Sekil 3° de (ileri-geri) asinma test
cihazi semas1 gosterildigi gibi korozif aginma testi yapilmustir:
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Numunelerin deney yapilmadan 6nce hazirlanmasi igin ,
cihazdaki numune yatagina uygun olacak sekilde kesilmistir,
yiizeyleri 1200 numaralik zimparaya kadar zimparalanip saf su ve
alkol ile temizlenmistir. Sabit olarak hem 20N yiik altinda, 0,1 m/s
kayma hizinda, toplam 400 metre kayma mesafesinde, Hank's
stvist icerisinde yapilmistir. Asindirici ug olarak AIST 52100 kalite
yiksek sertlikte g¢elik bilye kullanilmigtir. Asinma sirasindaki
sirtinme kuvveti tribometre koluna baglanan yiik hiicresi
tarafindan Ol¢iilerek anlik olarak bilgisayara kaydedilmistir.

Tablo 1. Hank's soliisyonunun kimyasal bilesimi (pH 6.8).

Reaktifler Bilesen
(g/L)
NaCl 8.00¢g
NaHCO; 035¢
KCl 040 g
KH,PO, 0.60 g
MgCl;6H,0 0.60 g
MgS0,.7H,0 0.06 g
CaCl, 0.14 ¢
Na,HPO, 0.06 g
Glikoz.2H,O 1.00 g
Agirhk
] Ayarianabilir
Aginma lzi Tribometre Kolu
| £ )
Uk Hicresi
Numune < Bilya Tutucu
p Lineer lleri Geri Hareket Hank’s stvist

Sekil 3. Ileri-geri asinma testi cihazinin semasi

3. Sonuclar ve Tartisma

3.1. Alasimlarin Kimyasal Analizi

Dokiimii yapilan alagimin kimyasal bilesimi XRF cihazi
kullanarak elde edlimis ve Tablo 2’ de gosterilmistir. Deney

oncesi planlanan ZW21 alasimini olusturan alagim elementleri
(Mg, Zn ve Y) orani tam olarak elde edilmistir.

Tablo 2. ZW21 Dékiim Alasiminin Kimyasal Analizi

Kimyasal Kompozisyon, % Ag.
Mn Na Al Si

Alasim Mg Zn Y
ZW21 Kalan  1.963 0,964

0,048 0,013 0,019 0,144

3.2. XRD Analizleri

Alasimlarin XRD faz analiz sonuglart Sekil 4’te verilmistir.
Elde edilen sonuglara gére ZW21 yapist igerisinde a-Mg ana
matrisinin yani sira I: (Mg3YZns) ve W: (MgsY2Zn3) fazlarinin
varligi tespit edilmistir.

Sekil 4. ZW21 dékiim alasimin XRD faz analizleri.
e-ISSN: 2148-2683

* a-Mg
* Mg:YZng
* MgsYaZna

Intenaity (cps]

28 [deg)

Mg-Zn-Y alasimlarma artan ilgi, belirli dzelliklere sahip iig
Mg-Zn-Y iiglii fazindan kaynaklanmaktadir. Ug faz, 1 fazi
Mg3ZneY), W faz1 (MgsZnsY») ve Z veya X faz1 (Mg2ZnY)
anlamina gelir ve hepsi yiiksek sertlige sahiptir. I ve Z fazlar1
0-Mg matrisi ile uyumludur ve bu nedenle matris ile ara yiizey
bagr cok giclidir ve bazal kaymay: etkili bir sekilde
geciktirebilir. Bu nedenle, I ve/veya Z fazi igeren alagimlar
yiiksek mekanik ozelliklere, 6zellikle de yiiksek sicaklikta iyi
mekanik Ozelliklere sahiptir. Ancak W fazi igin, mevcut
arastirmalarin ¢ogu, bunun Mg matrisi ile uyumlu olmadigini
ve arayiiziin ayrilmasinin kolay oldugunu bildirmistir. Ayrica,
W fazinin kirilmasi da kolaydir. Bu nedenle, W fazi igeren
alasimlar her zaman nispeten diisik mekanik o6zelliklere
sahiptir. Bununla birlikte, bazi arastirmalar W fazinin
mekanik o6zellikleri iyilestirmek icin faydali oldugunu
gostermigtir: W fazi siinekligi iyilestirebilir. Hacim orant
%11.2 ile %17.5 arasinda oldugunda, alagimlar, W fazi ve Mg
matrisi arasindaki giiclii bag ara yiizi nedeniyle iistiin
mukavemete sahiptir. W+Z fazlar1 i¢eren alagimlar, benzersiz
I veya Z fazi igerenlere gore daha kapsamli mekanik 6zellikler
sergilemistir (Tahreen & Chen, 2016)

3.3. Mikroyap1 Sonuglar:

Incelenen numunelerin optik goriintiileri Sekil 5’te
verilmigtir.

(a) (b) (c)

Sekil 5. ZW21 dokiim alagimin OM goriintiileri.

Optik mikroskop goriintiilerin incelendiginde tane ve tane
smirlart belirgindir, Tane smurlarinda bir ag seklinde ikincil
fazlarin (B- otektik) dagildign gozlenmistir. Sekil 5(a)'da
gosterildigi gibi, dokiim ZW21 alasgimmin mikroyapist kiigiik es
eksenli dendritlerden olusur ve bir tanedeki dendrit kollar
dendritik otektik yapr ile ayrilir (T.J. Chen, 2012.). Ayrica ZW21
alasiminin temel olarak birincil a-Mg dendritleri ve interdendritik
otektik yapilardan olustugunu gosterdigi ve oOtektiklerin bir
fazinin W ve/veya I fazi oldugu belirlendi. Bu nedenle, ZW21
alasimmin interdendritik Otektigi, esas olarak Mg-Zn-Y figlii
alagiminin Gtektik bilesenlerinden olusmalidir. (Q. Li et al., 2005).
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SEM goriiniitiileri ise sekile 6’da verilmistir. Tane i¢i ve tane
siirlarindan elde edilen EDX analizleri ortaya c¢ikartmistir,
matristen alinan 1 nolu EDX analizinde Mg miktari % 96.51 gibi
yiiksekliktedir. 2 nolu spectrumsa sirasiyla (Ag. %), Mg: 32.23,
Zn: 43.10, Y: 24.66 iceren intermetalik olustugunu gostermistir.
Onceks XRD incelmelerinde bu durumun I ve W intermetaliginin
ortaya ¢ikarmigtir.

Spectrum | Mg Zn Y
1 96.51 | 321 | 0.28
2 32.23 | 43.10 | 24.66

Sekil 6. ZW21 dékiim alasimumin SEM gériintiileri ve EDX
analizleri.

3.3. Sertlik Testi Sonuc¢lar

Tablo 3'te dokiim halindeki ZW21-2ZnlY alasiminin Brinell
(HB) sertlik test sonuglar1 verilmistir.

Tablo 3. ZW21 dokiim alasiminin sertlik degerleri.

ZW21- Dokiim Brinell Sertlik Degeri (HB)
Olgiim -1 50,88
Olgiim -2 51,20
Olgiim -3 47,58
Olgiim -4 49,72
Olgiim -5 50,23
Ortalama 49,92 = 52.55HV

Bu sonuglara gore ve bilindigi lizere Y ilavesinin mitkemmel
tane inceletme gosterdigi; ayrica Mg'de nispeten yiiksek kati
¢Oziiniirliikk; Y agisindan zengin fazlarin olusmast nedeniyle,
dolayisiyla tane inceltici etkisi, dokiim halindeki ZW21-
2Zn1Y'de sertlik degerini arttirdigint gostermistir (Ding et al.,
2014) . Bu ¢alismada dokiim halindeki ZW21 alagiminin sertlik
degeri 52.55 HV’ dir. Dolaysiyla, 6nceki aragtirmada (T.J. Chen)
dokiim halindeki ZW21-0.5Nd-0.5Sn-0.3Zr-0.05Ca alasimi1
sertligi (50 HV) karsilagtirnildiginda hemen hemen aym
degerdedir.

In Vitro Korozyon Test Sonuclari
3.4. Daldirma Korozyon Testi Sonuclari

Sekil 7°de daldirma korozyon testi sonrasi dokiim numunenin
korozyon hiz1 ve saatlere gore agirlik kaybi grafikleri verilmistir.
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Sekil 7. Dokiim alagimimin saatlere gore (a) agrlik kayibi (b)
korozyon hizi (mm/d) grafikleri.

Daldirma test sonuglarina gore, ilk 3 saate kadar sekilde 7
(b)’de gosterildigi gibi numuneye etki eden korozyon hizi
yiiksektir, daha sonraki zaman araliginda korozyon gettikce
yavasalamaktadir. Ozellikle 24 saat sonras1 korozyon hiz1 denge
haline gelmistir. Bu denge hali muhtemel yiizeyde olusmus olan
koruyucu oksit film (MgO) tabakasina dayandirilimistir (Sekil 8).

Sekil 8. ZW21 dokiim alasiminin 72 saat sonra Daldirma
gOriintiist.

Dokiim alagimlarina 72 saat (3 giin) boyunca yapilan daldirma
korozyon testleri sonrasinda korozyona ugramis yiizeyden alinan
SEM goriintiileri ve EDX analizleri Sekil 9' da verilmistir. Bu
sonuglara gére Mg ,Zn ve Y haricinde diger belirtilmis elementler
Hank sivisindan kaynaklidir.
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EHT=1000kV  WD=155mm  hitp:lidce karabuk.edutr

Spect [¢] Na Mg S Cl K Ca Zn Y

rum

1 8.87 0.15 83.79 | 0.1 | 0.12 0.16 0.0 4.4 2.3
4 9

2 5.08 0.34 9143 | 00 | 0.0 0.04 0.1 2.8 0.1
8 2 1

Sekil 9. ZW21 dokiim alasiminin Daldirma SEM gériintiileri ve
EDX analizleri

3.5. Potansiyodinamik Test

Sonuclan

Polarizasyon

Dokiim  halindeki ZW21 alasimmin potansiyodinamik
polarizasyon testi sonrasi Tafel egrileri Sekil 10'da verilmistir.
Tafel egrilerinden elde edilen korozyon akim yogunlugu (Icorr)
ve korozyon potansiyeli (Ecorr) degerleri Tablo 4'te verilmistir.

0,0

-0,2

0,4

-0,6

0,8

-1,0

1,2

-1,4

-1,6

-1,8
1,00E-07

Potential (V)

1,00E-05 1,00E-03 1,00E-01

Icorr (pA/cm2)

Sekil 10. ZW21 dokiim alagiminin potansiyodinamik
polarizasyon test grafigi.

Tablo 4. ZW21 dékiim alasiminin Korozyon akimi yogunlugu
(Icorr) ve korozyon potansiyeli (Ecorr) degerleri.

Alasim Leorr (1 06 A/CIl’lz) Ecorr (v)

ZW21-2Zn1Y 19,4 -1,33

Potansiyodinamik sonuglara gore Korozyon akimi yogunlugu,
korozyon hizi ile dogru orantili olarak degisir. Ayrica incelenen
alasimin (Sekil 10) anodik boélgelerindeki kirilmanin, numune
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ylizeylerinde Mg(OH), olusumunun neden oldugu lokal
¢oziinmeye bagli oldugunu disiiniilmektedir (Kabir et al., 2021).

3.6. Korozif Asinma Testi Sonuclari

ZW21 dokiim alagiminin korozif aginma test sonucunda elde
edilen agirlik kayiplart ve asinma oran katsayist Sekil 11°de
verilmistir. Ayrica Korozif aginma sonrasi yiizeyden alinan SEM
goriintiileri ve EDX analizleri Sekil 12°de goriilmektedir.

0,12
0,1 -4
y= o,ogoz§0x__.-
= 0,08
= ‘..
S 006 i
]
N4 ’
~ 0,04 /)
T /
:Eo 0,02 J
[ VR
0 pe==
0 100 200 300 400

Kayma Mesafesi (m)

Sekil 11. ZW21 dokiim alagimimin grafigi.

Spectrum | O Mg Cl Zn Y
1 63.99 | 32.30 | 2.00 | 1.53 | 0.19
2 67.21 | 29.36 | 1.62 | 1.50 | 0.31

Sekil 12. ZW21 dokiim alasiminin korozif Asinma SEM

gortintiileri ve EDX analizleri.

Sekil 11°de, 200 merte sonrast agirhik kaybinin artigr tespit
edilmistir. Bu durum koruyucu oksit tabakasinin bozulmas ile
aciklanabilir. Dolaysiyla, Sekil 12° de verilen SEM goriintiisii ve
EDX analizine gore spectrumlarda oksijen degerleri yiiksek
olmas1 oksit tabakasinin varligini ortaya koymaktadir. Asinma
ylizeyinde zamanla bu tabakanin kirilarak aginma oranin artig1 ve
buna bagli olarak agirlik kaybininda arttig1 gozlenmistir.

4. Genel Sonuglar

Bu caligmada, ZW21 dokiim alagiminin mikroyapi, sertlik,
korozyon ve korozif asinma 6zellikleri incelenmis olup asagida
genel sonuglar sirasiyla verilmigtir.
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ZW21dokiim alasiminin mikroyapisinda intermetalik
olarak I ve W fazlar1 tespit edilmistir.

Alagimin sertlik test sonucunda 52.55 HV sertlik degeri
elde edilmistir.

Daldirma testinde ZW21 alasiminin yiizeyinde zamana
bagl olarak oksit film tabakasi olusmustur ve korozyon
hiz1 buna bagl olarak yavaslamistir.

Potansiyodinamik sonuglara gdére Korozyon akimi
yogunlugu, korozyon hizi ile dogru orantili olarak
degismistir.

Korozif agimmada agirlik kaybimin olugumu, hem
stirtinme hem de korozyon etkesiyle meydana geldigi
gdzlemlenmistir.
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Oz

Bu calisma, 2016-2018 yillar1 arasinda Nevsehir ili ve ¢evresindeki Boraginaceae familyasi iyelerinin, Bombus terrestris (Linneaeus,
1758) (Insecta: Hymenoptera: Apidae) tiiriindeki polen biyoloji ve polen morfolojisinin belirlenmesi amaciyla yapilmistir. Mayis ve
Eyliil aylar arasinda gerceklestirilen saha ¢alismalarinda, B. ferrestris 6rnekleri Boraginaceae familyasi iiyelerini ziyaret ettigi sirada
gozlemlenerek, bu bitkilerle birlikte toplanmustir. Toplanan B. terrestris orneklerinden elde edilen polenler; 151k ve elektron
mikroskobunda incelenerek fotograflanmistir. Aragtirma sonucunda incelenen 45 B. ferrestris preperatinin 26’sinda Boraginaceae
familyasi taksonlarina rastlanmigtir. Burada, Boraginaceae familyasindan tespit edilen taksonlar; Echium sp. ve Anchusa sp. olarak
belirlenmistir. Boraginaceae familyasinin genel polen 6zellikleri degerlendirildiginde; polen ornemantasyonlarinin ¢ogunlukla psilat
veya perforat oldugu goriilmekle birlikte polen sekillerinin takson diizeyinde degisiklik gosterdigi belirlenmektedir. Calismada ayrica;
Bombus arillarinin ¢icekli bitkileri polen kaynagi olarak kullanirken bir tercihin s6z konusu oldugu tespit edilmektedir.

Anahtar Kelimeler: Tozlagma, Biyoloji, Morfoloji, Polen, B. terrestris, Boraginaceae

Investigation of Pollination Biology and Morphology of B. ferrestris
L. 1758 (Insecta: Hymenoptera) Species in Boraginaceae Family

Abstract

This study was carried out to determine the pollen biology and pollen morphology of Bombus terrestris (Linneacus, 1758) (Insecta:
Hymenoptera: Apidae) species of Boraginaceae family members in and around Nevsehir province between 2016 and 2018. During the
field studies carried out between May and September, B. terrestris specimens were observed while visiting members of the Boraginaceae
family and were collected together with these plants. Pollens obtained from collected B. ferrestris samples; photographed under light
and electron microscopy. As a result of the research, Boraginaceae family taxa were found in 26 of 45 B. terrestris preparations. Here,
the taxa identified from the Boraginaceae family, Echium sp. and Anchusa sp. has been determined. When the general pollen
characteristics of the Boraginaceae family are evaluated; Although it is seen that pollen ornamentations are mostly psilate or perforate,
it is determined that pollen shapes vary at taxon level. Also in the study; It has been determined that bumblebees have a preference when
using flowering plants as a source of pollen.

Keywords: Pollination, Biology, Morphology, Pollen, B. terrestris, Boraginaceae, Nevsehir

http.//dergipark.gov.tr/ejosat 13



http://dergipark.gov.tr/ejosat

Avrupa Bilim ve Teknoloji Dergisi

1. Giris

Dogal  floradaki  birgok  bitkinin  polinasyonunun
saglanmasinda bal arilarindan sonra ikinci derecede rol oynayan
Bombus terrestris (Linnaeus, 1758), kiiltiirel tozlayici olarak da
kullanilmaktadir (Durdu,2012; Kundurac1,2019;
Ozbek,1983,1987,1990ab,2002). Diinyada 239 Bombus tiirii
tanimlanmistir. B. terrestris, Tiirkiye dogal faunasinda en yaygin
goriilen Bombus tiriidiir. Bu tiir, deniz seviyesinden 1500 m
yikseklige kadar ¢ok genis bir habitatta goriilmektedir
(Durdu,2012; Kundurac1,2019; Ozbek,1983,1987,1990ab,2002).
Sosyal yagam siirdiiren ve uzun dilli arilar icerisinde yer alan B.
terrestris tiirinde; kralice ar1 20-22 mm, is¢i art 11-17 mm, erkek
ar1 ise 14-16 mm uzunlugundadir. Genel olarak siyah tiiylii
viicutlariin karin kisminin ikinci bélmesinde ve gogiis kisminda
bulunan portakal sarist renkte bantlarla ve is¢i arida beyaz ana
arida devetiiyii renkli kuyruk yapisiyla karakterize olmuslardir.
Ancak alttiir ve ekotip diizeyinde renk yapisinda farkliliklar
goriilmektedir  (Durdu,2012;Kekillioglu & Kundurac1,2019;
Ozbek,1983,1987,1990ab,2002; Kekillioglu,2005).

Arilarin, bitkilerin tozlastiricilart oldugu ilk kez Alman
Koelreuter ve Sprengel tarafindan 1750-1800’Li yillarda fark
edilmistir. 1892°de ise Waite ar1 kolonilerinin meyve agaglarinin
tozlagtirilmasinda kullanilabilecegini giindeme getirmistir. Waite
o donemde g¢apraz tozlagsmanin (dis eslesmenin) meyve
agaclarinda 6nemini saptamig ve bu bilgiyi paylagmistir. Daha
sonraki c¢aligmalar bu g¢alismalarin {izerine kurulmus ve meyve
bahgelerinin yakinlarinda ari kolonilerinin bulundurulmasinin
sonuglari ortaya konulmustur
(Durdu,2012;Kekillioglu&Kundurac1,201 9:0zbek,1983,1987,19
90ab,2002; Kekillioglu,2005).

Arilarla cigekli bitkiler dogal ortaklardir. Biri, digerinin
yasami ve yeniden c¢ogalmasi icin belirli gorevleri yerine
getirmekte olup bu anlamda aralarinda bir ‘menfaat iligkisi’
vardir. Arilar belirli bir siire boyunca gozlemlendiklerinde, farkli
ar1 tlrlerinin degisik ¢igeklere gittikleri goriiliir. Bu bitkilerin
¢igeklerinin rengi, bigimi ve kokusu 6zel olarak bu tiirleri ¢eker.
Arilar nektar toplamak igin ¢igeklere gittiklerinde, ayni tiirden
bitkiler arasinda polen aktarimini gergeklestirirler. Bu olay
sonucunda bitkilerde dollenme saglanir
(Durdu,2012;Kundurac1,2019;0zbek,1983,1987,1990ab,2002;
Kekillioglu,2005).

Bombus arilari, biiyilk bir 6nem tasiyan birgok bitkinin
polinassyonunda goérev alan bdceklerdir. Oldukca gosterisli,
¢ekici ve renkli bir goriiniime sahip olan bu arilar, balarilar1 (4.
mellifera L.)'na gore genellikle daha iri viicutlu ve tiiylii, daha
giiclii ve daha yagmacidirlar. Uzun dilleri olmasindan dolay1 derin
tiplii ¢igekleri ziyaret ederek diisiik sicakliklarda, koétii hava
kosullarinda ve diisiik 1s1kta bile ¢alisip ¢i¢eklerin polinasyonunu
yapabilmektedirler (Durdu, 2012;Kekillioglu & Kunduraci,
2019).

Nevsehir il genelinin vejetasyonunu olusturan bitkilerin
cogunlugu Iran-Turan elementi olup ydreden yoreye pek fazla
farklilik gdstermemektedir. Nevsehir florast incelendiginde
icerdikleri takson sayisina gore biylik familyalar sirayla
Compositae (Asteraceae) 87, Leguminosae (Fabaceae) 74,
Labiatae (Lamiaceae) 47, Cruciferae (Brassicaceae) 38,
Gramineae (Poaceae) 31, Boraginaceae 30, Caryophyllaceae 28,
Rosaceae 26, Umbelliferae (Apiaceae) 21 ve Liliaceae 21’°dir
(Akgiil & Yilmaz, 2011).
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Ulkemizde ve diinyada yapilan; polen, polinasyon, polinator
vb. igerikli ¢alismalarin daha ¢ok bitki odakli oldugu
goriilmektedir. Genelde boceklerin, 6zelde ise arilarin dogrudan
6zne oldugu, bu boceklerin viicut yiizeyinde yer alan viicut
ortiileri. vb. 6zel alanlardan polen 6rneklerinin teminine dayanan
calismalar ise bir ka¢ kismi icerikli dolayli arastirma diginda
mevcut olmamaktadir. Bu eksiklikten yola ¢ikilarak bu ¢alismada
Nevsehir ve c¢evresinde Bombus terrestris (Linnaeus,1758)
(Insecta: Hymenoptera: Apidae) tiiriinlin viicut yiizeyi ve polen
sepetindeki Boraginaceae familyas1 polenlerinin belirlenmesi
amaglanmigtir.

2. Materyal ve Metot

Bu c¢aligma Nisan 2016- Agustos 2018 aylar1 arasinda,
Nevsehir ili ve ¢evresinde yapilan arazi ¢alismalari sonucunda,
dogal ortamlarinda ekolojik gozlemleri yapilmisti. Mayis ve
Eylill aylar1 arasinda yapilan arazi ¢aligmalarinda B.terrestris
tirleri ve ziyaret ettigi Boraginaceae familyas: bitki ornekleri
toplanmustir. B.terrestris 6rnekleri tiil atrap yardimiyla giindiizleri
yogun olarak goriildiigii saatlerde arazi ¢aligmalar1 yapilmistir.
Toplanan ar1 6rnekler, etil-asetatl siselerde oldiiriildiikten sonra
laboratuar ortaminda {iizerlerinden firca yardimi ile polenler
preperatlara aktarilmigtir. Ar1 ornekleri ile ¢aligmalar bittikten
sonra laboratuar ortaminda standart miize materyali haline
getirilmektedir. Hazirlanan polen preperatlart Wodehouse (1935)
yontemi ile boyanarak Isik mikroskobunda incelerek polen
goriintiileri fotograflanmistir. Hazirlanan polen preperatlarindan
bir kismi Kirikkale Universitesi Elektron mikroskobunda
incelenerek fotograflanmistir. B. terrestris tiir teshisinde Richards
(1968), Ozbek (1979, 1983, 1990, 1997, 2000, 2002), Rasmont
(1983), Reinig ve Rasmont (1988), Prys-Jones ve Corbet (1987),
Goulet ve Huber (1993), Batra (1994), Pawlikowski (1996, 1999),
Aytekin  ve Cagatay (1999), Kekillioglu (2005)’den
yararlanilmisgtir (Ozbek, 1983,1987,1990ab,Akgiil &Yilmaz,

2011; Cerena,2004; Pawlikowski,1999; Prys-Jones&Corbet;
Richards, 1987; Rasmont, 1983; Reining, 1983; Goulet
&Huber,1993;  Batra, 1994; Aytekin&Cagatay, 1999;
Wodehouse,1935).

3. Arastirma Sonuclarn ve Tartisma

3.1. Bombus terrestris L. 1758 (Insecta:

Hymenoptera) Taksonomi — Morfoloji

Sekil 1: B. terrestris
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Tablo 1: B. terrestris’in Sistematik Basamaklari

Classis: Insecta
Ordo: Hymenoptera
Subordo: Apocrita
Supfamilya: Apoidea
Familya: Apidae
Subfamilya: Bombinae
Genus: Bombus
Species: B.rerresmis

Disilerde Viicut uzunlugu kralige arida 18-22 mm, ig¢i arida
10-15 mm’dir. Dil uzunluklari ortalama 6,3 mm’dir. Basin
uzunlugu genisligine esit ya da kisa olmaktadir. Yan basit gozler
ile bilesik gozler arasindaki alanlar arasinda grup halinde ince
noktalanmalar vardir. Orta basit g6z ile yan basit gozler arasindaki
mesafe orta basit goziin yarigap1 kadardir.

Thoraks ve yaka koyu sar1 killy, ikinci tergumun yiizeyi az
cok parlak, hafif ve seyrek piiriizlii, koyu sar1 veya kahverengimsi
sar1 killy, Giglincii tergum siyah, dordiincii ve besinci beyaz, altinci
medialde siyah, lateralde beyaz killi olarak goriinmektedir
(Kekillioglu&Kundurac1,2019; Ozbek, 1983, 1987,1990ab,2002;
Kekillioglu,2005)

Erkeklerde viicut uzunlugu 12-18 mm’dir. Basin genisligi
uzunlugundan fazladir. Supraorbital ¢izgi basit géze dorsalde
teget gecmektedir. Clypeus, vertex ve propleuronun alt yarisi
siyah killi, thoraksta yaka kismi koyu sar1 ya da kahverengimsi
saridir. Interalar bant ve scutellum siyah killi goriilmektedir.
Abdomende birinci ve ikinci tergum koyu saridir. Birinci
tergumun bazal kismi seyrek siyah, iist kismi tamamen beyaz
killidir. Dérdiincii, besinci ve altinci terga beyaz ya da koyu sar1
killi goriiniimdedir(Kekillioglu&Kundurac1,2019; Ozbek, 1983,
1987,1990ab,2002; Kekillioglu,2005) .

3.2. Boraginaceae Juss. Gen. PL. (1789) Taksonomi
— Morfoloji

Boraginaceae familyas: diinyanin tropikal, subtropikal ve
iliman bolgelerinde yayilis gostermektedir. En yogun yayilis
alanlar1 Iran-Turan ve Akdeniz bdlgelerinin 1liman alanlarinda,
ayrica Orta Amerika, Kuzey ve Giiney Amerika’nin orta
kesimlerinde yayilis gostermektedir ( Teke,2012)

Boraginaceae familyasina ait taksonlarin boyutlar1 10-50 um
arasinda degismektedir. Polen sekli prolat ya da siferoid’dir.
Polenlerin apertiirleri siklikla trikolporat, suboblat-prolattir.
Yiizey siislenmesiperfora, psilat ya da graniilattir (Ozmen, 2012)

Taksonlarin, polen mikrofotograflari ve SEM fotograflartyla
birlikte agagida verilmistir (Sekil 2-3)
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Sekil 2: A: Echium sp. Polen 151k mikroskobu goriintiisii

B: Anchusa sp. Polen 151k mikroskobu goriintiisii

Sekil 3: Anchusa sp. Elektron mikroskobu goriintiisii

4. Sonuc¢

Bombus terrestris, Tirkiye, dogal faunasinda bulunan bir
taksondur. Farkli bolgelerde bulunan Bombus terrestris tiirlerinin
yasam dongiileri ve koloni gelisim 6zellikleri arasinda farkliliklar
bulunmaktadir ( Gosterit & Giirel, 2004).

Bombus terrestris tiirii arilarin tozlayici olarak kullanilmalari
ile elde edilen iriinler iizerindeki olumlu etkiler
kiigtimsenemeyecek kadar onemlidir. Ancak son yillarda, tim
diinyada ¢ok fazla miktarda kullanilan ve yayilmaci 6zellige sahip
bu arilarin dogal ekosistem {izerine yapacaklari olumsuz etkiler
sikca tartisilmaya
baslanmistir(Kekillioglu&Kundurac1,2019;0zbek,1983,1987,19
90ab).

Nevsehir’in - mevcut  faunasi  incelendiginde  Apidae
familyasina ait kayitlar: Bombus terrestris (L.1758), Bombus
(Megabombus)  argillaceus  (Scopoli, 1763) ,Bombus

(Thoracobombus) zonatus (Smith, 1854) ,Megabombus humilis
(Illiger, 1806) ,Megabombus zonatus (Smith, 1854) (Kekillioglu,
2005). Cok sayida B.terrestris kaydi verilmekte fakat spesifik
¢alismalar bulunmamaktadir.

Calismamizin sonucunda B. ferrestris iizerinden alinan polen
orneklerinden Boraginaceae familyasina ait 2 cins tespit
edilmistir. Bunlar; Echium ve Anchusa cinsleridir.

Bombus arilarinin ¢alistig1 dogal florada biitiin ¢igekli bitkileri
polen kaynagi olarak kullanmadigy, bir tercih s6z konusu oldugu,
genel olarak florada arilar i¢in tercih edilen ¢igekli tiir sayisinin
tiim ¢igekli bitki tiirleri igerisinde oldukga diisiik bir pay aldig:
diisiniilmektedir. Ayrica ¢alisilan  floristik  bolgenin  de
B.terrestris’in beslenmesi ve polinasyonun da onemli oldugu
diigiiniilmektedir.
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Her bir B.terrestris’in polen sepetinde bir seferde genel olarak
sadece bir veya birkag bitki tiirinden polen topladig
gozlemlenmistir. B. terrestris baslangigta hangi poleni tercih
etmis ise, genel olarak o tiir polenleri polen sepetine toplamaya
devam etmektedir. B. ferrestris’ in viicut yiizeyindeki polenlerin
ise cesitli bitki taksonlarina ait oldugu gdézlemlenmistir. Bunun
sebebi olarak B. terrestris’in ¢igekten cicege gecerken, havadan
bulagsma yoluyla veya yagmurlu, riizgarli havalarda korunma
amactyla gittikleri bitkilerin polenleri oldugu diistiniilmektedir.

Hazirlanan 45 preperatin 26’sinda Boraginaceae familyasina
ait polenler tespit edilmistir Bu gozlem dikkate alindiginda
Boraginaceae familyasinin polinasyonunda B. ferrestris’in
onemli bir yer kapladig1 goriilmektedir.
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Abstract

Because of their therapeutic properties, the aerial parts of Silybum marianum have traditionally been used in folk medicine. The purpose
of this study was to determine the antioxidant capacity and total phenol and flavonoid contents of methanol extracts of Silybum
marianum aerial parts. DPPH (2, 2-diphenyl-1-picrylhydrazil) free radical scavenging and reducing power assays were used to assess
the antioxidant capacity of Silybum marianum. The total phenol and flavonoid contents of each extract were determined using the Folin-
Ciocalteu and aluminum trichloride methods, respectively. DPPH (2, 2-diphenyl-1-picrylhydrazil) free radical scavenging assays were
used to assess the antioxidant capacity of Silybum marianum extracts. All of the extracts tested showed impressive total phenolic and
total flavonoid content, as well as potent antioxidant capacity. The methanolic extract was found to be containing a number of total
phenols (56.95+0.78 mg of gallic acid equivalent per gram of dried material) and flavonoids (86.09+0.35mg of quercetin equivalent
per gram of extract). The same extract also had a significantly higher DPPH-reducing power and scavenging capacity (Inhibition % =
91.77£0.12). These findings imply that Silybum marianum aerial parts could be used as a natural source of antioxidants in the food,
pharmaceutical, and cosmetic industries.

Keywords: Antioxidant capacity, Silybum marianum, total flavonoid, total phenol.

Silybum marianum L. Gaertner'in Antioksidan Kapasitesi, Toplam
Fenolik ve Flavonoid Icerikleri

Oz

Terapotik oOzelliklerinden dolayr Silybum marianum'un toprak iiztiinde kalan kisimlar1 geleneksel olarak halk hekimliginde
kullanilmaktir. Bu ¢aligmanin amaci, Silybum marianum toprak {stii kisimlarinin metanol ekstraktlarinin antioksidan kapasitesini ve
toplam fenol ve flavonoid igeriklerini belirlemektir. Silybum marianum'un antioksidan kapasitesini belirlemek i¢in DPPH (2, 2-difenil-
1-pikrilhidrazil) serbest radikal siipiirme ve indirgeme kapasitesi deneyleri kullanildi. Test edilen tiim ekstraktlar, dnemli l¢tide toplam
fenolik ve toplam flavonoid igeriginin yani1 sira giiclii antioksidan kapasite gdstermistir. Metanolik ekstraktin, bir miktar fenol
(kurutulmus materyalin grami basina 56.95+0.78 pmg gallik asit esdegeri) ve flavonoidler (ekstrenin grami basina 86.09+0.35 pmg
kersetin esdegeri) igerdigi bulundu. Ayrica ayni ekstraktin dnemli dl¢ilide daha yliksek DPPH indirgeme giiciine ve siipiirme kapasitesine
(Inhibisyon % = 91.77+0.12) sahip oldugu gdzlenmistir. Bu bulgular, Silybum marianum toprak iistiinde kalan kisimlarimin gida, ilag
ve kozmetik endiistrilerinde dogal bir antioksidan kaynagi olarak kullanilabilecegini gostermektedir.

Anahtar Kelimeler: Antioksidan kapasitesi, Silybum marianum, total flavonoid, total fenol.

* Corresponding Author: erten.akbel @usak.edu.tr

http.//dergipark.gov.tr/ejosat 17



http://dergipark.gov.tr/ejosat
mailto:erten.akbel@usak.edu.tr
mailto:ibrahim.bulduk@usak.edu.tr

Avrupa Bilim ve Teknoloji Dergisi

1. Introduction

Silybum marianum L.(Figure 1) are cultivated in the region
from Southern Europe to Northern Africa, as its seeds have
medicinal potential. The primary purpose of its cultivation is the
extraction of silymarin, which is used to cure liver diseases, from
its edible seeds. Silybum marianum seeds contain many
flavonolignans. The main active compound in the seeds is a
flavonoid known as silymarin, which is widely used to regenerate
damaged liver tissues. Many research have indicated silymarin's
efficacy in chemoprevention and hepatoprotection [1], [2].

Fig. 1 Silybum marianum L.

The antioxidant and free radical scavenging qualities of
silymarin contribute to its capacity to protect the liver. Silymarin
has the potential to remove free radicals from the body.It has been
proven to increase superoxide dismutase activity in erythrocytes
and glutathione production in hepatocytes [3]. Flavonolignans
demonstrated radical scavenging properties as well as protection
against lipid membrane [4] and low-density lipoprotein damage
[5]. The antioxidant effect is caused by the modulation of
apoptosis, cell proliferation, and differentiation pathways [6].
Many diseases, including cancer and Alzheimer's, can be caused
by reactive oxygen species [7]. They are created in the human
body as a result of environmental stress and normal biochemical
reactions [8]. Fatty acid oxidation in cell membranes can reduce
fluidity and permeability while also damaging macromolecules
such as DNA, RNA, and other cellular components [9].Silymarin
supports normal cell membrane fluidity by interacting with its
constituents [10].

2. Material and Method
2.1. Reagents

Folin-Ciocalteu reagent, gallic acid, and quercetin standards,
aluminum chloride hexahydrate, methanol, and sodium carbonate
were obtained from from Sigma-Aldrich Co. (St Louis, MO,
USA).

The ultrapure water used in the experimental studies with a
conductivity of less than 0.05 puS cm-1 was produced using a
Milli-Q System. All other chemicals were of analytical purity.

In this study, silybum marianum was grown on the grounds of
Turkey's Usak University Faculty of Agriculture and Natural
Sciences. The plant's various organs were divided up and dried
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for 15 days in a dark environment. The dried material was
crushed in a mortar to a fine powder.

2.2. Analytical Instruments

A dual beam UV-Visible spectrophotometer using 1.0 cm
quartz cells and UV-Probe software was used ( Shimadzu UV-
1800 spectrophotometer, Japan).

2.3. Standard solutions

25 mg of reference standard was weighed precisely and
transferred to a 50 mL volumetric flask, and a 15 mL methanol
was added. The content of the volumetric flask s was sonicated
for 5min, and the volume was filled up to the mark with
methbanol. Thus, a stock standard solution with a concentration
of (500 pg mL-1) was prepared. The standard solution series (50—
300 ug'mL—1, n = 6) was prepared by diluting from this stock
solution with methanol. They were filtered through a membrane
filter with a porosity of 0.45 pm.

2.4. Extraction

500 mg of dried, ground plant material was carefully weighed
into 100 ml flasks and 50 ml of solvent (70% methanol + 30%
ultrapure water) was added. Ultrasound assisted extraction (UAE)
was performed for 15 min. using a Bandelin Sonorex ultrasonic
bath with a frequency of 50 kHz. Erlenmeyers were placed in an
ultrasonic bath for standard ultrasonic conditions. The solvent
levels in the Erlenmeyers and the water level in the ultrasonic bath
were kept the same. The extraction process was carried out by
adjusting the temperature and time value of the ultrasonic bath.
Following extraction, the mixture was filtered using white band
filter paper (Whatman).

2.5. Total phenolic content

Total phenolic compounds were determined in each extract
by the Folin-Ciocalteu method as previously described [11]. The
extract (1 mL), 0.5 mL of Folin—Ciocalteu reagent, 2 mL of
ultrapure water and 4 mL of sodium carbonate solution (75 g L-
1) were mixed. After the mixture was kept in the dark at 20 °C for
40 minutes, the absorbance value was measured at a wavelength
of 765 nm in a spectrophotometer device. Gallic acid methanolic
solutions were used to create a calibration curve, and the results
were represented as gallic acid equivalents (GAE).

2.6. Total flavonoid content

The content of flavonoids was determined colorimetrically
[12]. Flavonoid content was determined from a quercetin
calibration curve and results were expressed as quercetin
equivalents (QE). The extract (1 mL) was mixed with 1 mL of
AICI3 solution (20 g L-1) in ethanol and diluted to 25 mL with
ethanol. After the mixture was kept at 20 °C for 40 minutes, the
absorbance value was measured at a wavelength of 415 nm in a
spectrophotometer device. 1 drop of acetic acid was added to 1
mL of extract, then the volume was diluted to 25 ml with ethanol
and blank samples were prepared. A quercetin calibration curve
was also used for flavonols prepared by mixing quercetin ethanol
solutions with 2 mL AICI3 (20 g L-1) and 6 mL sodium acetate
(50 g L-1). Absorbance, after 2.5 hours of incubation at 20 °C, the
absorbance value of the mixture was read at 440 nm on a
spectrophotometer device. The same procedure was performed
with 2 mL of plant extract instead of quercetin solution. The
content of flavonols was finally expressed as QE.
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2.7. Total flavonoid content

The content of flavonoids was determined colorimetrically
[12]. Flavonoid content was determined from a quercetin
calibration curve and results were expressed as quercetin
equivalents (QE). The extract (1 mL) was mixed with 1 mL of
AICI3 solution (20 g L-1) in ethanol and diluted to 25 mL with
ethanol. After the mixture was kept at 20 °C for 40 minutes, the
absorbance value was measured at a wavelength of 415 nm in a
spectrophotometer device. 1 drop of acetic acid was added to 1
mL of extract, then the volume was diluted to 25 ml with ethanol
and blank samples were prepared. A quercetin calibration curve
was also used for flavonols prepared by mixing quercetin ethanol
solutions with 2 mL AICI3 (20 g L-1) and 6 mL sodium acetate
(50 g L-1). Absorbance, after 2.5 hours of incubation at 20 °C, the
absorbance value of the mixture was read at 440 nm on a
spectrophotometer device. The same procedure was performed
with 2 mL of plant extract instead of quercetin solution. The
content of flavonols was finally expressed as QE

2.8. Antioxidant activity

Antioxidant activity was determined using the DPPH (2,2-
diphenyl-1-picrylhydrazil) radical method [13]. For this, 0.0024 g
of DPPH was precisely weighed and a stock solution of DPPH
reagent (6 x 10 -5 M) was prepared by dissolving in 100 mL of
methanol. A working solution of DPPH with a concentration (40
mg L-1) was prepared from the stock reagent solution by diluting
it with methanol. 300 pL of sample extract and 5700 pL of DPPH
working solution were mixed in a 10 mL test tube. The mixture
was incubated for 60 minutes at room temperature in a dark
environment. The absorbance of the reaction mixture against
ultrapurewater was measured at 517 nm using a
spectrophotometer (Shimadzu UV-1800 spectrophotometer,
Japan). On the other hand, a control solution without sample
extract was prepared and its absorbance against ultrapure water
was measured at 517 nm in a spectrophotometer device. The
antioxidant activity was calculated as:

Antioxidant activity (%) = (AC(O) 517 — AA(t) 517 ) / AC(O)
517 x 100

where AC(O) 517 is the absorbance of the control at t = 0 min
and AA(t) 517 is the absorbance of the antioxidant att=1 h.

3. Results and Discussion
3.1. Total phenolic content

Calibration curve generated with gallic acid standards were
presented Figure 2. TPC values of different parts of plant material
are presented in Table 1 as mg gallic acid equivalent (GAE) per g
dried plant.
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Gallic Acid Calibration Curve
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Fig. 2 Calibration curve of gallic acid standards

Sample TPC + S.D. mg. GAE/ g d.w.
Stem 56+0.77
Leaves 46+0.86
Flowers 39+1.04

Table 1. Total phenolic contents of Silybum marianum
organs

3.2. Total flavonoid content (TFC)

Calibration curve generated with quercetin standards were
presented Figure 3. TFC values of different parts of plant material
are presented in Table 2 as mg quercetin equivalent (QE) per g
dried plant.

Quercetin Calibration Curve

0,030
8 -
£ 0,020 .
£
3 v
£ 0,010 L

e y=0,0001x - 0,0015
0,000 R2=0,9992
0 100 200 300

Concentration (Quercetin) mg mL!

Fig. 3 Calibration curve of quercetin standards

Table 2. Total flavonoid contents of Silybum marianum
organs

Sample TPC = S.D. mg. QE/ g d.w.
Stem 85+0.66
Leaves 62+0.92
Flowers 44+1.12
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3.3. Antioxidant activity

Antioxidant activity was determined using the DPPH (2,2-
diphenyl-1-picrylhydrazil) radical method. Antioxidant activity
of different parts of plant material are presented in Table 3 as
inhibition %.

Table 3. Antioxidant activity of Silybum marianum organs

Sample A.A. = S.D. Inhibition %
Stem 85+0.66
Leaves 62+0.92
Flowers 44+1.12

Ascorbic acid solution (500 pg mL-1 ) was used as the control
solution in the antioxidant test. The capacity of ascorbic acid
solution to inhibit DPPH radical was determined as 95%.

TFC, TPC and antioxidant activities of methanol extracts of
five organs (ie main stem, leaves, flowers) of Silybum marianum
L. were investigated. Total phenolic content was highest in the
stem parts and then in the leaves and flowers, respectively. The
total flavonoid content was similarly highest in the stem parts and
then in the leaves and flowers, respectively. The organs of
Silybum marianum L. can be used for flavonoid extraction. The
antioxidant activity of the methanol extract from the organs of
Silybum marianum L. was the highest of the stem extract,
followed by the leaves. It was surprising that the phenolic,
flavonoid and antioxidant activity of flowers from the stamens of
Silybum marianum L. were lower than those of other organs.
More studies are needed to identify other active compounds in the
herb. The identity of flavonoids that may have contributed to the
antioxidant activity in this herb should also be determined.

4. Conclusions and Recommendations

In conclusion, this study shows that extracts obtained from the
organs of Silybum marianum L. plant have significant free radical
scavenging activity on DPPH radical. The data show that
methanolic extracts of Silybum marianum L. are a potential
source of natural antioxidants.
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Oz

Etki-dayaniklilik modelleri giivenilirlik analizinde 6nemli bir role sahiptir. Bu modelde etki degigkeni, bir bilesene (sisteme) digsaridan
etki eden faktorlere, dayaniklilik degiskeni ise bilesenin (sistemin) bu dis faktorlere karsi gosterdigi dirence karsilik gelmektedir. Bu
calisma kapsaminda; faaliyetteki bir isletmenin her bir deposunda talep ve teslim siiresi rasgele olan bir (s,S) envanter ydnetim
modelinin kullanildig1 varsayimi tizerine bir simiilasyon ¢aligsmasi yapilmistir. Caligmanin hedefi, tek bir deponun toplam maliyeti ve
depo i¢in dnceden belirlenmis olan biitge ele alinarak isletmenin envanter ydnetim modelinin giivenilirliginin etki-dayaniklilik
modellerinden yararlanilarak hesaplanmasidir. Diger hedef, farkli yeniden siparis noktalar1 kullanilarak isletmenin tek bir deposunun
envanter yonetim modelinin optimizasyonunun yapilmasi ve modelin giivenilirligini maksimum diizeye ¢ikaran yeniden siparis
noktalarinin belirlenmesidir. Isletmenin tek bir deposu igin envanter yonetim modelinin toplam maliyeti dayaniklilik rasgele degiskeni
(X) ve depo igin 6nceden belirlenmis olan biit¢e de etki rasgele degiskeni (Y) olarak ele alinmig; bu degiskenlerin normal dagilimdan
geldigi durum i¢in envanter sisteminin giivenilirligine karsilik gelen P(Y > X) olasiligi hesaplanmigtir. Envanter yonetim modelinin
varsayimlarinin degismesinin sistem giivenilirligi {izerindeki etkisinin incelenmesi amaciyla envanter varsayimlarindan bazilari
degistirilmis ve bu olasilik tekrar hesaplanmistir. Hesaplanan giivenilirlik degerleri kargilagtirilmis ve envanter yonetim modelinin
giivenilirligi analiz edilmistir.

Anahtar Kelimeler: Etki-Dayaniklilik Sistem Gtivenilirligi, (s, S) Envanter Sistemi, Simiilasyon, Giivenilirlige Dayali Optimizasyon

Stress-Strength Reliability Of (s,S) Inventory System

Abstract

Stress-strength models play an important role in reliability analysis. In these models, stress refers the external factors imposed upon a
component (system) and the strength refers the resistance of the component (system) available to overcome the stress. In this work, a
simulation study was conducted assuming (s, S) inventory management model in which demands and lead times are random was used
in each warehouse of a company. The aim of this work is to calculate the reliability of the inventory management model of the company
by using the stress-strength models, considering the total cost and predefined budget of the warehouse. The other aim is optimizing
inventory management model of a single warehouse by using different reorder points and identifying the reorder points that maximize
the reliability of the inventory management model. To achieve this purpose, total cost of a single warehouse was considered as the
strength variable (X) and the predefined budget for the warehouse as the stress variable (Y); the probability of P(Y > X), which
corresponds to the reliability of the inventory system, was calculated assuming both variables follow normal distribution. In order to
examine the effect of the change in assumptions of inventory management model on system reliability, some assumptions were changed
and the probability was recalculated. These reliabilities were compared and the reliability of the inventory model was analyzed.

Keywords: Stress-Strength Reliability, (s, S) Inventory Systems, Simulation, Reliability Based Optimization.
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1. Giris

Envanter; firmalarin, kurumlarin veya isletmelerin gelecekte
olusabilecek talebi karsilamalari ve iglemlerin verimli, hatasiz bir
sekilde yiiriimesi i¢in ellerinde tuttuklari {iriin ve hammaddelerdir
(Kasap vd., 2010). Envanter, isletmelerin yatirim yaptig1 en pahali
varliklardan biri oldugu i¢in envanter maliyetlerinin belirlenmesi
stratejik bir onem tasimaktadir. Isletmelerin envanter tutma
maliyetlerinin belirlenmesinde ve miisteri taleplerinin sorunsuz
bir sekilde karsilanmasindaki kilit nokta envanter diizeyidir.
Envanter diizeyinin diisiik olmasi durumunda miigteri talepleri
karsilanamaz ve bu durum tiketici memnuniyetsizligi,
giivensizlik, stoksuzluk maliyeti, itibar kayb1 ve miisteri kayb1
gibi olumsuzluklara neden olur. Envanter diizeyinin yiiksek
olmas1 durumunda ise; depo giderleri (kira, elektrik, dogalgaz),
giivenlik harcamalari, c¢alisan giderleri, sigorta ve vergi
O0demeleri, yipranma (amortisman) ve mallarin modasinin
geemesi gibi birgok sorun ve ¢ikt1 ile karsilagilabilir. Bu yiizden
isletmeler minimum maliyeti saglayacak ve ayni zamanda
calisma programlarini kesintiye ugratmayacak optimal envanter
diizeyi belirlemelidir. Bu durum, etkin ve verimli bir envanter
yonetim (kontrol) yaklasiminin benimsenip, bir diizen igerisinde
stirdiiriilmesi ile miimkiindiir. Envanter kontrol yaklagimlari,
benimsenen yaklagimin optimizasyonu, giivenilirligi  ve
performansi gibi konular literatiirde siklikla ¢aligilmistir. Ahmed
ve Sultana (2014), Almaktoom et al. (2016), Hejazi (2017),
Huang (2017) ve Maji et al. (2020) bu galismalara 6rnek olarak
verilebilir.

Birgok aragtirmaci bir {irliniin ne zaman ve ne kadar siparis
edilecegini tespit etmek amaciyla etkili envanter politikalar:
belirlemek i¢in biiyiik ¢aba sarf etmistir. (s, S) envanter politikasi
da bu politikalardan biridir. Envanter alt sinir1 s, teslimat siiresi
boyunca gelecek talebi karsilayacak bir miktar giivenlik stogudur.
Ust sinir S ise isletmenin envanterinde bulundurmasi gereken
maksimum stok sayisidir. Bu politikaya gore envanter her t zaman
araliginda yeniden kontrol edilir. Envanter diizeyi yeniden siparis
noktasi olan minimum s degerinin altina diistiigiinde, stogu iist
siir olan S degerine tamamlayacak sayida siparig verilir.

Caligmanin hedefi; bir isletmenin her bir deposunda talep ve
teslim siiresi rasgele olan bir (s,S) envanter yonetim modelinin
kullanildig1 varsayimi iizerine bir simiilasyon ¢aligmasi yapilarak,
tek bir deponun toplam maliyeti ve depo i¢in 6nceden belirlenmis
olan biitce ele alinarak isletmenin envanter yonetim modelinin
giivenilirliginin etki-dayaniklilik modellerinden yararlanilarak
hesaplanmasidir. Diger hedef, farkli yeniden siparis noktalari
kullanilarak isletmenin tek bir deposunun envanter ydnetim
modelinin  optimizasyonunun  yapilmasi ve  modelin
giivenilirligini maksimum diizeye ¢ikaran yeniden siparis
noktalarinin belirlenmesidir.

2. Materyal ve Metot

2.1. Etki-Dayamkhlik Giivenilirligi

Etki-dayaniklilik modelleri giivenilirlik analizinde siklikla
kullanilan ydntemlerden biridir. Bu modelde etki degiskeni, bir
bilesene (sisteme) disaridan etki eden faktorlere, dayaniklilik
degiskeni ise bilesenin (sistemin) bu dis faktorlere karsi
gosterdigi dirence  karsilik gelmektedir. Matematiksel olarak
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ifade edildiginde, X rasgele degiskeni dayaniklilik, Y rasgele
degiskeni ise etkiyi gostermek iizere, etki-dayamiklilik
givenilirligi R = P(X >Y) olasiligina karsilik gelmektedir
(Kotz et al., 2003). Fakat bu ifade kullanim alanlarina gore
degismektedir. Bir koprii insasinda, kdpriiniin agirlig dayaniklilik
degiskeni X, kopriiniin {izerindeki yiik ise etki degiskeni Y’yi
ifade ettiginde, giivenilirlik R = P(X >Y) olasiligina
kargilik gelmektedir. Bir saglik uygulamasinda ise, X kontrol
grubunun yanitini, Y de tedavi grubunun yanitini temsil etsin. Bu
durumda ise giivenilirlik, yani tedavinin etkinligi R = P(X <Y)
olasilig1 ile ifade edilir (Jiang, 2008). Etki-dayaniklilik modelleri
fizik, mithendislik, genetik, kalite kontrol, psikoloji, ekonomi, tip,
pedagoji, ilag endiistrisi, ziraat ve biyoloji gibi cesitli alanlarda
kullanilmaktadir. Johnson (1988) fiize motorlar1 ve depreme
dayaniklilik gibi miihendislik alanlarinda, Place et al. (1999)
helikopterin iletim sisteminin giivenilirliginin tahmini {izerine
yaptigi ¢alismasinda, Adimari ve Chiogna (2006) tip alaninda,
Domma ve Giordano (2012) ve Hejazi (2017) ise ekonomi
calismalarinda etki-dayaniklilik

alaninda yaptiklari

giivenilirligini kullanmislardir.

X ve Y birbirleriyle iliskili olmadiginda bagimsiz
degiskenler olarak kabul edilir. X ve Y, kiimilatif dagilim
fonksiyonlar: sirasiyla Fy(x) ve Fy(y) olan dayaniklilik ve etki
degiskenleri olmak iizere etki-dayaniklilik giivenilirligi

R=PX>Y)= ff d Fy (0)dFy ()
y<x

(1

ile hesaplanir. Bu ifadedeki etki Y ve dayaniklilik X degiskenleri
rasgele degisken olduklari icin giivenilirlik yalnizca X ve Y'nin
olasilik dagilimlar1 biliniyorsa hesaplanabilir. Bu nedenle, bu
rasgele degiskenlerin dagilimlarint bilmek veya belirlemek
onemlidir.  Ancak  etki-dayaniklililk  modellerini  igeren
calismalarda bu rasgele degiskenlerin dagilimlarmin bilindigi
varsayllmis ve bazi spesifik dagilimlar igin sonuglar elde
edilmigtir.  Yapilan ¢aligmalarda genellikle X ve Y'nin
dagilimlarinin  ayn1 aileden geldigi durumlar incelenmis;
genellikle {istel, normal, gamma, poisson, weibull, log normal ve
pareto dagilimlari i¢in etki ve dayamiklilik giivenilirliginin
hesaplanmasina ve tahmin edilmesine odaklanilmstir.

3.(s,5)
Dayanmikhilik Giuivenilirligi

Bu calisma kapsaminda; faaliyetteki bir isletmenin, her bir
deposunda talep ve teslim siiresi rasgele olan bir (s, S) envanter
yonetim modelinin  kullanildigi  varsayilmigti.  Kullanilan
envanter modeline iligkin varsayimlar asagida verilmekte olup bu
varsayimlar ~ Hejazi  (2017)  caligmasinda  kullanilan
varsayimlardan olusmaktadir:

Envanter Sisteminin Etki-

1. Isletme, envanter sisteminde sadece tek bir iiriinii stogunda
bulundurmaktadir.

2. I(t), t anindaki envanter seviyesi (bir tam say1) olmak iizere;
1(0) = 60 ‘dir.
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3. Simiilasyon, 120 giin boyunca gece giindiiz durmadan
caligtirilmaktadir.

4. Misteri gelisleri arasindaki siire 0.1 giin ortalamali {istel
dagilima sahiptir (24 saat boyunca).

5. Talep boyutu kesikli bir rassal degiskendir ve 1,2,3 ve 4
degerlerini sirastyla 0.167, 0.333, 0.333, 0.167 olasiliklar1 ile
almaktadir.

6. Eger isletmede miisterinin talebini fiziksel olarak karsilayacak
sayida {iriin varsa, miisterinin talebi tamamen karsilanmaktadir.
7. Eger miisterinin talebi igletmenin elindeki iiriin sayisindan fazla
ise miisteri elde hazir bulunan kadarim alir ve geri kalan talep
miktar1 birikir ( /(t) biriken talep miktarina esit negatif bir deger
alir).

8. Envanter seviyesi
degerlendirilmektedir
(t=0,1,2,..,120).
9. Yonetimsel olarak s = 20 ve S = 40 olmak {izere iki sabit tam
say1 secilir (bu degerler degistirilebilir, fakat her zaman s < S
kosulu saglanmalidir).

10. Eger I(t) = s ise, bir sonraki envanter degerlendirmesine
kadar herhangi bir islem yapilmayacaktir.

11. Eger I(t) < s ise liretici firmadan S — I(t) sayida iriin siparis
edilmelidir

( Ust smir S’ye tamamlanacak sekilde).

12. Siparis maliyeti $32 ve trtin fiyat1 $3’dur.

13. Elde bulundurma ve stoksuzluk maliyetleri her bir iiriin i¢in
sirastyla $1 ve $5°dir.

Uriinlerin iiretici firmadan tedarigi 0.5 ile 1 giin arasinda tekdiize
dagilima sahip bir teslim siiresine sahiptir. Burada biitgenin (V)
ortalamas1 130 ve varyansi 12 olan normal dagilimdan geldigi
varsayimi kullanilmigtir (Hejazi, 2017).

her giiniin baginda kontrol edilip,

Varsayimlara uygun olarak R yaziliminda simiile edilen
envanter sisteminde, s ve S degiskenleri dayaniklilik rasgele
degiskeni maliyet icin agiklayici degiskenlerdir. s ve S
degiskenlerinin seviyeleri sirasi ile (5,15,25) ve (30,45, 60)
olarak belirlenmis ve

s — [max(s)+min(s)]
2

Z = [max(s)—min(s)]
2
S — [max(S):min(S)]
Z = [max(S)—min(S)]
2
doniigimleri  ile bu seviyeler (—1,0,1) = (5,15,25) ve

(—1,0,1) = (30,45,60) olarak kodlanmuslardir. iki faktor
(agiklayict degisken) ve ii¢ seviye iizerinden 5 tekrar ile 32
faktoriyel tasarim kullanilarak toplam maliyet i¢in sonuglar Tablo
1’deki gibi elde edilmistir.
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Tablo 1. Yeniden siparis noktalar igin simule edilen toplam
maliyet degerleri

Tekrarlar ($)
Yeniden
Siparis 1 2 3 4 5
Noktalar
(5,30) 148,75 | 144,63 | 142,08 | 145,83 | 149,82
(5,45) 142,08 | 139,18 | 142,19 | 137,45 | 139,81
(5,60) 138,60 | 135,50 | 137,70 | 136,08 | 137,79
(15,30) 128,93 | 133,18 | 135,51 | 132,85 | 134,66
(15,45) 126,45 | 125,13 | 129,20 | 131,43 | 127,56
(15,60) 122,04 | 125,88 | 123,05 | 128,38 | 121,78
(25,30) 131,12 | 128,34 | 132,43 | 133,95 | 130,19
(25,45) 123,73 | 125,72 | 124,94 | 124,93 | 119,50
(25,60) 123,15 | 120,62 | 123,31 | 117,44 | 122,75

Toplam maliyet degiskeni, envanter alt (s) ve ist (S) siir
degerleri iizerinden modellenerek dayaniklilik rasgele degiskeni
i¢in bir tahmin modeli olusturulmustur. Yapilan regresyon analizi
sonucunda;

X(2) = 127,341 — 7,846z, — 4,606z, + 4,918z,2
+1,5922,2

(0.000) (0.000) (0.000) (0.000) (0.038)

denklemi en uygun model olarak belirlenmistir (R2, ;= %92).
Bu model kullamlarak elde edilecek olan X tahminlerinin
dagilimi, z, dayaniklilik rasgele degiskeninin tahmin edilmek
istendigi yeniden siparis noktasi olmak iizere, Zy ~ N(a(z,)'S,
0%a(zy)'(Z'Z) *a(z,)) olacaktir. Regresyon analizi siirecine
iliskin matris gosterimleri ve X’nin dagilimi iizerinden X
dayaniklilk rasgele degiskeninin dagilim, &~N(0,0?)
varsayimi altinda, asagidaki sekilde elde edilecektir:

1 Zi1 Zi2 212 zy,° Z11Z12
Z=|: i : : : P
1 Zn1 Zn2 Zn12 anz Zn1Zn2
By
X B
1 R
X=|i| B= '532
Xn P11
Ba2
B12]
a(z) = (1,2, 2y, 7%, 2,%,2,2,) olmak iizere g =

(Z'2)'Z'X , B~ N(B,0%(Z'Z)"") olacaktir. Buradan X(z)
tahminlerine ve dagilim karakteristiklerine gegis yapilirsa,

X(2) = a()p
E ()?(z)) =E(a(2)B) = a(2)B
Var ()?(z)) =c%a(2)(Z'2)'ad' (z) = 0%3(»
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elde edilecek ve buradan da X(z) ~ N(a(2)p ,025(,)) sonucuna
ulasilacaktir. Bu noktada 6zel olarak etki ve dayaniklilik rasgele
degiskenlerinin dagilimi normal dagilim olarak ele alinacak
olursa

R=PX<Y)=PX(x)<Y)=P(X(x)-Y <0)

_p / (K@ -¥)-EE@-¥) _0-E(f@ < y)\

/V()?(x) -Y) /V()?(x) <Y) /

:P<Z< Hy —z(x)B ):cb( Hy —z(x)B ):ﬁ

2
seklinde ilgili olasilik kolaylikla hesaplanabilmektedir.

Giivenilirlik fonksiyonu, dayaniklilik rasgele degiskeni
(deponun toplam maliyeti) ile etki rasgele degiskeninin (biitce)
bagimsizligr altinda ve dagilim bilgisi kullanilarak elde
edilecektir. P(Y > X) olasiliginin hesaplanmasinda, X(2) ~
N(a(2)B,0? %(z)) tahmin degerleri ve esitlik (2) kullanilarak,
farkli yeniden siparis noktalari igin isletmenin envanter yonetim
modelinin giivenilirligi hesaplanmis ve Tablo 2’de verilmistir.

Tablo 2. Isletmenin envanter yonetim modelinin farkl yeniden
siparis noktalarina gore giivenilirligi

Yeniden Yeniden
Siparis Giivenilirlik Siparis Giivenilirlik
Noktalar Noktalari
41 Zy p Zy Z3 P
] ] 0,7630 0 0 0,5876
0,77 | 0,99 0,7677 -0,5 0 0,4178
0,5 1 0,7569 -1 0 0,2002
0 1 0,6815 1 -0,5 0,5949
-0,5 1 0,5173 0,5 -0,5 0,5874
-1 1 0,2776 0 -0,5 0,4986
1 0,5 0,7365 -0,5 -0,5 0,3327
0,5 0,5 0,7272 -1 -0,5 0,1432
0 0,5 0,6480 1 -1 0,4797
-0,5 0,5 0,4805 0,5 -1 0,4720
-1 0,5 0,2474 0 -1 0,3840
1 0 0,6790 -0,5 -1 0,5028
0,5 0 0,6721 -1 -1 0,0874

Tablo 2 incelendiginde giivenilirlik fonksiyonunun en yiiksek
degerini, z, = (0.77, 0.99) noktasi civarinda aldigi
gorillmektedir. Tablo 2°deki giivenilirlik fonksiyonunun
faktorlere bagli olarak aldig1 degerler seviyelendirilmis ve her bir
seviye farkli bir renk ile Sekil 1’deki grafikte gosterilmistir.

e-ISSN: 2148-2683

0.7 — 0.8 araligin1 ifade eden kahverengi rengi, fonksiyonun aldig
degerlerin en {ist seviyesini gostermektedir.

Giivenilirlik Fonksiyonunun
Faktorlerdeki Degisim Yiizey Grafigi

m0,7-0,8
m0,6-0,7

0,5-0,6
m0,4-0,5

Giuivenilirlik

m0,3-0,4

0,2-0,3
m0,1-0,2
m0,0-0,1

Sekil 1. Giivenilirlik fonksiyonunun faktorlerdeki degisime
karsilik yiizey grafigi

Ters doniisim fonksiyonlart uygulanarak bilesen bazinda
giivenilirligin  hangi (s, S) seviyesinde maksimum oldugu
belirlenmis olacaktir.

[max(s) — min(s)] [max(s) + min(s)]
T

[25 - 5] [25+ 5]
=0.77( > >+( > )=22.7

[max(S) — min(S)] [max(S) + min(S)]
o ) o i)

=0.99 <[60 ; 30]) + <[60 er 30]) =5985

olarak hesaplanmistir. Bu da, envanter alt (s) ve {ist stnirlariin
(S) swrast ile 22.7 ile 59.85 oldugu durumun, isletmenin
envanter yonetim modelinin (bilesen bazinda) giivenilirligini
maksimum diizeye ¢ikardig1 anlamina gelmektedir.

Envanter modelinin varsayimlarindan (5), talep boyutunun
1, 2, 3 ve 4 degerlerini alma olasiliklari, sirastyla 0.175, 0.325,
0.236 ve 0.264 olarak varsayilmisti. Bu varsayim altinda
envanter sistem simiilasyonu tekrar ¢aligtirtlarak benzer adimlar
uygulanmis ve bu deponun maliyet verileri igin uygun
regresyon modeli elde edilmistir. Elde edilen regresyon
modeline bagli olarak dagilim parametrelerinin tahmin degerleri
hesaplanmis ve yeniden siparis noktalar1 icin deponun envanter
yonetim modelinin giivenilirligi elde edilmistir. Ilk varsayimlara
gore hesaplanan giivenilirlik R;, talep boyutunun degistirilmesi
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ile hesaplanan  giivenilirlik R, olmak {izere, hesaplanan
sonuglar Tablo 3’de verilmistir.

Tablo 3. Envanter yonetim modelinin varsayimlara
gore giivenilirligi (Ry, R,)

Yeniden Siparis R, R,
Noktalar:
-1 -1 0,0874 0,4729
-1 0 0,2002 0,6901
-1 1 0,2776 0,6323
0 -1 0,3840 0,6772
0 0 0,5876 0,8473
0 1 0,6815 0,8070
1 -1 0,4797 0,6517
1 0 0,6790 0,8300
1 1 0,7630 0,7870
Tablo 3 incelendiginde z, = (0, 0) olarak kodlanan
(s, §) = (15,45) envanter alt ve Gist sinirlarinin envanter yonetim
modelinin  giivenilirligini  maksimum diizeye c¢ikardigi
goriilmektedir.

Yine farkli varsayimlarin giivenilirlik iizerindeki etkisinin
incelenebilmesi amaciyla, envanter sistemi varsayimlardan (4)
miisteri varig zamanlar1 0.5 giin ortalamayla iistel bir dagilima
sahip olacak sekilde degistirilmis ve etki rasgele degiskeninin (Y)
ortalamas1 50 ve varyanst 5 olan normal dagilimdan geldigi
varsayimt kullanilmistir. Envanter sistem simiilasyonu tekrar
calistirllarak ve benzer adimlar izlenerek deponun envanter
yonetim modelinin giivenilirligi elde edilmistir. Tk varsayimlara
gore hesaplanan giivenilirlik R;, miisteri varig zamanlart ve
biitgenin degistirilmesi ile hesaplanan giivenilirlik R; olmak
iizere, hesaplanan sonuglar Tablo 4’de verilmistir.

Tablo 4. Envanter yonetim modelinin varsayimlara gore
giivenilirligi (R4, R3)

Yeniden Siparis R, R;
Noktalar:
-1 -1 0,0874 0,9837
-1 0 0,2002 0,9659
-1 1 0,2776 0,7092
0 -1 0,3840 0,8538
0 0 0,5876 0,7707
0 1 0,6815 0,2977
1 -1 0,4797 0,2139
1 0 0,6790 0,1346
1 1 0,7630 0,0087
Tablo 4 incelediginde z, = (—1, —1) olarak kodlanan

(s, §) = (5,30) envanter alt ve ist siirlarmin envanter
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yonetim modelinin giivenilirligini maksimum diizeye ¢ikardigi
goriilmektedir.

4. Sonuc¢

Faaliyetteki bir igletmenin her bir deposunda talep ve teslim siiresi
rasgele olan bir (s,S) envanter yonetim modelinin kullanildigi
varsayimi iizerine bir simiilasyon ¢aligmast yapilmistir.
Isletmenin tek bir deposu igin toplam maliyet dayamklilik rasgele
degiskeni (X) ve 6nceden belirlenen depo biitgesi ise etki rasgele
degiskeni (Y) olarak ele alinmis; bu degigkenlerin normal
dagilimdan geldigi durum i¢in envanter sisteminin giivenilirligine
karsilik gelen P(Y > X) olasilig1 hesaplanmugtir. Farkli yeniden
siparis noktalar1 ele alinarak envanter sisteminin giivenilirligini
optimize eden envanter alt ve iist sinirlar elde edilmistir. Envanter
yonetim modelinin varsayimlarinin degismesinin giivenilirlik
iizerindeki etkisinin incelenmesi amaciyla varsayimlardan
bazilar1 degistirilmis ve bu olasilik tekrar hesaplanmigtir. Calisma
sonucunda, varsayimlarin de§igmesinin ayni zamanda sistem
giivenilirligini maksimize eden yeniden siparis noktalarinin
(envanter alt ve ist smirlarinin) degismesine neden oldugu
gorilmiistiir.

Kaynakc¢a

Adimari, G., Chiogna, M., 2006, Partially parametric interval
estimation of Pr{Y >X}. Computational Statistics & Data
Analysis 51,1875 — 1891 pp.

Ahmed, I. and Sultana, 1., 2014, A literature review on inventory
modeling with reliability consideration. [International
Journal of Industrial Engineering Computations 5:169—178
pp.

Almaktoom, A.T., Krishnan, K.K., Wang, P. and Alsobhi, S.,
2016, Cost efficient robust global supply chain system design
under uncertainty, [International Journal of Advanced
Manufacturing Technology, vol. 85, no. 1-4, 853—868 pp.

Domma, F., Giordano, S., 2012, A stress-strength model with
dependent variables to measure household financial fragility,
Stat. Methods Appl., vol. 21, 375-389 pp.

Eryilmaz, S., 2008, Multivariate stress—strength reliability model
and its evaluation for coherent structures, Journal of
Multivariate Analysis, 99, 1878—1887 pp.

Eryilmaz, S., 2008, Consecutive k-out-of-n : G system in stress-
strength setup, Communications in Statistics-Simulation and
Computation, vol. 37, n0.3, 579-589 pp.

Hejazi, T. H., 2017, A multiresponse model for reliability-based
simulation optimization in systems subjected to random
external stresses, Qual Reliab. Engng Int., vol.33, 1225-1233

Huang, C., 2017, Evaluation of system reliability for a stochastic
delivery-flow distribution network with inventory. Annals of
Operations Research, Springer, vol. 277(1),33-45 pp.

Jiang, L. and Wong, A. C. M., 2008, A note on inference for
P(X<Y) for right truncated exponentially distributed data,
Stat Papers, 49, 637-651 pp.

Johnson, R.A., 1988, 3 Stress-strength models for reliability,
Handbook of Statistics, Vol.7, 27-54 pp.

Kasap, N., Bicer, I. ve Yiiksel Ozkaya, B., 2010, Stokastik
envanter model kullanilarak is makinelerinin onariminda
kullanilanilan kritik yedek pargalar igin envanter yonetim
sistemi olusturulmasi, Istanbul University Journal of the
School of Business Administration Cilt/Vol:39, Say1/No:2,
310-334s.

25


https://ideas.repec.org/s/spr/annopr.html
https://ideas.repec.org/s/spr/annopr.html

Avrupa Bilim ve Teknoloji Dergisi

Kotz, S., & Pensky, M., 2003, The stress-strength model and its
generalizations: theory and applications. Singapore: World
Scientific

Maji, A., Bhunia, A.K. and Mondal, S.K., 2020, Exploring a
production-inventory model with optimal reliability of the
production in a parallel-series system, Journal of Industrial
and Production Engineering, 37:2-3, 71-86 pp.

Place, C.S., Strutt, J.E., Allsopp, K., Irving, P.E. and Trille C.,
1999, Reliability Prediction Of Helicopter Transmission
Systems Using Stress—Strength Interference With Underlying
Damage Accumulation, Quality And Reliability Engineering
International, 15: 69-78 pp.

e-ISSN: 2148-2683

26



I European Journal of Science and Technology
Ozel Say1 43, S. 27-31, Kasim 2022 P, Special Issue 43, pp. 27-31, November 2022
© Telif hakki EJOSAT a aittir » A Copyright © 2022 EJOSAT

ol SN
Arastirma Makalesi www.ejosat.com ISSN:2148-2683 Research Article

Avrupa Bilim ve Teknoloji Dergisi

Diisiik Maliyetli Sogutulabilir insiilin Kalem Kutusunun Tasarim ve
Prototip Imalat:

Mustafa Giines!”, Abdulhamit Sevgi?, Cigdem Serdengegti’

" OSTIM Teknik Universitesi, Meslek Yiiksekokulu, Elektronik ve Otomasyon Boliimii, Ankara, Tiirkiye, (ORCID: 0000-0002-0266-6370),

mustafa.gunes@ostimteknik.edu.tr
2 OSTIM Teknik Universitesi, Meslek Yiiksekokulu, Elektronik ve Otomasyon Boliimii, Ankara, Tiirkiye, (ORCID: 0000-0003-3567-848X),

abdulhamit.sevgi@ostimteknik.edu.tr
3 OSTIM Teknik Universitesi, Meslek Yiiksekokulu, Elektronik ve Otomasyon Boliimii, Ankara, Tiirkiye, (ORCID: 0000-0003-1318-2010),

cigdem.serdengecti@ostimteknik.edu.tr
(4th International Conference on Applied Engineering and Natural Sciences [ICAENS 2022, November 10 - 13, 2022)

(DOI: 10.31590/ejosat.1201924)

ATIF/REFERENCE: Giines, M. & Sevgi, A., Serdengecti, C. (2022). Dusiik Maliyetli Sogutulabilir Insiilin Kalem Kutusunun Tasarim
ve Prototip Imalati. Avrupa Bilim ve Teknoloji Dergisi, (43), 27-31.

Oz

Pankreasin insiilini hig¢ tiretemedigi veya {iretilen insiilinin viicut tarafindan etkin bir sekilde kullanilamadigi durumlarda kan sekerinin
yiikselmesine bagli olarak ortaya c¢ikan ve kronik bir hastalik olan diyabetin Tip 1 tiirlinde hastanin hayatinin riske girmemesi i¢in
alinmasi gereken doz, insiilin enjektor kalemleri ile saglanir. Kullanilan bu kalemler, insiilinin sicakliktan etkilenerek 6zelligini yitirmesi
sebebiyle soguk zincirde muhafaza edilmelidir. Aksi takdirde hastaya ciddi zararlar verebilmesi miimkiindiir. Ev ortaminda genellikle
bu kalemler buzdolabinda muhafaza edilirken, ev dis1 ortamlarda korunmasi problem olmakta, hastalar degisen ortam sicakliklarindan
dolayi insiilin kalemlerini yanlarinda tasimakta giicliik cekmektedir. Bu problemin giderilmesine yonelik piyasada sinirli sayida insiilin
kalem kutular1 mevcut olup, maliyetleri oldukg¢a yiiksektir. Yiiksek maliyet sebebiyle toplumun her kesimi tarafindan ulagilmasi
zorlagmaktadir. Bu c¢alismada Tip 1 diyabetli bireylerin dig ortamlarda muhafaza edebilecekleri boyutlarda ve ortam sartlarina gore
sogutmay1 saglayabilecek elektronik donanima sahip diisiik maliyetli insilin kalem kutusunun tasarim ve prototip imalat
gerceklestirilmigtir. Kutunun {iretim asamasinda giiniimiiz popiiler teknolojisi olan 3 boyutlu baski teknolojisinden faydalanilmis olup,
kutu iizerindeki mikrodenetleyici ve termoelektrik sogutucu sayesinde sicakligin kapali ¢evrim kontrolii saglanmustir.

Anahtar Kelimeler: 3 Boyutlu Baski, Insiilin Kalemi, Tip 1 Diyabet, Tip 2 Diyabet.

Design and Prototype Manufacturing of Low Cost Refrigerated
Insulin Pen Box

Abstract

In cases where the pancreas cannot produce insulin at all or the produced insulin cannot be used effectively by the body, the dose to be
taken is provided with insulin injector pens to prevent the patient's life from being at risk in Type 1 diabetes, which is a chronic disease
that occurs due to high blood sugar. These used pens should be stored in the cold chain, as insulin loses its properties by being affected
by temperature. Otherwise, it is possible to cause serious harm to the patient. While these pens are usually kept in the refrigerator in the
home environment, it is a problem to protect them in out-of-home environments, and patients have difficulty carrying their insulin pens
with them due to the changing ambient temperatures. There are a limited number of insulin pen boxes available in the market to solve
this problem, and their costs are quite high. Due to the high cost, it is difficult to reach by all segments of the society. In this study, the
design and prototype production of a low-cost insulin pencil case with electronic equipment that can provide cooling according to
environmental conditions and sizes that individuals with Type 1 diabetes can store in the outdoor environment has been carried out. In
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the production phase of the box, 3D printing technology, which is today's popular technology, was used, and closed-loop control of the
temperature was ensured thanks to the microcontroller and thermoelectric cooler on the box.

Keywords: 3D Printing, Insulin Pen, Type 1 Diabetes, Type 2 Diabetes.

1. Giris

Pankreasin insiilin hormonunu yeterli miktarda tiretememesi
veya tretilen insiilin hormonunun viicut tarafindan etkin olarak
kullanilamamast sonucu ortaya c¢ikan diyabet hastaligi son
yillarda oldukga sik rastlanir hale gelmistir (McPhee & Papadakis,
2002; Sefil & Sefil, 2013; Vestergaard, 2007). Hastaligin
karakteristik 6zelligi olan insiilin yetersizligi sonucu hiicreler
glikozu kullanamaz ve kandaki seker orani yiikselerek &liimle
sonuglanabilir. Hayati 6nem tagtyan bu hastaligin artmasina neden
olarak yaslanan niifus ile birlikte sedanter yasam tarzi, beslenme
aliskanliklar1 ve kentlesme gibi ¢evresel faktorler goriilmektedir.
Diizenli ve dengeli beslenmeye Ozen gostererek sporla
desteklenmis hareketli bir yasam tarzin1 benimsemek, diyabet
hastaligindan korunmayi1 miimkiin hale getirebilmektedir (Kaya,
2003).

Uluslararasi Diyabet Federasyonu (IDF) 2021 verilerine gére
diinya tizerinde 537 milyon diyabetli hasta bulunmakta ve bu
hastaliga bagli olarak her bes saniyede bir insan hayatini
kaybetmektedir. Diyabet, diinya genelinde dordiincii 6liim nedeni
olmakla  birlikte  gelismis  toplumlarda  travma  disi
ampiitasyonlari, korlik ve bobrek yetmezliginin 6nemli
nedenlerinin basinda gelmektedir. Diyabetli hastalarda liimlerin
yaridan fazlasinin kalp hastaliklar1 ve kronik bobrek yetmezligi
ile iliskili oldugu bildirilmektedir (Agarwal, Venkatesh, &
Tandon, 2008). Klinik olarak Tip 1, Tip 2, spesifik tipler ve
gestasyonel diyabet olmak {izere dort ayr1 sinifta incelenmektedir
(Schneider, 2007). Tip 2 diyabet, genetik yatkinligi olan
bireylerde ¢evresel faktorlerin etkisi basta olmak iizere; glikoz
iretimi artig1, insiilin direnci ve beta hiicresi fonksiyon bozuklugu
olmak iizere li¢ ana metabolik bozukluktan kaynaklanir (Inzucchi,
& Sherwin, 2011). Orta ve ileri yas hastaligi olarak kabul
edilmekle birlikte son yillarda geng kesim ve ¢ocuklarda da
goriilmeye baglamistir. Hastaligin tedavi siirecinin ilk agamasinda
beslenme aligkanliklarina yonelik medikal beslenme tedavisi,
diizenli sekilde egzersiz programlarinin uygulanmasi ile hasta
bireyin yagam tarzinin degistirilmesi yer alir. Bu siirece
uyulmasina ragmen kan sekeri normal smirlar iginde
tutulamiyorsa tedaviye ek olarak kan sekerini diigiiren ilaglar
eklenir (Song vd., 2016; Goyal, & Jialal, 2018; Cruz, Vences, &
Vences, 2011; Call, Cortés, & Harris, 2021).

Tip 1 diyabet, tiim diyabetli hastalarin yaklagik %10’unu
kapsamaktadir. Diyabetin bu tiirii insiiline bagimli seker hastaligi
olarak da bilinmektedir (Buschur, & Lawrence, 2016). Insiilin,
midede sindirilebilir protein yapisina sahip oldugundan oral yolla
aliminda viicut tarafindan kullanilmasi miimkiin olmaz. Bu
ylizden sadece enjeksiyon tarzinda kullanilabilir (Bahreini,
Rayzan, & Rezaei, 2022; Laubscher, Regier, & Jensen, 2009).
Hastalar kendileri i¢in hayati 6nem tasiyan insiilini ‘insiilin
kalemi’ olarak bilinen enjeksiyonlar yardimiyla alirlar. Giinlik
insiilin ihtiyacinda yas, boy, agirlik, stres, {iziintii gibi kisisel
verilerin yaninda giinliik gida tiiketimi ve aktivite diizeyi gibi
degiskenler etkilidir.

Tip 1 Diyabet hastalar1 i¢in hayati 6nem tasiyan ve miimkiin
oldugunca yanlarinda bulunmasi gereken insiilin, 1s1
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farkliliklarina karsi oldukga hassastir. Uzun siireli sicak veya
soguk ortamlarda kalmasi durumunda yapisi bozulabilir ve
etkisini yitirerek hastanin hayatim1 riske girmesi s6z konusu
olabilir (C Bossi vd., 2016). Ev ortamindayken buzdolabinda (—~
+4°C) saklanmasi uygun olmakla birlikte hastalar her zaman ev
ortaminda bulunmayacagindan disarida bulunduklar1 siirece
ihtiyac1 olan insiilini yanlarinda tagimalar1 gerekir. Ozellikle yaz
aylarinda hasta bireyin yaninda tasimasi gereken insiilin
kalemlerini agir1 sicak ortamlardan korumasi ve sabit bir
sicaklikta muhafaza etmesi son derece onemlidir. Giliniimiizde
yaygin olarak kullanilan klasik tip insiilin kalemlerinin dis
ortamlarda 2°C ile 8°C derece araliginda muhafaza edilmesi
gerekmektedir. Bu sicaklik degerleri diginda kalan insiilinde
bozulma yasanabilmekte ve hastanin sagligini tehdit eden
sorunlara neden olabilmektedir (Veronesi vd., 2015; Pearson,
2010).

Tip 1 diyabetli hastalarin insiilin kalemlerini muhafaza
etmelerine olanak tanityan standart tip kalem kutulart mevcut
olmakla birlikte bu kutularin uygun fiyatli olanlart 1s1 korumali
olmayip degisken ortam sicakliklarinda insiilin kalemlerinin
bozulmasina neden olabilmektedir (Sekil 1).

Sekil 1. Klasik tip, sogutmasiz insiilin kalem kutusu (Shanghai,
2022)

Bu gibi durumlarda kullanilmaya yonelik, Sekil 2’de
gosterildigi gibi sogutma islevi saglayabilen mini buzdolabi
seklinde insiilin kalem kutulart Tip 1 diyabet hastalarina dig
ortamlarda bulunduklar siirece kolaylik ve fayda saglamaktadir.

Sekil 2. Sogutma islevi saglayabilen insiilin kalem kutusu
(Alibaba, 2022).
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Bu tip insiilin kalem kutular1 sayesinde hasta birey ev ortam
disindayken insiilin kalemini bozulmadan uygun sekilde
tagiyabilmektedir. Tip 1 diyabet hastalar1 i¢in son derece gerekli
olan bu kutular, yurt digindan temin edilmekte ve buna bagh
olarak oldukc¢a yiiksek fiyatla satisa sunulmaktadir. Dolayisiyla
ekonomik durumu iyi olmayan Tip 1 diyabetli hastalarin bu
iiriinleri tedarik etmeleri ve kullanmalari miimkiin degildir.

Bu caligmayla; maliyeti diisiik, dolayisiyla toplumun her
kesimi tarafindan erisimi miimkiin olan ve sogutma o&zelligi
sayesinde Tip 1 diyabet hastalarina ev ortamu disinda uzun siire
bulunabilme imkéani taniyarak yasam Kkalitesini artirmaya
yardimci olan insilin  kalemi tagima kutulart dretimi
hedeflenmistir. Uretim yéntemi olarak son yillarda pek ¢ok alanda
kullanimi hizla yayginlasan 3 boyutlu baski teknolojisi
kullamlmustir. Insiilin kalemini tasimak igin uygun sicaklik
sartlarin1 (2°C-8°C) saglayan ve koruyan mekanik ve elektronik
donanimin tasarimi, iiretilen kutuya entegre edilerek ornek bir
prototipi  iiretilmistir. Sistem {iizerindeki mikrodenetleyici
sayesinde sicakligin kapali ¢evrim kontroli saglanirken,
iizerindeki dijital ekrandan da sicaklik degerleri anlik olarak takip
edilebilmektedir. Prototipi iiretilen insiilin kalem kutusunun
tasariminda, piyasada satigi gergeklestirilen standart insilin
kalemlerinin boyutlar1 referans alinmigtir.

2. Materyal ve Metot

Bu c¢alismada diisiik maliyetli ve uzun siireli sogutma
saglayabilen insiilin kalem kutusunun tasarim ve prototip imalati
gergeklestirilmigtir. Bu baglamda ilk olarak sogutma sistemi igin
gerekli elektronik donanim temin edilip Sekil 3’de oldugu gibi
elektriksel baglantilar1 yapilarak, 6n yazilim iizerinde testi
yapilmistir. Cihaza gerekli enerjiyi saglamak i¢cin USB giris veya
adaptor iizerinden sistemin beslenebilmesi gerceklestirilmis ve
boylelikle sistemin araglarda, seyahat esnasinda, restoran, okul, is
yeri gibi dis ortamlarda kullanilmasi saglanmistir.

LM35
Sicakhik Sensorii

2 ® e =
o - She
-

1 Kanal 5V Rile

Arduino
Nano

Sekil 3. Sisteme ait elektronik kontrol birimi tasarimi ve
kullanilan elektronik donanim.

Sistemin sogutma islevini gergeklestirmesi i¢in 40x40 mm
boyutlarinda 12V 5A’lik termoelektrik sogutucu (peltier)
kullanilmistir. Peltier, diisiik agirligi, karmasik olmayan yapisi,
diisiik giiriiltii ile ¢aligmasi, sicaklik kontroliiniin saglanmasinin
kolay olmasi, kiiciik ebatlarda firetilebilmesi gibi birgok
avantajinin  olmasi nedeniyle tercih edilmistir. Peltierlerin
enerjilendirilmesi i¢in anahtarlama elemani olarak 5V tetiklemeli
role kullanilmistir. LM35 sicaklik sensoriinden gelen verilere
gore mikrodenetleyici olarak kullanilan Arduino Nano’nun dijital
pininden rolenin tetiklenmesi saglanmustir. Peltierden elde edilen
soguk havanin kutu igerisine dagitilmasinin saglanmast igin
40x40 mm boyutlarinda, 5V 1A degerinde DC motora sahip fan,
islem siiresince 1sman kisminin sogutulmas: i¢in de termojel
kullanilmistir. Anlik sicaklik degerlerinin kullanicr tarafindan
takip edilebilmesi igin 128x32 piksel 12C haberlesme protokoliinii
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kullanan ekran tercih edilmistir. Sisteme ait elektronik donanim
ve yazilan programin ¢aligma algoritmasi Sekil 4’teki diyagramda
goriilmektedir.

Rale 1 > Peltier 1
Sicakhk Sensérii  —» Mikrodenetleyici Rile2 > Peltier 2
128x32 Ekran Rale 3 > Fanlar

Sekil 4. Elektronik donanima bagl olarak gelistirilen blok
diyagrami.

Sistemin ¢alisma prensibi su sekildedir: Sicaklik sensoriinden
gelen analog sicaklik verilerine gore kutu icindeki sicaklik
8°C’nin iizerine ¢ikmaya basladiginda ilk olarak role 1 ve role
2'nin tetiklenmesi ile peltier aktif hale getirilip sogutma islemi
baslatilmaktadir. Sogutmanin baglamasinin ardindan réle 3 aktive
olarak kutu igerisindeki fanlarin ¢aligmasini ve soguk havanin
kutu igerisine dagitilmasini saglar. Bununla birlikte sistemden
gelen sicaklik verisi ger¢cek zamanli olarak 128x32 ekran lizerinde
gorintillenmektedir. Boylelikle kullanicinin kutu igi sicakligi
hakkinda bilgilendirilmesi saglanir.

Sistemin genel elektronik donanimin ve yaziliminin optimize
edilmesinin ardindan, kutunun tasarimi agamasina gegilmistir.
Tasarim asamasinda SOLIDWORKS 2021 yazilimi kullanilarak,
iki adet insiilin kalemi kapasitesine sahip kati model
olusturulmustur. Insiilin kalemlerinin ve elektronik donanimin
yerlestirilecegi alt kisim ile kapagina ait Slgiiler farkli bakis
agilarindan Sekil 5’te verilmistir.
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Sekil 5. Tasarimi yapilan insiilin kalem kutusunun alt ve kapak
kisminin genel olciileri.
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Tasarimi yapilan insiilin kalem kutusunun bilgisayar
ortaminda montaji gergeklestirilerek prototip imalatina uygun
formata doniistiirilmistiir. Farkli agilardan goriiniimleri Sekil
6’te verilmistir.

Sekil 6. Modellenen insiilin kalem kutusunun farkli bakig
agilarindan gériiniimleri.

Prototip iretimi asamasinda birgok geleneksel {iretim
yontemlerinin  aksine; geni§ malzeme yelpazesi ve
kisisellestirilmis tasarim imkanlart ile iiretime esneklik getirerek,
iiriinlerin daha hizli pazarlanmasini saglayan, diisiik maliyetli ve
daha az atik ile ¢alisan 3 Boyutlu Baski teknolojisi kullanilmistir.
Katmanli iiretim olarak da bilinen 3 Boyutlu Baski, genelde
plastik formdaki malzemelerin katmanlar halinde iist iiste
eklenerek 3  boyutlu tasarimlarin  somut nesnelere
donistiiriilmesidir. Bu ¢aligmada acgik kaynakli Kartezyen tip
yazict  kullanilarak  tasarimi  yapilan  kutunun  dretimi
gergeklestirilmigtir (Sekil 7).

Sekil 7. Insiilin kalem kutusunun prototip imalat ve kullanilan 3

boyutlu yaziciya ait goriintiiler.

Bu ¢alismada 3 Boyutlu Baski yonteminde malzeme olarak
PLA (Polilaktik asit) kullanilmistir. PLA, dogal organik
kimyasallardan elde edilen bir termoplastik bir biyopolimerdir.
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Diger malzemelere gore genlesme katsayisinin diisiik olmasi,
dayanikli ve darbelere karsi direngli olmasi ve sagliga zararli
olmamasindan dolay1 3 Boyutlu Baski uygulamalarinda siklikla
tercih edilmekte ve son yillarda yaygin olarak kullanilmaktadir.
Yapilan ¢aligma kapsaminda da PLA malzeme kullanilmistir.
Kutu prototip imalatinin ardindan sistemin montaj1 yapilmis ve
yazilim optimize ¢aligmalar1 gergeklestirilmistir. Baski islemi i¢in
FDM Kartezyen Tip 3 baski cihazi kullanilmisg, literatiir
dogrultusunda baski hizi 70 mm/sn, katman yiiksekligi 0,2 mm,
dolgu yogunlugu degerleri %50 olarak ayarlanmistir (Giines,
Glines, & Sevgi, 2021). Prototip imalatinin ardindan elde edilen
nihai iirtine ait gorsel Sekil 8’de verilmektedir.

Sekil 8. Uretim ve montaj islemi gerceklestirilmis nihai iiriine ait
goriinti.

4. Sonuc¢

Bu ¢alismada, Tip 1 diyabet hastalarinin kullanmakta oldugu,
hayati 6nem tasiyan insiilin kalemlerinin muhafaza edilmesine
yonelik sogutma islevine sahip, diisiik maliyetli kutunun tasarim
ve prototip imalat1 gergeklestirilmistir. Tlgili uygulama ile okul,
kiitiiphane, kafeterya gibi ortamlarda veya seyahat esnasinda
insiilin kalemlerinin giivenli bir sekilde tasinmasi, muhafaza
edilmesi ve en Onemlisi toplumun her kesimi tarafindan
erigilebilir olmas1 amaglanmistir. Prototipi iiretilen insiilin kalem
kutusu, ithal muadillerine gore yaklasik 10 kat daha uygun fiyata
imal edilmistir. Maliyet farkindaki neden, insiilin kutusunun
imalatinda 3 boyutlu baski teknolojisinin kullanimi, olusturulan
sisteme ait mikrodenetleyici ve sensorlere ait yazilimin proje
kapsaminda gergeklestirilmesidir.
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Sonug olarak, bu calismada 3 boyutlu baski teknolojisi
kullanilarak  sogutuculu insiilin  kalem kutularinin ithal
¢ozlimlerine alternatif olabilen, maliyeti diigiik dolayisiyla herkes
tarafindan erisilebilir, yerli olmast ozelligiyle iilkemiz
ekonomisine katkida bulunan insiilin kalem kutusu {iretilmistir.
Kutunun saglam yapist sayesinde insiilin kaleminin toz, 151k gibi
olumsuz dis etkenlere karsi korunmasi da saglanmistir. Soz
konusu iiriin, Tip 1 diyabet hastalarinin dis ortamlarda daha rahat
bulunmasint saglamakta ve bu hastalarin hayat kalitesinin
yilikselmesine katkida bulunmaktadir.
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Abstract

In today’s world many technological devices can operate with very low power levels. Despite this situation, these devices need to be
fed with a sustainable energy source and constantly charged. This low level power need can be attained from ambient electromagnetic
waves from any radio frequency sources. Radio frequency energy harvesting systems can be offered to feed these type of devices and
these systems have been used in many areas in recent years. In this study, an antenna designment that can be used in RF energy harvesting
systems is emphasized. Within the scope of this study, an RF energy harvesting antenna operating at 2.4 GHz frequency has been
modeled. The electromagnetic performance and antenna fundamental parameters of the RF energy harvesting antenna are numerically
calculated using a commercial 3D based on a transmission line matrix (TLM) and the finite integration technique (FIT). The physical
extents of the antenna are 35 x 28 x 1.6 mm. The proposed RF energy harvesting antenna has 2.1 dBi directivty and %98.1 radiation
efficiency performance parameters. The antenna proposed here can be have usage areas such as an RF energy harvesting antenna for
low-power medical devices, self sustainable wireless devices in Internet of Things (IoT), Wireless Body Sensor Network (WBSN)
devices.

Keywords: RF Energy Harvesting, ISM Band, Microstrip Antenna, 2.4 GHz, Rectifying Antenna.

RF Enerji Hasatlama Sistemleri icin ISM 2.4 GHz Bandi1 Anten
Modeli

Oz

Glinliimiiz diinyasinda birgok teknolojik cihaz ¢ok diisiik gii¢ seviyelerinde ¢alisabilmektedir. Bu duruma ragmen bu cihazlarin
stirdiirtilebilir bir enerji kaynagi ile beslenmesi ve siirekli sarj edilmesi gerekmektedir. Bu diisiik seviyeli gii¢ ihtiyaci, herhangi bir radyo
frekans1 kaynagindan gelen elektromanyetik dalgalarindan elde edilebilir. Bu tiir cihazlar1 beslemek i¢in radyo frekans enerji hasatlama
sistemleri sunulabilir ve bu sistemler son yillarda bir¢ok alanda kullanilmaktadir. Bu ¢alismada, RF enerji hasatlama sistemlerinde
kullanilabilecek bir anten tasarimi iizerinde durulmustur, 2.4 GHz frekansinda c¢alisan bir RF enerji hasatlama anteni modellenmistir.
RF enerji toplama anteninin elektromanyetik performansi ve anten temel parametreleri, iletim hattt matrisine (TLM) ve sonlu
entegrasyon teknigine (FIT) dayali ticari 3D tabanli simulator kullanilarak sayisal olarak hesaplanmistir. Antenin fiziksel boyutlar1 35
X 28 x 1.6 mm'dir. Onerilen RF enerji hasat anteni, 2.1 dBi yonliiliige ve %98.1 radyasyon verimliligi performans parametrelerine
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sahiptir. Burada &nerilen anten, diisiik gii¢lii tibbi cihazlar i¢in RF enerji toplama anteni, Nesnelerin interneti (IoT) icinde kendi kendini
stirdiirebilen kablosuz cihazlar, Kablosuz Viicut Sensor Ag1 (WBSN) cihazlari gibi kullanim alanlaria sahip olabilir.

Anahtar Kelimeler: RF Enerji Hasatlama, ISM Bandi, Mikroserit Anten, 2.4 GHz, Dogrultucu Anten.

1. Introduction

Wireless energy harvesting is nearly a century old term (Tran
et al., 2017). The achievements as a result of research conducted
to date have made energy harvesting (EH) that can provide
alternative energy sources a reality. One definement for a wireless
power transmission (WPT) system describes a unit that sends
electrical power from one place to another without the use of
cables or a supporting medium (Brown, 1996). Radio frequency
energy harvesting (RF EH) is an energy conversion technique
used to convert energy from electromagnetic (RF) signals to DC
electric signal (Serdijn et al., 2014). Fundamentally, the system
has two antennas to send and receive electromagnetic waves, and
a DC power converter unit to convert the electromagnetic wave
received by the receiving mode antenna into direct current. With
the developing technology, smart devices that encountered in all
areas of our lives, IoT devices with internet connectivity, small
medical equipment constantly need low power. However, it is
impractical to constantly charge devices with very low power
consumption. By using RF EH systems, it is possible to operate
some devices with low power consumption with electromagnetic
waves floating freely in the air. Many of the mobile phones,
modems, bluetooth devices, TV and radio systems operate with
RF waves. As a concept, energy can be obtained by harvesting RF
energy waves on the devices with a system designment at the
operating frequency of these devices.

There are many publications on RF energy harvesting in the
literature, especially on antenna with rectifier and system design
(Kaur et al., 2019; M Palandoken et al., 2018; Merih Palandoken
& Gocen, 2019; Zeng et al., 2017). In (Sun et al., 2012), offered
rectenna with simple structure and 8.6 dBi gain operates at 2.45
GHz. Also in (Sun et al., 2012), have been modeled a rectenna for
near field wireless power transmission system on high power level
also operates at 2.45 GHz. Physically transparent rectifier (Sun et
al., 2012), and RF EH antenna and RF to DC rectifying circuit for
urban applications studies (Jiang et al., 2014) also be found in
literature. (Zhang et al., 2009) has been used compact folded
dipole architecture for rectenna designment.

In this paper, an antenna designment is proposed for use in
RF EH applications operating at 2.4 GHz frequency.
Electromagnetic numerical calculation tools have been used in
antenna modeling and antenna performance has been verified
with these programs. Antenna modeling has been made on FR-4
base material with a 1.6 mm thick. Section 2 presents the
designment parameters of proposed RF EH antenna, Chapter 3
presents the performance parameters and numerical calculation
results of the proposed antenna, and Chapter 4 presents the
conclusion and recommendations.

2. Material and Method

The designment of the proposed radio frequency energy
harvesting (RF EH) antenna with geometrical model parameters
in mm is shown in Figure 1. The antenna substrate is FR-4 the
material thickness of the substrate is 1.6 mm with a &, of 4.3 and
atand of0.02. The RF EH antenna is modeled and optimized to

e-ISSN: 2148-2683

retrieve the energy from the ambient at the electromagnetic
spectrum in microwave range of ISM band 2.4 GHz. The physical
extents of the antenna are 35 x 28 mm.
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Figure 1. Proposed RF EH antenna designment: (a) top and (b)
ground layers.

There is a long feed line on the top layer of the RF EH
antenna, which is subsequently narrowing in the middle, this line
is divided into two asymmetrical transmission lines at the top. An
E-shaped conductor is formed at the end of the right one of these
asymmetrical transmission lines. The E-shaped conductor, created
to adjust the 2.4 GHz resonance frequency, the antenna has been
short-circuited to the ground layer according to a pin to improve
the return loss parameter. On the ground layer of the RF EH
antenna, there is a short and wide ground conductor extending
from the bottom to the middle.

3. Results and Discussion

The RF performance parameters of the RF EH antenna is
numerically computed using a commercial 3D based on a TLM
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and the FIT, CST Studio Suite. The operating performance of the
proposed RF EH antenna has been examined in the 1.8 - 3 GHz
range, and the S;; value has been obtained as 23.29 dB at the 2.4
GHz centre operating frequency, and the operational bandwidth
has been obtained as 170 MHz in the 2.33 - 2.50 GHz range. The
Si1 graph is presented in Figure 2.

S-Parameters [Magnitude In 48]

o (2.4, -23.39) !
i

4 (25038, -10)

8 2 22 24 26 2.8 3
Frequancy / Gz

Figure 2. The S1; graph of the proposed RF EH antenna.

The 3D radiation pattern of the proposed RF EH antenna is
shown in Figure 3. The peak level of realized gain is 2.0 dBi at
2.4 GHz. The antenna radiation performance can be concluded as
98.1% radiation efficiency with a directivity of 2.1 dBi.

¥

farficld (f=2.4) (1]

Figure 3. The 3D radiation pattern of the proposed RF EH
antenna at the resonance frequency of 2.4 GHz.

The polar radiation pattern of the proposed RF EH antenna is

shown in Figure 4. The HPBW of the radiated field is 92.1 degrees
in the phi = 90 plane.

e-ISSN: 2148-2683
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Figure 4. The 3D radiation pattern of the proposed RF EH
antenna at the resonance frequency of 2.4 GHz.

4. Conclusions and Recommendations

In this study, an RF EH antenna which operates in the ISM
2.4 GHz band has been modeled. The realized antenna has 2.0 dBi
gain and 98.1% radiation efficiency. Due to the small size and
compact structure of the antenna, it is thought that it is possible to
use it with a rectifier unit in small medical devices with low
energy consumption. The performance of the proposed antenna
can be improved by developing surrogate based models.
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Abstract

One of the fastest ways to get information about the state of the human body is to analyse body sounds. The ability to transfer sounds
to a digital medium facilitates this analysis. In this study, zone detection was performed from the sound data obtained from the heart,
lung, and abdominal regions. 20s data with a sampling frequency of 4000 from 12 men were used in the training. The data was analysed
in 9 different seconds. All data for each second is divided and prepared for training. Features were extracted using MFCC and GTCC
and these features were trained in CNN model. The effect of MFCC and GTCC coefficients on the results was compared. In training,
the best result was obtained from the MFCC coefficient obtained from 1.5-second recordings with 98%, and in validations, the best
result was obtained from MFCC coefficients of 1-second recordings with 85%. Looking at the general validation results, it was seen
that the MFCC results were more successful.

Keywords: Artificial intelligence, body sounds, convolution nneural network, gammatone cepstral coefficients, mel-frequency
cestrum coefficients

Viicut Seslerinden Bélge Tamimlanmasi icin Ideal Kayit Siiresinin
Belirlenmesinde MFCC ve GTCC Ozniteliklerinin Etkisinin
Karsilastirilmasi

Oz

Insan viicudunun durumu hakkinda bilgi almak icin yapilabilecek en hizli yontemlerden birisi viicut seslerini analiz etmektir. Seslerin
dijital ortama aktarilabilmesi bu analizi kolaylastirmaktadir. Bu ¢alismada kalp, akciger ve karin bolgelerinden alinan ses verilerinden
bolge tespiti yapilmistir. Egitimde 12 kisiden alinan 4000 6rnekleme frekansina sahip 20s lik veriler kullanilmistir. Veriler 9 farkli
saniyede incelenmistir. Her bir saniye i¢in tiim veriler boliinmiis ve egitim i¢in hazirlanmistir. MFCC ve GTCC kullanilarak 6znitelikler
¢ikartlmig ve bu 6znitelikler CNN modelinde egitilmistir. MFCC ve GTCC katsayilarinin sonuglar {izerindeki etkisi kiyaslanmistir.
Egitimde en iyi sonug %98 ile 1,5 saniyelik kayitlardan alinan MFCC katsayisindan, validationlarda ise en iyi sonug %85 ile 1 saniyelik

kayitlarin MFCC katsayilarindan elde edilmistir. Genel validation sonuglarina bakildiginda MFCC sonuglarinin daha basarili oldugu
gorilmiistiir.

Anahtar Kelimeler: Yapay zeka, viicut sesleri, evrisimli sinir ag1, gammatone kepstral katsayisi, mel-frekansi kepstral katsayilari
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1. Introduction

The process of listening to body sounds is called
"auscultation". Through the process of auscultation, doctors can
obtain general information about human health. The most
important part of this procedure is the stethoscope. Since the
invention of the stethoscope in 1816, it has shown a lot of progress
(Tamas et al., 2016). Especially the developments in the
technological field have also affected the health field, and
electronic stethoscopes have started to be used more often. Body
sound data obtained thanks to these stethoscopes can be stored
and analysed electronically.

The most basic material required for the use of artificial
intelligence is “data”. Artificial intelligence, which has begun to
play an important role in the field of health, can diagnose many
diseases such as COPD and asthma. At the same time, with the
use of artificial intelligence methods, early diagnosis, which is an
important parameter for treatment, can be made more accurately
and quickly. Artificial intelligence needs to work with meaningful
features to give better results. MFCC and GTCC are generally
used to generate meaningful coefficients from audio data. In
recent years, there have been several publications on lung sound
recognition using MFCC (Pittner and Kamarthi, 1999; Mayorga
et al., 2010; Bahoura and Pelletier, 2004; Bahoura and Ezzaidi,
2013). Looking at the literature, Aziz et al first pre-processed
auscultatory signals through Empirical Mode Decomposition
(EMD), which separates the original signal into constituent
components known as intrinsic mode functions (IMFs).

IMFs carrying redundant and noisy data are rejected and thus
the pre-processing has become more efficient. After pre-
processing, MFCC is applied with the obtained coefficients.
Support Vector Machines (SVM) classifiers are trained and tested
through 5-fold cross validation. It is performed on various
classifiers on a self-collected dataset containing 480 auscultation
signals from normal and pneumonic subjects. different classifiers
to classify pneumonia and normal subjects SVM-linear (SVM-L),
SVM-Quadratic (SVM-Q), Ensemble—Boosted trees (En-B. T),
Ensemble-KNN (En-KNN) and K-nearest neighbor-coarse
(KNN-C) for performance evaluation to extract the highest
accuracy. The highest success was achieved in SVM-Quadratic
with 99.7% (Aziz et al., 2019). In their study to measure asthma
severity, Shaharum et al obtained the best performance using
MFCC features using the KNN classifier. As a result of training
with a total of 250 breathing data from 50 men, the highest result
18 95.92%, 96.33% and 98.42% average accuracy, sensitivity, and
specificity (Shaharum et al., 2019). Cheng et al. collected the
sleep sounds of 33 patients and 10 normal men in their study for
the diagnosis of obstructive sleep apnea hypopnea syndrome.
Then Mel-frequency cestrum coefficients (MFCC), Mel Filter
Banks (Fbanks), Short-Term Energy and Linear Prediction
Coefficient (LPC), characteristic features of snoring, which
represent different characteristics of snoring, were extracted. To
identify snoring and synthesize information, an input model based
on LSTM, which can capture various audio features, is designed.
In the experiment, snoring related to the respiratory event and
normal snoring were classified with 95.3% accuracy (cheng.,
2022). In Lella and Pja's study on the diagnosis of Covid 19, the
features were obtained with De-noising Auto Encoder (DAE)
technique, GFCC  (Gamma-tone  Frequency  Cepstral
Coefficients), and IMFCC (Improved Multi-frequency Cepstral
Coefficients) methods, and CNN trained in the model. With the
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data set consisting of Breath, Cough, Sample Voice data, it
achieved the highest efficiency with a value of 95.45% (Lella and
Pja, 2022). Dar et al designed an effective Covid-19 detection
model using designed JHBO-based DNFN. Gaussian Filter was
applied to remove the noises and then feature extraction was
performed with MFCC. accuracy, sensitivity, and specificity of
0.9176, 0.9218 and 0.9219 were obtained (Dar et al., 2022).
Bardou et al., in their work on the classification of breathing
sounds, determined the features to be used for classification as
MFCC, spectrum and LBP (local binary pattern). It achieved
&91.12 in training with MFCC features and SVM classifier.
Using the same features and the CNN classifier, 91.67% success
was achieved (Bordou et al., 2018). In another study conducted
with the MFCC and CNN model, 93% success was achieved in
the respiratory dataset containing 6 classes (COPD (Chronic
Pulmonary Obstructive Disease), Healthy, URTI (Upper
Respiratory Tract Infection), Bronchiectasis, Pneumonia,
Bronchiolitis.) (Mridha et al.,, 2021). In the work done by
Jayalakshmy and Sudha, first, feature vectors of lung sounds were
extracted with intrinsic mode function (IMF). In the next step,
Gammatone filters were applied to the best combination IMF
features and Gammatone cepstral coefficients (GTCC) were
calculated. results show that the proposed GTCC of the third IMF
component applied to the clustered BiLSTM framework
outperforms the competing Convolutional Neural Network
classification method in terms of accuracy, specificity, and
sensitivity (Jayalakshmy and Sudha, 2021). In Kutlu and Karaca's
study, feature selection was done using Mel frequency cepstral
coefficients (MFCC) and gammatone cepstral coefficients
(GTCC) methods. With the obtained results, the classification
process was not done with the traditional CNN model. The results
obtained are between 82.9% and 85.83%. The results obtained
using the MFCC method were determined to be more successful
(Kutlu and Karaca, 2022).

In this study, a comparison of MFCC and GTCC feature
extraction methods on regional sound detection was conducted.
Correct labelling of data, which is one of the most important
materials for artificial intelligence, is very important for training.
The fact that labelling is done by people and the importance of
experience makes this study important. A model design that can
prevent mislabelling has been considered.

2. Material and Method
2.1. Database

Breathing sounds from 12 men and 20 regions were used in this
study. These sounds include 4 abdominal regions, 4 cardiac
regions and 12 lung regions. 20s sounds with a sampling
frequency of 4000 Hz were taken from each region. The sounds
are divided into intervals of 1,1.5,2,2.5,3,2.5,4,4.5s and
characterized by MFCC and GTCC. The default features of the
MFCC and GTCC functions of the Scipy library of Python were
used to create the feature. For training, the same number of
random lung data as Abdomen and heart regions were obtained,
and training was performed with the same amount of data for each
region.
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2.2.Mel Frequency Spectral Coefficient (MFCC)

The three main methods used when characterizing breathing
sounds are: statistics in the time-frequency domain, wavelet
coefficients, and cepstrum coefficients (Meng et al., 2020). When
the literature is examined, it can be seen that MFCC gives good
results in sound data in general (Kutlu and Karaca, 2022). MFCC
relies on Mel frequency filtering and cepstrum analysis to extract
features of the audio signal spectrum. MFCC is pre-emphasized
and framed first. In the framing process, the signal is divided into
short pieces. The length of split signals is about 20-40 ms. A
windowing method is used to avoid discontinuity between
signals. The FFT is then applied to each short-term analysis
window. The mel function is used to create the Mel filter bank.
Discrete Cosine Transform (DCT) is applied to the resulting
frames and delta coefficients are obtained (Winursito et al., 2018).
The number of features of each data as a result of MFCC is given
in Table 1.

Table 1. Count of MFCC Coefficient obtained by seconds

Time (s) Count of Coefficient
1 1287
15 1937
2 2587
25 3237
3 3887
35 4537
4 5187
4,5 5837
5 6487

2.2. Gammatone cepstral coefficients (GTCC)

Gammatone Cepstral Coefficients (GTCCs) have continued
to be effective even though MFCCs have gained importance in
audio data recognition in the last few years (Jayalakshmy and
Sudha, 2021). GTCC feature extraction is similar to MFCC
feature extraction. First, windowing is applied to audio signals.
Gammaton filter banks are then applied to the fast Fourier
transformed signal to highlight the most important frequencies
present in the audio signal. Finally, similar to the steps involved
in MFCC, a log function and a discrete cosine transform (DCT)
are applied to the output of the filter banks to obtain the
coefficients. The number of features of each data as a result of
GTCC is given in Table 2.

Table 2. Count of GTCC Coefficient obtained by seconds

Time (s) Count of Coefficient
1 1273
15 1924
2 2574
2,5 3224
3 3874
35 4524
4 5174
4,5 5824
5 6474

2.3. Convolution Neural Network (CNN)

Convolutional Neural Networks are a branch of deep learning. It
is the most widely used deep learning method today. This method
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provides feature extraction using Convolution, Pooling, Dropmax
and Full layer Connect layers. A neural network is then trained on
these outputs. In this study, data consisting of MFCC and GTCC
features are given as input data to CNN. The data were divided
into 9 different periods and their achievements were evaluated.

When we look at the model used in this study, 3x3 filters of 64
grains were applied twice in the Convolution layer. After that, 3x3
max pooling was done.0.60 dropout added to these two
operations. These 3 operations were repeated 3 times and a
flattened layer was created. A 100-neuron neural network
consisting of 1 Hidden Layer is added to the Flatten layer. It was
realized with 500 epochs in trains. After 500 epochs, analyzes
were made on the highest train results. 70% of the data was used
for training and 30% for validation. The numbers of train and
validation data for the times used in MFCC and GTCC are given
in Table 3.

Table 3. Train and validation data numbers used in model

training
. Count of Train Co_unt .Of
Time (s) D Validation
ata

Data

1 1872 1008
15 1310 706
2 936 504
2,5 748 404
3 655 353
3,5 561 303
4 468 252
45 468 252
5 374 202

The CNN model was applied to the generated data sets and the
results were compared.

3. Results and Discussion

Results Auscultation sounds provide information about the
patient's general condition. Today, with the rise of artificial
intelligence, the importance of data has increased. Correct
processing, recording, and labelling of data in the health field are
very important. Since the use of artificial intelligence in the field
of health will directly affect human health, the successful results
obtained in this area will positively contribute to early diagnosis
and treatment.

This study examined the effect of MFCC and GTCC on the
ideal regional diagnosis recording time. The records are divided
into 9 periods from 1 to 5 and analyzed. When the training results
with MFCC were examined (Figure 1), it was seen that the highest
performance was in the data of 1.5s duration. Looking at the test
data obtained in the highest performance, it was found that the
highest test performance is in the 1s data. In the data of 4s, it is
seen that despite the high train result, the lowest validation
success.
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Fig. 1 MFCC performance results

When the results of the trains made with GTCC are examined
(Figure 2), it is observed that the highest performance is in the
data of 2s duration. It is seen that the highest successful validation
results are in 1s time data, as in MFCC. It was seen that the lowest
GTCC validation result was in the data with a duration of 4.5s.
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Fig. 2 GTCC performance results

When the train achievements of MFCC and GTCC are
compared (Figure 3), it is generally seen that MFCC gives high
results. The highest train achievements were achieved with
MFCC. It is seen that the results of the 3 s data are also low in
both methods.
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Fig. 3 GTCC Validation results

When looking at the comparison of validation results (Figure
4), it can be seen that MFCC gives better results in general.
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Especially in 1s time data, the validation values are high in both
methods. It is noticeable that the data of 4.5s have the lowest

values.
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Fig. 4 GTCC validation results

According to the obtained results, it is seen that the results of
the 1s duration data have high validation values. Also, it was seen
that MFCC gave better validation results than GTCC. It is
noticeable that the train achievements of MFCC and GTCC are
close. However, since the ideal recording time was sought, it was
concluded that the usable model is the 1s time model using
MFCC. The most data in the train is 1s data. The validation value
of the 1s time data has a high success rate and the train success
rate is 98%, making this data ideal.
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Abstract

Academic and industrial studies on smart systems, which have entered all areas of our lives, continue to their rapid developments along
with gaining momentum with Industry 4.0. Especially, many of the different production devices with their molding, printing, shaping,
and cutting capabilities have a certain level of automation. They work together with the material information they process, and the
compatibility with other machines to make the whole production system work effectively and properly. While the abundance of data
acquired is an important source for better analytics, obtaining information for business purposes from this data and helping decision
support systems is the most important task expected from Information Technology and Systems in the organization. In this paper, we
propose an FPGA-based edge information infrastructure to evaluate critical data from the production devices, distributed sensors, and
other ISs in any industrial environment to increase the utilization and performance of the total machinery. This study helps the predictive
maintenance decision for a sample plastic injection molding device according to our industrial scenario. A sample data set downloaded
from the Internet with the factors like speed, vibration, and the temperature was used. An FPGA (Field Programmable Gate Array)
design that will run the necessary ML algorithms with the sensor data and existing information system inputs (ERP, MES) has been
carried out by using Xilinx Design Tools and Vitis IDE 2020.2. In this study, the ANFIS (Adaptive Network-Based Fuzzy Inference
System) system, which is an approach consisting of the integration of artificial neural networks and Fuzzy Logic, has been chosen as
an Artificial Intelligence application. The estimation results obtained were evaluated over the accuracy rates achieved in similar studies
in the literature.

Keywords: Edge Computing, Industry 4.0, Reconfiguration, Smart Manufacturing, FPGA, Fuzzy Logic, ANFIS.

Kritik Uretim Sistemlerinde Kenar Bilisimin Onemi:
FPGA Uygulamasi

Oz

Endiistri 4.0 ile birlikte ivme kazanmakla birlikte hayatimizin her alanina girmis olan akilli sistemler ile ilgili akademik ve endiistriyel
calismalar hizla devam etmektedir. Ozellikle iiretimde kullanilan kalip, baski, sekillendirme, kesme vb. gibi farkli makineler, belli bir
otomasyona sahiptirler. Bunlarin isledikleri malzeme bilgileri ve ortak ¢alisan diger makinelerle uyumu biitiin {iretim sisteminin etkin
sekilde caligabilmesi ¢ok 6nemlidir. Elde edilen verilerin bollugu daha iyi analitik inceleme i¢in 6nemliyken, bu verilerden is amagh
bilgi elde etmek ve karar destek sistemlerine yardimci1 olmak organizasyondaki Bilgi Teknolojileri ve Sistemlerinden beklenen en
onemli gorevdir. Bu ¢aligmada {iretim ortamindaki cihazlardan, sensorlerden ve isletmedeki diger Bilgi Sistemlerinden gelen verilerin

* Corresponding Author: tuncay.ercan@yasar.edu. tr
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FPGA tabanli bir kenar bilisim altyapisi ile degerlendirilmesi dnerilmektedir. Bu ¢alisma kapsaminda iiretim ortaminda kullanilan 6rnek
bir plastik enjeksiyon kalip cihazina ait bakim kararinin tahminlemesi yapilmistir. Bunun igin Internet {izerinden erisilen temsili hiz,
titresim ve sicaklik gibi faktorleri iceren bir veri seti kullanilmig, Sensor verileri ve mevcut bilgi sistemi girisleri (ERP, MES) ile gerekli
ML algoritmalarini ¢alistiracak bir FPGA (Alan Programlanabilir Ag Dizisi) tasarimui da, Xilinx Design Tools ve Vitis IDE 2020.2

kullanilarak gergeklestirilmistir.Veri girisi i¢in lizerinde akilli algoritmalarin calistirilacagi FPGA donanimi “Xilinx Zynq xc7z020”
kenar bilisim altyapisinin esas 6gesi olarak planlanmistir. Calismada hibrit bir yaklasim olan ANFIS (Adaptif Ag Tabanli Bulanik
Cikarim Sistemi) sistemi Yapay Zeka uygulamasi olarak se¢ilmistir. Elde edilen tahmin sonuglari literatiirdeki ¢aligmalarda erisilen

dogruluk oranlari iizerinden degerlendirilmistir.

Anahtar Kelimeler: Kenar Bilisim, Endiistri 4.0, Yeniden Yapilandirma, Akilli Uretim, FPGA, Bulanik Mantik, ANFIS.

1. Introduction

Internet of Things (IoT), which became popular at the
beginning of the 21st century, was considered a technology to
switch from Industry 3.0 to Industry 4.0 with newer enhancements
and capabilities for the products and processes in the supply chain
(Trappey et al., 2017; Hofmann and Riisch, 2017). Supportive
technologies like the Internet and embedded systems with
Industry 4.0, are brought together to effectively control and
manage physical objects, people, smart machines, production
lines, and operating processes (Andreas et al., 2016). While
physical processes in factories can be monitored with Industry
4.0, it is ensured that appropriate decisions are made by allowing
objects to communicate with each other and people.

Considering the recent studies on critical IoT systems,
especially in the industrial sector, smart cities, smart energy, and
smart car applications take first place (  IoT application areas,
2022). The increasingly complex, automatic, and sustainable
characteristics of production processes in the industrial field have
revealed the need for machines to operate more simply,
efficiently, and consistently (Lu, 2017; Jian et al., 2016). With the
increasing technology of existing industrial communication
systems, wired/wireless local network alternatives have also
increased. Considering that the manufacturing data is also very
critical, especially the use of wireless devices and sensors should
be planned very carefully in the context of security (Ercan, 2005).
On the other hand, the continuous development of information
and communication technologies has offered great potential to
companies in the manufacturing sector (Prinz et al., 2016).
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Figure 1. Sample business maintenance strategy

The Industrial Internet of Things (IToT) has brought a major
change in how we can monitor critical production systems in
factories with the support of different sensors. The information
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obtained from the sensors, mostly when connected to a cloud-
based system, can be used in more meaningful ways by
production units and factories. The data collected from the
production system to automate the maintenance system in the
environment can be analyzed and help to make maintenance
decisions (Crosser, 2020). A related layered architectural structure
is designed in Figure 1.

According to this representation, the configuration to support
all maintenance and reliability functions in the manufacturing
systems starts from the data sources layer where the lowest device
diversity can be found. The data diversity and complexity of the
production environment increase as higher levels is reached. It is
very important to ensure the efficient operation of production
systems and follow a cost-effective process in non-planned
maintenance disruptions. In the present case, the root causes of
errors are tried to be found manually through controls and
measurements traditionally performed by operators. Here, 1loT
comes into to industrial scene and provides the required system
parameters for modeling the digital twin with the sensors placed
in appropriate places, instead of receiving the system data by the
operators using traditional methods. Many parameters affect
modelings, such as temperature, humidity, vibration, sound, and
light changes.

Within the scope of this study, sensor data of the overall
machinery in the environment will be used together with the
information systems such as ERP and MES used in the factory
environment, then a predictive maintenance diagnosis will be
made with Al operations such as classification, recognition,
prediction and decision making using ANFIS (Adaptive Network-
Based Fuzzy Inference System) application designed on FPGA.

In the second part of the study, edge informatics involving
industrial systems are examined, especially the uses of artificial
intelligence in embedded systems are emphasized. In the third
chapter, the FPGA-based architectural model that will work as a
smart control unit for the proposed edge computing functions will
be explained. In the fourth chapter, ANFIS software information
about data collection and analysis on the FPGA application model
is given, and the application results are evaluated in the fifth
chapter. In the last section, the contributions of the study were
examined and information was given about future studies.

2. System Design

Obtaining information from raw data on the IT platform and
making decisions about business and processes with the help of
existing IS are always done with the help of servers inside or
outside the factory. The data collected from the electronic and
electromechanical manufacturing devices and different sensors
integrated into them, first use industrial communication protocols,
then transmitted to the cloud as IP packets. Right here, there is
always a need for another middleware interface in between. When
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real-time and critical applications run in the Cloud environment,
the transfer delay cannot be compensated. To reduce the response
time of the system, another service layer called edge computing
is added to the entire architecture. In edge computing, [oT devices
send their requests to these edge servers, Thus, as the traffic to the
cloud will decrease, the response time of the system will also be
shortened (Hushmat et al., (2019). The main goal here is to use
protocols that provide less bandwidth with data association
(Plachy et al., 2015). Smart control boxes used as middle layer
elements, follow many electro-mechanical processes predefined,
especially in industrial automation tasks. They can also monitor
and control many sensors and actuators in the system.

Ensuring the efficiency of critical manufacturing equipment
and the quality of products is an ongoing process. Therefore,
unplanned downtime for machines, hardware failures, and
material defects without counting human errors are accepted as
the most important reasons that can negatively affect quality and
productivity (Banner, 2022). Nowadays, there are many industrial
devices such as wind turbines, water pumps, and regional
substations operating in remote locations without the supervision
of an operator.

2.1. EDGE Computing

There are two different methods by which edge computing
can be installed:1) hierarchical model and 2) software-defined
model/network (SDN). In the hierarchical model, edge servers
can be assigned to perform a different function according to
existing applications at different distances of the network (in-
plant, regional, national, etc.). The use of smart PLCs
(Programmable Logic Control) with the ability to connect to the
internet for maintenance purposes is widespread in industrial
control such as error detection and automatic intervention to
possible failures (Sisman et al., 2018).

PLC control boxes have disadvantages such as cost
(especially the effect of prominent company products in some
areas) and software control inflexibility. Due to the constraints of
IoT devices such as energy, memory, and processor, that will
collect data from the production environment, it would be more
rational to send the data to an FPGA device that is close by, and
has higher functional capabilities and flexibility.

In power modules, which are the most important component
of working electronic devices, electrical and thermal parameters
that change over time can be monitored. Thus, situations such as
melting at the soldering points of this module or dislodgement of
the connection conductors on the card can be detected in advance
(van der Broec et al., 2020). The vibration and thermal fingerprint
differences between normal and malfunctioning machines from
the collected data were realized with an edge-software device with
microprocessor-controlled and embedded software (Akhtari et al.,
2019).

In today's industry, real-time control over cloud services
causes unacceptable delays. By De Blasi and Engels, open-source
software that protects the PLC as the main component and
optimizes its ability to have more functions has been added and a
smart box solution has been proposed (De Blasi and Engels,
2020).

The thermal temperature and ambient temperature of the
machine and its parts have a significant effect on the accuracy of
CNC machines. In reference (Ali et al., 2015), a study conducted
with ANFIS, the effect of all thermal temperature sensors was
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listed and grouped according to their position in the machine, and
the estimation values were found successful according to the test
results. Reference (Gougam et al., 2020) proposed an ANFIS
algorithm successfully used in rotating part manufacturing
devices, feature extraction, and autogram analysis that can find
the faulty signal on bearings where it is very difficult to detect
ideal operating vibrations due to the noise created by other
mechanical elements.

ANFIS (Neural Fuzzy Logic Inference System), one of the
machine learning algorithms that should be used as a necessity
due to the abundance of data collected, was chosen in this study.
It can provide the classification of operating systems according to
different parameters and Predictive (Predictive) Maintenance
planning by using sensor data placed in industrial systems in a
planned manner. Artificial intelligence and fuzzy logic methods
are actively used in many areas. However, an FPGA-based
middle-layer application representing Edge Computing in
industrial environments has not been encountered in the current
field writing studies.

3. System Architecture

There are electronic and electromechanical devices (CNC,
molding, printing, welding, cutting, etc.) in the systems that are
produced depending on the industrial sector. The ability of these
devices to communicate seamlessly with each other and to be
managed by a control center is important for ensuring functional
continuity. Resistant to factory conditions with different serial
communication interfaces, allowing different devices
(production, barcode, bearing, temperature, humidity, vibration
sensors, etc.) to join the factory network and communicate with
management equipment, with low power consumption, allowing
fast installation, fast running, They need industrial serial device
servers. Figure 2 shows a system architecture that we consider
within the details of a former study (Ercan and Al Azzawi, 2019).

Figure 2. Proposed system architecture and Data Flow Chart
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In the above design, real-time data flows from the factory
ERP information system, industrial production devices, and
sensors located at certain points of these devices to FPGA inputs.
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In this edge information infrastructure, which works with the
ANFIS algorithm on the FPGA, the incoming raw data is filtered
and if necessary, the communication protocols are changed and
pre-processed. Again, with the ANFIS algorithm, a possible
maintenance decision is made by making maintenance estimates.
While these first operations on edge smart devices analyze the
data, they also help to partially overcome the difficulties that may
occur while transferring it to the cloud environment (Yuriyama
and Kushida, 2010).

3.1. FPGA Usage

FPGAs are digital integrated circuits consisting of
programmable logic blocks and interconnections between these
blocks, with wide application areas. Other circuits that can be
used for the same purposes (SoC-System on Chip) can be
provided with lower total costs. However, FPGA gives great
flexibility and usability due to the ease of realizing all logic
functions required by the designer. However, FPGAs have design
and programming difficulties besides their superior features. For
this reason, it is used only in very special and important areas,
where advanced technology, scientific and sensitive works are
required. Figure 3 shows the input/output blocks, logic, and
memory blocks on the FPGA, and the communication between
these blocks (FPGA Example, 2022).

With this structure, it is possible to make copies of all digital
circuits that are mass-produced and to develop non-production
integrated circuit software. With a language called HDL
(Hardware Definition Language), flexible hardware design, ie
programming, required for different applications can be made.
The most important feature of industrial automation systems is
that all system components and infrastructure can be operated in
harmony. FPGA, which we plan to use within the scope of the
study, has advantages such as flexible and reconfigurable
structure, parallel data processing capacity, and multiple
input/output possibilities. These different hardware features help
to easily reveal the proposed original design, giving more testing
opportunities for rapid prototyping. In reference (Feng et al.,
2019), the authors worked on CNN-RNN (Convolutional Neural
Network and Recursive Neural Network) algorithms for medical
controls related to remote health. These two different machine
learning algorithms were run separately on the FPGA and the
CPU, and it has been shown that the FPGA performs 15.23 times
fast processing.

4. Software System and ANFIS Effect

Neural Fuzzy Logic Inference System (ANFIS) is a hybrid
modeling method consisting of a combination of ANN and Fuzzy
Logic methods. The most important step in modeling with fuzzy
logic is determining the membership degrees of input/output
variables. Then, inference rules, which give the relationship
between these changes made on the inputs and the appropriate
outputs, are applied. ANFIS, by using the learning ability of ANN,
provides optimization by determining the most appropriate
membership functions and inference rules in the training dataset.
ANFIS can be evaluated as a three-layer feedforward ANN.

In this network structure shown in Figure 3, the first layer is
the layer where the input variables are applied and membership
functions are determined with the help of ANN, the second layer
is the layer where the fuzzy rules are created and inference is
performed, and the last layer is the layer where the inference
system result is obtained (Khazal and Ercan, 2018). In the fuzzy
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logic control example designed in Figure 5, the first layer
predecessor and the result parameters in the fourth layer of the
selected input values are improved by ANFIS below (Karaboga
and Kaya, 2019).

The initial weight values, which are the most important
disadvantages of using artificial neural networks, are dealt with
by fuzzification, which is the first step of fuzzy logic in the model
(Kar et al., 2014). The Sugeno Fuzzy model is used for learning
and finding the most suitable one of ANFIS structure ANNSs that
are not included in this study. This method provides a mechanism
that is more suitable for System modeling and control design.
However, we used the Mamdani model for Fuzzy Logic Control
since we only focused on general FPGA applications.

Loyl Layar 2
P .1
A 2 1
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8 |
ye 7. L] L ]
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A ' N
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Parameters Parameters

Figure 3. ANFIS responsible for Premise and Consequence
parameters

VHDL (Very High-Speed Integrated Circuit Hardware
Description Language), one of the two hardware programming
languages (Verilog and VHDL), was used over MATLAB to
implement ANFIS on FPGA integrated hardware structure.

As an example of the inputs used in the proposed model
(vibration, speed, and temperature controlling the raw material
input placed in any molding machine and the information from
the vibration sensors in the fixed and moving parts of the molds
can be analyzed. The data flow chart in Figure 2 has been
followed for easy interpretation and understandability of the
ANFIS classification and estimation algorithm in the study. In
such a system with a maintenance decision target, the past
maintenance information of the device and the device from the
ERP information system and the threshold exceeding values that
can be obtained with reports from a possible SCADA system can
also be used for the final decision.

4.1. Detection of Anomaly in the Production
Systems

The parts to be provided with data by using sensors in mold
machines are generally the moving arm part of the mold chamber,
the temperature of the mold raw material, or the motor that
enables the movement of the raw material to the mold room. A
representative picture of this is given in Figure 4, and the obtained
data set is given in Table 1.

The data needed for the molding machine in the system was
provided by the Huawei German Research Center on the
“Predictive Maintenance Datasets” site. There are 3 different

44



European Journal of Science and Technology

parameters and 112,002 sample records consisting of
measurement values of Speed, Humidity, and Vibration sensors
(Axenie and Bortoli, 2020).

$1-Vibration; S2-Humidity-Temperature; S3-Speed Sensors

Figure 4. Proposed plastic injection molding machine and
suitable sensors

The most important goals in the use of Edge Information
infrastructure as a Predictive Maintenance (PdM) targeted

business model are to operate power and computing resources
efficiently and to keep the collected data quality at a high level.

For this reason, anomaly detection approaches, which are at
the intersection of statistical, data mining, and machine learning
methods, are among the prominent studies to ensure the quality of
sensor data. Anomaly detection methods; With approaches such
as removing duplicate data, removing noise, and estimating lost
data, which are used to improve data reliability and quality, it
stands in an important place in revealing unexpected patterns
outside of normal data (Kalayc1 and Ercan, 2018).

FPGA hardware "Xilinx Zynq xc7z020" was used in the
study. Different "Intellectual Property- (IP)" s were revealed by
making hardware design with Vivado High-Level Synthesis-
(HLS) for each different ANFIS algorithm that will work on it
(Ercan and Al Azzawi, 2019). Thus, a special hardware structure
was created in which different ANFIS functions by using different
memories and switches in the FPGA circuit board starting from
the sensor inputs.

Table 1. Features of a Sample Set

Statistical Values Speed (rpm) Temperature (%) | Vibration (Db)
Minimum 16.933 72.399 2.000
Maksimum 93.744 75.400 99.995
Average 55.338 73.236 28.229
St.Deviation 5.067 0.426 1.27

5. Findings and Discussion

The combined Artificial Intelligence and Fuzzy Logic
(ANFIS) method has been used for classification, recognition,
prediction, data association, diagnosis, interpretation, and

decision-making purposes, which are the areas of this predictive
maintenance work, as well as being actively used in many areas.
Membership values in our Fuzzy Logic system designed for these
data to be used as FPGA inputs are given in Table 2.

Table 2.Fuzzy Logic Membership Values

Input Type Membership Values Membership Ranges
Low 2-40
Vibration Medium 40-80
High 80-100
Low 71-73
Temperature Medium 73-74
High 74-76
Slow 16-30
Normal 30-55
Speed Fast 5580
Dangerous 80-94
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As output, options such as "Control, Monitoring, and
Intervention" have been determined to make the maintenance
decision in Figure 2. 10 fuzzy inference rules were designed
according to the current values. While using the Sugeno Fuzzy
model for the ability to find the most appropriate preliminary and
result parameters together with the learning of ANFIS structure
ANNSs, we have used the Mamdani model as an example of FPGA
application in edge computing. In Figure 5 below, our output
obtained with our data entries, Membership values, and
established rules for Fuzzy Logic Control functions are shown.
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Figure 5. Fuzzy Logic Inference Model

The experimental findings were interpreted among
themselves considering different experimental conditions, on the
other hand, the measured values were compared with the
numerical values obtained using the formulas given in the
literature. In the Fuzzy Logic data analysis performed without
ANN, especially when all three input data are determined to be
high in the data set, our mold device gives an intervention alarm,
while the temperature values are at a medium level and the
monitoring output is obtained in places where vibration and speed
are high. Provided that the data set remains the same, the
intervention information generally does not change in the changes
in membership values, but different results are obtained for
monitoring. The results obtained in the study were compared with
the results obtained by using the MATLAB program on desktop
computers without FPGA and the results of different data mining
algorithms used in the literature. The values for the speed sensor
in the bearings are quite small in this data set. With a new data set
and different input numbers, the ANFIS algorithm can be used
with all its features.

6. Conclusions and Recommendations

In the study, for Fuzzy Logic modeling, the measurement
values of the Speed, Humidity, and Vibration sensors provided
from the “Predictive Maintenance Datasets” site in the Huawei
German Research Center at “zenodo.org/record/3653909%#.
X nBAOgzZPY” were used. Membership functions and rules
string in the Fuzzy Logic system is created with these values used
as FPGA inputs. A maintenance decision modeling, which is
automatically determined with options such as "Control,
Monitoring, and Intervention" as output, has been made. Its fast,
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flexible and reconfigurable FPGA architectural structure provides
the opportunity to test all kinds of designs while offering added
values such as performance, cost, and time savings. The
availability and performance of the total equipment will
automatically increase as a result of the evaluation of the devices,
sensors, and other Information Systems used in the production
environment with FPGA edge information infrastructure. Our two
main conclusions are;

1. The use of flexible FPGA hardware as a smart control
box in Edge Computing infrastructure helps to collect more
critical data due to much more data input and is a perfect solution
for Industry 4.0 as it allows effective analysis.

2. In the manufacturing industry of Industry 4.0, the use of
different sensors for the operation and environment information
of the devices contributes to the organization and management of
the value chain process in the entire production infrastructure.
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Oz

Bu calisma, farkli fiber yonlenme agilarinin karbon elyaf takviyeli epoksi tabakali kompozitlerin dogal frekans degerlerine ne sekilde
etki ettiginin yanit yiizey metodu (YYM) ile belirlenmesini amaglamaktadir. Box-Behnken tasarimina (BBT) gore belirlenen 15 adet
tasarim konfigiirasyonu ile deney tasarimi gergeklestirilmisti. ANSYS sonlu elamanlar analizi paket programinda deney tasarim
noktalarindaki girdi parametrelerine uygun olarak olusturulan modellerin modal analizleri gergeklestirilmistir. Temel frekans degerleri
yanit vektorii olarak elde edilmistir. Kuadratik regresyon (KR) modelinin kurulmasi igin girdi parametreleri ve bu parametrelere karsilik
gelen yanit verileri kullanilmistir. Modelin tahmin kabiliyetinin artirilmast ve daha basit bir model kurulmasi amaciyla, istatistiksel
olarak anlamsiz olan terimler modelden ¢ikarilmistir. Varyans analizi (ANOVA) sonuglarina gore, literatiirle uyumlu bir sekilde, dis
tabakalardaki fiber yonlenme agilarinin yapinin dogal frekansina olan etkisinin, tarafsiz eksende bulunan merkez tabakaya kiyasla
yaklagsik 2 kat daha fazla oldugu hesaplanmistir. Rastgele tasarim parametrelerinde modellenen 112 adet sonlu elemanlar modeli modal
analize tabi tutulmustur. Titresim analizi sonuglar1 kullanilarak makine 6grenmesi tabanli “Gauss Process Regression” yontemi ile yeni
bir regresyon modeli kurulmustur. Onerilen bu matematiksel modelin BBT 6rneklem parametreleri i¢in KR modeline kiyasla yaklasik
34 kat daha az hata ile tahmin saglayabildigi belirlenmistir.

Anahtar Kelimeler: Tabakali Kompozitler, Titresim Analizi, Sonlu Elemanlar Metodu, Box-Behnken Ydntemi, Yanit Yiizey Metodu

Investigating the Effect of Different Fiber Orientation Angles on the
Natural Frequency of Laminated Composite Beams by Response
Surface Method

Abstract

This study aims to determine how different fiber orientation angles affect the natural frequency values of carbon fiber reinforced epoxy
layered composites by response surface method (RSM). Experimental design was carried out with 15 design configurations determined
according to the Box-Behnken Design (BBD). Modal analyzes of the models created in accordance with the input parameters at the
experimental design points were carried out in the ANSY'S finite element analysis package program. The fundamental frequency values
were obtained as the response vector. Input parameters and corresponding response data were used to construct the quadratic regression
(QR) model. Statistically insignificant terms were removed from the model in order to increase the predictive ability of the model and
to establish a simpler model. According to the analysis of variance (ANOVA) results, in accordance with the literature, the effect of
fiber orientation angles in the outer layers on the natural frequency of the structure was calculated to be approximately 2 times higher
than in the central layer located in the neutral axis. 112 finite element models modeled in random design parameters were subjected to
modal analysis. A new regression model was established with the machine learning-based "Gaussian Process Regression" method using
the vibration analysis results. It has been determined that this proposed mathematical model can provide an estimate with approximately
34 times less error for BBD sampling parameters compared to the QR model.

Keywords: Laminated Composites, Vibration Analysis, Finite Element Method, Box-Behnken Method, Response Surface Method
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1. Giris

yorulma dayanimi, asinma direnci, korozyon direnci vb. gibi
ozellikler agisindan diger birgok malzemeye gore daha iistiin
olmalari sebebiyle giiniimiizde miihendislik malzemesi olarak
pek cok yapida kullanilmaktadir. Tabakali kompozitler ise
temel malzeme dogrultusuna gore farkli veya ayni agisal
yonlenmeye sahip, bircok katmanin {ist iiste istiflenmesi ile
olusturulan  kompozit yapilardir. Tabakali kompozit
malzemelerin farkli yiikleme sartlarinda caligabilmesi igin
gerekli olan mekanik 6zellikleri, tabakalarin yonlenme agilari
ve dizilis sirasi degistirilerek elde edilebilmektedir.
Giintimiizde otomobil, ugak ve uzay endiistrilerinde yaygin
olarak kullanilan bu malzemelerin tasarim asamasinda titresim
davraniglarinin incelenmesi olduk¢a biiyiik bir Onem arz
etmektedir (Sahin, 2006). Kompozit yapilarin dinamik
davraniglarinin  incelenmesi  hususunda bir¢ok ¢alisma
bulunmaktadir. Bu ¢aligmalarda malzeme ve geometrik
parametrelerin, yapinin enerji yutma kapasitesi, dogal frekans
ve mod sekilleri gibi dinamik davranisi lizerindeki etkileri
niimerik ve deneysel olarak incelenmistir (Ganapathi, Kalyani,
Mondal, & Prakash, 2009; Srinivasa, Suresh, & Prema Kumar,
2014; Thai & Kim, 2010; Zhen & Wanji, 2006). Bu
yontemlerin her biri yiiksek hesaplayict kapasitesi, uzun
hesaplama zamani ve yiiksek tiretim maliyeti gibi oldukca
zahmetli bir siireg gerektirmektedir. Bircok problemde ise
gercek degere yakin hassas sonuglar fiziksel anlamda birkag
6zel durumda gerekebilmektedir. Miihendislik problemlerinde
hesaplama siiresini kisaltip daha hizli ve daha kolay hesaplama
imkant ile kabul edilebilir hassasiyette sonuglar veren
istatistiksel regresyon analizi kullanimi son yillarda giderek
artmaktadir (Dagli, Ergut, & Turan, 2020). Tabakali kompozit
malzemelerin istatistiksel yontemlerle titresim analizinin
incelenmesi {izerine yapilan ¢alismalardan, Pashmforoush
(2019) fonksiyonel olarak derecelendirilmis grafen takviyeli
kompozit plakalarin serbest titresim Ozellikleri iizerinde
istatistiksel bir analiz yapmustir. Kalinlik orani, hacim orani,
plaka smir sartt gibi g¢esitli girdi parametrelerinin  bir
fonksiyonu olarak plakalarin boyutsuz dogal frekanslarim
ifade etmek igin bir regresyon modeli gelistirmistir. Altabey
(2018), bazalt elyaf takviyeli polimer tabakali kompozitlerin
degisken kalinlik ve elastik kisitlama katsayili sinir
sartlarindaki dogal frekanslarinin tahmini i¢in sonlu serit gecis
matrisine dayali olarak yanit ylizey metodunu (YYM)
kullanmiglardir. de Assis and Gomes (2021), tabakali
kompozit plakalardaki bir ¢atlagin konumunu, boyutunu ve
yoninii tahmin etmek icin YYM, metasezgisel aycicegi
optimizasyonu ve yapay sinir aglar1  yontemlerini
kullanmislardir. Reddy, Reddy, and Reddy (2013) dort kenari
ankastre sinir kosuluna sahip, tabakali kompozit plakanin fiber
yonlenme agisina bagli olarak dogal frekanslarimi tahmin
etmek i¢in D-optimal tasarim ve YYM kullanmiglardir. Dogal
frekanslar, sonlu elemanlar metodu (SEM) paket programi ile
bulunmustur. Gelistirilen modeli, model gelistirmek i¢in hig
kullanilmayan test verileriyle test etmisler, belirleme katsayisi
ve kalintt analizini kullanarak modeli dogrulamislardir.
Optimal istifleme dizilimi i¢in yan-kalinlik oranlarinin, en-boy
oranlarinin ve modiil oranlarinin dogal frekans iizerindeki
etkisini aragtirmiglardir. Pashmforoush (2022), grafen
takviyeli fonksiyonel derecelendirilmis plakanin serbest
titresim davranigini, SEM ve makine 6grenmesi yaklagimlarini
kullanarak incelemistir ve regresyon analizini
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gerceklestirmistir.  Dogal frekans: etkileyen en Onemli
parametrelerin sirasiyla sinir sarti tipi, grafenin hacim orani ve
ardindan kalinlik orani ve dagilim modeli oldugu sonucuna
varmistir. Jeawon, Drosopoulos, Foutsitzi, Stavroulakis, and
Adali (2021), ¢ fazli grafen/elyaf takviyeli tabakali
nanokompozit plakalarin temel frekansini maksimize etmek
icin optimum tasarimi ve analizi iizerine ¢aligmislardir. Grafen
ve fiberin homojen olmayan dagilimlarinin yani sira fiber
yonlenmelerinin tasarim verimliligini artirmada oldukga etkili
oldugunu tespit etmislerdir. Adali and Verijenko (2001), ¢esitli
acisal  dizilise sahip hibrit kompozitlerin  serbest
titresimlerinde, temel frekansi maksimize etmek igin optimal
istifleme dizilimlerini aragtirmiglardir. Karakaya and Soykasap
(2011), temel dogal frekans ve burkulma yiikiiniin
maksimizasyonu i¢in hibrit kompozit plakalarin istifleme
dizilimi tasarimin1  genetik ve benzetimli tavlama
algoritmalarim1 kullanilarak arasgtirmiglardir. Todoroki and
Ishikawa (2004), ¢esitli istifleme dizilislerine sahip silindirik
bir kabugun burkulma yiikiiniin maksimizasyonunda yanit
ylizeyinin olusturulmasi i¢in yeni bir deneysel tasarim yontemi
onermislerdir. Cherniaev and Komarov (2015) mukavemet,
burkulma, titresim ve imalat kisitlamalarina bagl bir kompozit
tahrik mili tasariminda, elyaf yonlenme agilarinin ve tabaka
istifleme sirasinin  belirlenmesinde YYM  kullanmislardir.
Jafari, Yousefi, and Hosseini-Hashemi (2015) carpik tabakali
kompozit plakalarin titresim analizinde istifleme sirasin
optimize etmek i¢in genetik algoritma (GA) ve yapay sinir
aglarin1 kullanmiglar ve tasarim degigkenleri olarak fiber
yonlenme acilarimi ele almuslardir. Carpik acilarm, simir
kosullarinin, en-boy oranlarinin ve simetrik ve anti-simetrik
yerlesimin ~ optimal  sonuglar  iizerindeki  etkilerini
arastirmiglardir. Fallahi (2021) lineer fiber yonlenme agilarinin
tanimin1 kullanarak ilk kritik burkulma yiikiinii ve ilk dogal
frekanst maksimize etmek i¢cin GA optimizasyon ydntemini
uygulamistir. GA yaklasiminin yakinsamasini gostermek igin
tepki yilizeyi (RS) yontemini kullanan bir model gelistirmistir.

Literatiir taramasi sonucunda, tabakali kompozit kiriglerin
titresim analizi ile ilgili, ¢esitli tabaka dizilisi durumlarinda
elde edilen dogal frekanslart minimize veya maksimize etmeyi
amaglayan  optimizasyon  ¢aligmalariin  bulundugu
goriilmektedir. Ancak, fiber yonlenme agisindaki degisiklige
bagli olarak kompozit kirisin dogal frekanslarin tahmini
hususunda oldukga sinirlt sayida ¢aligma bulunmaktadir. Bu
calismada literatiire katki saglamasi agisindan, {i¢ tabakali
karbon fiber takviyeli kompozit kirislerdeki fiber yonlenme
acilarmin yapinin dogal frekansina olan etkilerinin YYM ile
incelenmesi amaglanmaktadir.

2. Materyal ve Yontem

Yontem iki ana adimdan olugmaktadir: Niimerik analiz ve
YYM. ilk adim, 3 tabakaya sahip fiber takviyeli kompozit
kirigin ~ sonlu  elemanlar modelinin elde edilerek
dogrulanmasini, ikinci adim ise bagimsiz degisken olarak
tanimlanan  tabakalardaki yonlenme acgilarinin  farkh
kombinasyonlarint  igeren deney tasarimimi ve bu
kombinasyonlarin yapmin dogal frekansina olan etkilerinin
farkli yanit ylizey metotlar1 ile irdelenmesini igermektedir.
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2.1. Niimerik Analiz

Tabakali kompozit kirisin titresim parametreleri, sonlu
eleman yontemi ile modellenip ¢oziimii gerceklestirilerek
belirlenmistir. ~ Kiris ANSYS  paket programi ile
modellenmistir. Model, SHELL 281 elemam1 kullanilarak
olusturulmus ve analiz edilmistir. SHELL 281 elemaninin 8
diigiimii bulunmaktadir. Her diigiim, X, y, z yonlerinde 6teleme
ve donme dahil olmak iizere 6 serbestlik derecesine sahiptir.
Bu eleman, ince kabuk yapilarimin analizi i¢in uygun bir
geometriye sahiptir (Ozdemir et al., 2018).

Modellenen tabakali kompozit kiris 320 eleman ve 1050
diigiimden olusmaktadir. Geometrik olarak kirisin uzunlugu ve
genisligi sirasiyla L=200 mm, b=25 mm'dir. Her katmanin
kalinlig: t=0.269 mm'dir (Sekil 1). Kirisler ankastre-serbest
sartina sahiptir ve karbon fiber/epoksi katmanlardan olusan 3
tabakali yap1 olarak modellenmistir (Sekil 2). Calisma
kapsaminda ele alman kompozit malzemenin &zelikleri
(Ghasemi, Paknejad, & Fard, 2013) asagida verildigi gibidir.

E11=120 GPa, E22=7.9 GPa, G12=G13=5.5 GPa,

9 12= 9§ 23=0.33 (poison orani), (yogunluk) =1580
kg/m3.
|

X |h

Zn

‘./ K
Tabaka-1 \/
z %
L

Sekil 1. Ankastre-serbest sinir sartindaki tabakali kompozit

kiris
LRYER STACEING
ELEM = 141
SECT = 1
LRYERS :
TOTAL = 3
SHOWN
FROM 1710 3
Layers$ Materials
I 1
Theta
2 1
a
3 1
a0
(1]

Sekil 2. Tabakali elemanlarin istifleme agisi, siras1 ve her bir
tabakanin malzeme tipi
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/

Xy

Sekil 3. Tabakali kompozit kirisin yon dogrultulari

Cesitli fiber yonlenme agilarinin (Sekil 3) yapimnin dogal
frekansina olan etkisinin incelenmesinden 6nce olusturulan
ANSY'S modelinin dogrulugunun kanitlanmasi i¢in elde edilen

dogal frekanslar literatiirde  verilen sonuglar ile
karsilagtirilmistir.
Omek 1: Yapilan ¢oziim yonteminin gegerliligini

saglamak amaci ile Hu N. vd. (2002)' in ¢alismasinda verilen
sonuglar ile bu ¢alismada ANSYS SEM paket programi ile
elde edilen dogal frekans degerleri karsilastirilmustir.

Tabakali kompozit kiris ig¢in kullanilan malzeme ve
geometrik parametre degerleri: E;1=134 GPa, E»=10.3 GPa,
G12=G3=5 GPa, 9;, =0.33 (poison orani), L=127 mm (kirigin
boyu), b=12.7 mm (kirisin eni), h=1.2 mm (kirisin kalinlig1),
yogunluk =1.48 kg/m? seklindedir. Tablo 1'de ankastre-
ankastre sinir sartinda [0°/90°] fiber yonlenmesine sahip
tabakali kompozit kiris i¢in elde edilen dogal frekans degerleri
goriilmektedir. Tablo 1' den de goriilecegi gibi Hu N. vd.
(2002)’ nin g¢alismasinda verilen sonuglar ile bu calismada
bulunan degerler birbirine ¢ok yakin degerlerdir.

Tablo 1. Sekiz tabakali kompozit diiz kirisin [0°/90°]
ankastre-serbest sinir sartinda c¢esitli metotlardan elde
edinilen dogal frekans degerlerinin kiyaslanmasi

Modlar (Hz)
Metod
1. mod 2.mod 3.mod
(Hu vd. 2002) SEM 81.87 - -
(Hu 1999) Midlin SEM 82.00 - -
(Luo ve Hanagud i i
2000) Analitik Coziim o188
(Shen ve Grady 1992)
80.08 - -
Deneysel
(Gékmen Atlihan 2010) ) )
Analitik Coziim 81.99
ANSYS (Bu ¢alisma) 82.31 515.00 1438.10

Omek 2: ikinci 6rnek olarak Calim F., (2009)' nin
calismasinda verilen tabakali kompozit diiz kirisin dogal
frekans degerleri, bu ¢alisma kapsaminda olusturulan
modelden elde edilen dogal frekans degerleri ile
karsilagtirilmistir.

Calismada kullanilan malzeme ve geometrik 6zelliklerin
degerleri: E;=144.8 Gpa, Ex>= E3:=9.65 Gpa, G1.=G5=4.14
Gpa, G23=3.45 Gpa, 9, =0.3 (poison orani), L=762 mm
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(kirisin boyu), b=6.35 mm (kirisin eni), h=6.35 mm (tabaka
kalinligr), yogunluk =1389.23 kg/m? seklindedir. Tablo 2'de
basit mesnetli, tek tabakali (0°), grafit/epoksi diiz kirisin
diizlem dis1 dogal frekans degerleri verilmistir. Tablo 2' den de
goriilecegi gibi mevcut sonuglarin Calim F., (2009)' nin
calismasinin sonuglariyla iyi bir uyum icinde oldugu
goriilmektedir.

Tablo 2. Basit mesnetli tek tabakal (0°) grafit/epoksi diiz
kirigin diizlem dist dogal frekans degerleri (kHz)

Modlar (kHz)

Metod
1.mod 2. mod 3.mod
(Chandrashekhara et
al. 1990) Analitik 0051 0.203 | 0.454
(Nabi and Ganesan
1994) SEM 0.054 0.213 0.472
(Yildirim et al. 1999) 0051 0.202 0.451
Transfer matris metodu ' ' '
(Rao S. and Ganesan
N. 1995) SEM 0.051 0.202 0.454
(Calim F. (2009) 0051 0202  0.451
Niimerik ' ' '
ANSYS (Bu ¢alisma) 0.050 0.202 0.452
2.2. Yanit Yiizey Metodu

3 siirekli degisken igin toplam 15 adet tasarim
kombinasyonu Box-Behnken deney tasarimu ile belirlenmistir.
Belirlenen kombinasyonlarda tasarlanan fiber tabakali
kompozit modeller ANSYS programinda modal analize tabi
tutulmustur. Elde edilen dogal frekans degerleri ile girdi
parametreleri arasinda 2. dereceden bir regresyon modeli
kurulmustur:

y=Bo+ X BiXi + XK, Z};i BiXi Xj + X BuX? +
e (1)

Denklemde, B, sabit katsayiy1, B; regresyon modelinin
lineer terimlerinin katsayilarini, ; kuadratik terimlerin
katsayilarim, B etkilesimli terimlerin katsayilarm, X;
belirlenen bagimsiz  degiskenleri (deney tasariminin
faktorleri), € ise hata miktarimi ifade etmektedir. (1) no’lu
denkleme goére MATLAB programi kullanilarak kurulan
regresyon modeli Denklem 2’de verilmistir.

y = 29.279 — 0.28971x, — 0.06851x, — 0.28971x, +
0.000288x,x, + 0.00121x,x5 + 0.00288x,x5 +
0.00140x2 — 0.000125x2 + 0.00140x2 (2)

Ana terim olan X, hari¢ (p>0.05) anlamlilik seviyesine
sahip terimler istatistik olarak anlamsiz oldugundan modelden
cikarilarak regresyon modeli tekrar kurulmustur:

y = 27.976 — 0.27588x,; — 0.03130x, — 0.27588x3 +
0.00121x,x5 + 0.00139x2 + 0.00139x3  (3)

Varyans analizi (ANOVA) sonuglarina gore (3) nolu
modelin R2, Adj-R? ve RMSE (ortalama hata kareleri toplami
karekokii) degerleri sirastyla 0.969, 0.945 ve 1.26 olarak
hesaplanmustir. Istatistiksel indikatérler modelin tahmin
yeteneginin gelistirildigini gostermektedir.

Diger bir regresyon modeli ise makine 6grenmesi tabanl
bir yaklasim ile kurulmustur. Gerekli verilerin elde edilmesi
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icin ANSYS Workbench ACP modiiliinde 112 adet rastgele
parametrelerde kompozit model olusturularak Modal Analiz
modiiliinde analizleri gergeklestirilmistir. Elde edilen veri seti
MATLAB programinda bulunan “Regression Learner” arag
kutusu ile 5—katlamali capraz dogrulama kullanilarak 19 farkli
yontem i¢in analiz edilmistir. RMSE degeri diger yontemlere
kiyasla daha diisiik olan “Gaussian Process Regression Matern

5/2(GPRM)” modeli tahminleyici fonksiyon olarak
kullanilmigtir.
3. Bulgular

SEM paket programinda olusturulan modelden elde edilen
sonuglar, literatiirdeki farkli ¢dziim yontemlerinden elde
edilen sonuglar ile kiyaslanip modelin dogrulugu test
edildikten sonra YYM ile tasarim parametreleri incelenmistir.
Ornegin, [0°/90°/0°] dizilisine sahip kompozit kirisin birinci
mod sekli ve dogal frekans degeri Sekil 4’de goriilmektedir.

Analiz sonuglar1 kullanilarak elde edilen (2) nolu
regresyon modelinin varyans analizi (ANOVA) sonuglarina
gore R%, Adj-R?> ve RMSE (ortalama hata kareleri toplami
karekokii) degerleri sirastyla 0.976, 0.932 ve 1.39 olarak
hesaplanmustir.

NODAL SOLUTION

5UB =1
FREQ=27.9442
uz (BRVG)
RSYS=0

DMX =25.0503
SMN =-25.0503
SM¥ =.183E-04

I
-25.0503 -19.48386 -13.91é8 -8.3501 -2.78335
-22.267 -16.7002 -11.1335 -5.56673 .183E-04

Sekil 4. Ankastre-serbest sinir sartindaki [0°/90°/0°] dizilisine
sahip kompozit kirigin temel dogal frekansi ve 1. mod sekli

Analizlerde kullanilan X,, X;X,, X,X5 Ve x2 terimlerinin
p-degerleri sirastyla 0.15, 0.44, 0.44 0.74 olarak bulunmustur.
Istatistik olarak anlamsiz olan bu terimler (x, haric)
cikarilarak elde edilen (3) nolu indirgenmis kuadratik
regresyon modeline ait ANOVA sonuclar1 Tablo 3’te
verilmigtir.

Tablo 3.Indirgenmis Kuadratik Modele Ait Varyans Analizi

Tablosu (ANOVA)
Kareler
é); b ?gril;rrn il Delf;:ri De“;zri e
% % P masi g g
> M
X1 1 147.490 147.490 92.982 1.1 x Anlaml
105
x,* 1 | 15.870 15.870 10.005 @ 0.0133 = Anlamsiz
X3 1 | 147490 @ 147.490 92,982  1.1x Anlamli
105
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xpix3 1 24275 24.275 15303  0.0044 = Anlamh
x2 1 29.720 29.720 18.736  0.0025 = Anlamh
x5 1 29.720 29.720 18.736  0.0025 & Anlamh
Hata 8 | 12.689 1.58

*Ana terim oldugundan modelden ¢ikarilmamistir

Varyans analizi sonuglarma gére (3) nolu modelin R?,
Adj-R? ve RMSE (ortalama hata kareleri toplani karekokii)
degerleri sirasiyla 0.969, 0.945 ve 1.26 olarak hesaplanmuistir.
GPRM yénteminde R? ve RMSE degerleri sirasiyla 0.99 ve
0.43 olarak elde edilmistir.

Gaussian Process Regression Modeli (Matern 5/2 GPR)

30
¢ Gozlemler
—Kusursuz Tahmin
25+
v% ]
2 20r o
Q [}
£ -
g % °
=
<
15t R
]
10 B .
10 15 20 25 30
Gergek Deger

Sekil 5. Gergek degerler ve GPRM modeli tahmin cevaplari

Sekil 5’te goriildiigii lizere gergek ve tahmin degerlerine
gore elde edilen veri noktalar1 1:1 ¢izgisi (kusursuz tahmin)
etrafinda yogunlagmaktadir.

Sekil 6°da standardize etkilerin pareto grafigi verilmistir.

Standardize Etkilerin Pareto Grafigi

Terim 231 (0=0.05)
=t
x1 e
o))
=T
x3 e
. 4 // o
x1"2 A =
7, / “
X372 ag]
=
x1x3 i\
S o
X2 -
0 2 4 6 8 10

Sekil 6. Standardize Etkilerin Pareto Grafigi

Sonuglar  incelendiginde  regresyon  modelindeki
terimlerin yapinin dogal frekansina olan etkileri bakimindan
en etkili terimlerin dis tabakalar oldugu, bu terimlerin
kuadratik etkilerinin ise yamit tizerinde ikinci derecede etkili
oldugu goriilmektedir. Merkez tabakadaki yonlenme agisinin
yanit iizerine etkisinin en az oldugu ve bu terimi igeren
kuadratik ve etkilesimli terimlerin ise yanit {izerinde anlamli
bir degisim yaratmadig1 goriilmektedir.

Tablo 4. Box-Behnken Deney Tasarimina Gére Olusturulan Regresyon Modeli Ve Makine Ogrenmesi Tabanli Regresyon
Modelinin Karsilastirilmasi

Dogal Dogal %Hata Dogal %Hata

2 Girdi Frekans 1;: rﬁzkalns. — ; rtvekalns. | i
2 | Parametreleri | Degerleri | o o0 oot =, %100 egeriert | errm — Y1 100
= (ANSYS) (Kuadratik (GPRM)
a Model)

X1 | X2 | X3 Yy Ykm Exm YGPRM €cprM
1 0 | 90 | 45 14.327 15.489 8.114 14.341 0.1021
2 1901|451 90 7.716 9.661 25.21 7.718 0.0371
3 |45 | 45| 45 9.703 9.827 1.285 9.714 0.1151
4 190|145 0 12.936 13.029 0.723 12.953 0.1344
5 145 | 45| 45 9.703 9.827 1.285 9.714 0.1151
6 0| 0|45 18.311 18.337 0.146 18.349 0.2111
7 145190 | 0 14.327 15.489 8.114 14.316 0.0757
8 | 45| 45| 45 9.703 9.827 1.285 9.714 0.1151
9 | 45190 | 90 8.466 7.053 16.68 8.474 0.1006
10| 0 |45 90 12.936 13.029 0.723 12.949 0.1038
11145 0 | O 18.311 18.337 0.146 18.335 0.1333
12 1 45] 0 | 90 10.116 9.901 2.118 10.106 0.0979
13 190 | 90 | 45 8.466 7.053 16.68 8.469 0.0463
141 0 |45] O 28.010 26.533 5.271 28.095 0.3063
15190 | 0 | 45 10.116 9.901 2.118 10.215 0.9801
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4. Tartisma

(2) ve (3) nolu denklemlerde verilen regresyon modellerinin
istatistiksel indikatorleri karsilastirmali olarak incelendiginde
indirgenmis  modelin  tahmin  yeteneginin  gelistirildigi
goriilmektedir. Her ne kadar modellerin R? ve Adj-R? degerleri
oldukga yeterli goziikse de birgok ¢calismada g6z ardi edilen husus
yalnizca bu degerlerin baz alinarak modelin spesifik bir tasarim
noktast i¢in nasil cevap irettiginin arastirilmamasidir. Bu
baglamda (3) nolu denklemde olusturulan regresyon modelinin
her bir tasarim noktasi i¢in {drettigi tahmin tatmin edici
goriilmemistir. Tablo 4’de verilen 15 konfigiirasyonun yiizde hata
degerlerinin ortalamast Yk V€ Ypry icin sirastyla 5.99 ve 0.17
olarak hesaplanmigtir. Sekil 6’da verilen hassasiyet analizi
sonuglari incelendiginde yapinin dogal frekans degerlerinin dis
tabakalardaki fiber yonlenme agis1 degisimine merkez tabakaya
kiyasla daha duyarli oldugu goriilmektedir. Elde edilen bu
¢ikarimi  destekler nitelikte literatiirdeki ilgili caligmalar
incelendiginde, (Pingulkar & Suresha, 2016) yaptiklari
caligsmada, tabakalarin en dig katmanlarin yonlenme agilarindaki
degisimin dogal frekanslar iizerinde olduk¢a duyarli oldugu
sonucuna varmiglardir. En digtaki tabakanin hibridizasyonunun
ve fiber yonlenme agisindaki degisimin, fiber hacim oranina ve
matris malzemesindeki degisime kiyasla kompozit plakalarin
dogal frekanslari izerinde daha 6nemli bir etkiye sahip oldugunu
tespit etmislerdir.

Narita (2003) ise tabakali kompozit plakalarin dogal
frekansini maksimize etmeyi amacglayan yeni bir katmansal
optimizasyon yaklagimini 6nermistir. En digtaki tabakadaki fiber
yonlenme agisindaki degisimin yapinin dogal frekansina olan
etkisinin, en icteki tabakadakine kiyasla ¢ok daha fazla oldugunu
belirlemistir. Bu durumun sebebi, tabakalarin biikiilmesinde dis
tabakanin i¢ tabakaya gore daha fazla rijitlik etkisine sahip olmasi
ve dogal frekansin belirlenmesinde daha etkili olmasidir. Diger
bir deyisle, ankastre-serbest siir sartlarinda egilmeye zorlanan
bir kiriste tarafsiz eksenden uzaklastikca basi ve/veya c¢eki
gerilmeleri artmakta oldugundan tabakalarin rijitliginin de
artmast gerekmektedir. Dolayisiyla, tarafsiz eksene olan uzakliga
gore malzeme hacim oranm1 degisen ve buna bagli olarak
gerilmelerin  yant sira  rijitligi degistigi  fonksiyonel
derecelendirilmis kompozit malzemelerin tasarimi, dinamik
davraniglarinin incelenmesiyle ilgili aragtirmalar giiniimiizde son
derece hiz kazanmis durumdadir (Garg, Chalak, Zenkour,
Belarbi, & Sahoo, 2022). Gelecek ¢aligmalarda ise fonksiyonel
kademelendirilmis farkli geometrilerdeki kompozit kirislerde
tasarim  parametrelerinin  optimizasyonunun  yapilmasi
amaclanmaktadir.

5. Sonuclar

BBT yontemi ile olusturulan kuadratik regresyon modelinin
R? degeri 0.97 olarak, GPRM yontemi ile elde edilen modelin R?
degeri ise 0.99 olarak hesaplanmigtir. Her iki modelin R? degerleri
yakin olsa da BBT deney tasarimina gore belirlenen noktalardaki
ortalama hata oranlarinda GPRM modelinde KM modeline
kiyasla ~34 kat daha az hata elde edilmistir. Varyans analizi
sonuclarina gore ise dig tabakalardaki fiber yonlenme agilarinin
yapmin dogal frekansina olan etkisi merkez tabakaya kiyasla ~2
kat daha fazladir. Onerilen bu regresyon modelinin kullanimu ile
oldukca zahmetli siirecler barindiran tabakali kompozit
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malzemelerin tasariminda ihtiya¢ duyulan niimerik analiz ve
deneysel caligmalarin yerine, kabul edilebilir bir hassasiyette
sonuglar iretilmesi miimkiindiir. Boylelikle, daha diisiik
hesaplayict kapasitesi ve daha kolay hesaplama imkani
saglanarak tiretim siireci cok daha efektif bir sekilde planlanabilir.
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Oz

Gilinliimiizde gorsel ve estetik 6nemin artmasi, ayrica sosyal medya etkisinin ortaya ¢ikmast ile birlikte dis beyazlatma iglemleri
hastalarin en ¢ok ilgi duyduklar1 dental estetik tedavilerden biri haline gelmis ve son on yilda hastalarin dig beyazlatma tedavisine
olan talepleri ciddi bir artis gostermistir. Bunun yani sira dislerdeki renklenmeler estetik kaygiyla birlikte psikolojik ve sosyal
problemlere de neden olabilmektedir. Daha beyaz dislere sahip olmanin hastalar i¢in 6neminin artmasi, yillar i¢inde beyazlatma
ajanlar1 ve prosediirlerinin sayisinda inanilmaz bir artisa neden olmustur. Bu ajanlar, dis macunlari, gargaralar, jeller, bantlar,
beyazlatici ajan iceren firgalar ve cigletler gibi dis hekimi danigmanligi olmaksizin kullanilan ev tipi {irtinler olabildigi gibi
profesyonel olarak dis hekimi tarafindan klinikte uygulanan yiiksek konsantrasyonlu ofis tipi beyazlatma ajanlaridir. Beyazlatma
tedavisinin se¢imi, dis renklenmesinin tipine, lokasyonuna ve yogunluguna gore degisiklik gostermektedir. Dis hekimleri, beyazlatma
tedavisi arayiginda olan hastalari, giinlimiizde popiilaritesi oldukga artig gosteren bu iiriinler hakkinda dogru bir sekilde
bilgilendirmeli, oral ve sistemik saglik sinirlar1 icinde en yiiksek beyazlatmayi saglayabilmelidirler.

Dis renklenmeleri genel olarak i¢ kaynakli ve dig kaynakli renklenmeler olarak siniflara ayrilabilir. Renklenmenin nedenini bilmek dis
hekiminin beyazlatma teknigini planlamasina ve tedavinin sonuglarini tahmin etmesine yardimci olur.

Boylece bu derlemenin amaci, dis renklenmelerinin nedenlerini degerlendirerek, giincel tedavi segenekleri i¢in uygulanan materyal ve
yontemlerin kisa bir tasvirini saglamaktir

Anahtar Kelimeler: vital beyazlatma, devital beyazlatma, i¢ renklenme, dis renklenme, estetik

Tooth Discoloration and Current Treatments

Abstract

Today, with the increase in visual and aesthetic importance, also the effect of social media teeth whitening procedures have become
one of the dental aesthetic treatments that patients are most interested in. In addition, the coloration of the teeth can also cause
psychological and social problems along with aesthetic anxiety. The growing importance of having whiter teeth for patients has
resulted in a tremendous increase in the number of whitening agents and procedures over the years. These agents, toothpastes,
mouthwashes, gels, tapes, containing a whitening agent used by dentists, such as household products like brushes and gum without
consulting a dentist is professionally applied in the clinic with high concentrations of office-type bleaching agents. The choice of
whitening treatment varies according to the type, location and intensity of tooth coloration. Dentists should accurately inform patients
in search of whitening treatment about these products, whose popularity is increasing significantly today, and they should be able to
provide the highest whitening within the limits of oral and systemic health. Tooth discoloration are divided into two as ezternal and
internal discoloration. Knowing the cause of discoloration helps the dentist on planning the whitening technique and predict the
results of treatment. The purpose of this rewiev is to evaluate the causes of tooth discoloration and planning to describe the methods
and materials used for current treatment.

Keywords: vital whitening, devital whitening, internal discoloration, external discoloration, esthetic
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1. Giris

Dis renginin degismesi, giiniimiizde estetik kaygilarin da
artmast sebebiyle, bir hastanin disg hekimine bagvurmasinin en sik
nedenlerinden biridir (Ozduman Z., Celik C., 2017). Dis
renklenmesi genellikle estetik agidan hos olmadigindan, hastalar
acisindan psikolojik olarak travmatize edicidir (Alagam T. ,1990).
Dis renklenmesinin etiyolojisinin anlasilmasi dogru taniyi
koymak icin olduk¢a Onemlidir. Bazi durumlarda, lekelenme
mekanizmasi tedavinin sonucunu etkileyebilir ve dis hekiminin
hastalara sundugu tedavi seceneklerini etkileyebilir. Genetik,
cevresel, medikal ve dise ait ¢esitli faktorlerle meydana gelen dis
renklenmelerinin etiyolojileri farkli siniflamalara sahiptir.

Dis renklenmesinin nedenleri, dis kaynakli veya i¢ kaynakli
renklenmeler olarak siniflandirilabilir (Cakir Kirli M., & Geng
Sen O., 2021).

2. D1s Kaynakh Renklenmeler

Dis kaynakli renklenmeler genellikle lokal orijinlidir. Dis
kaynakl renk degisikligi, dis yapisinin dis yiizeyinde yer alan ve
topikal veya dis kaynakli ajanlarin neden oldugu renk
degisikligidir (Manuel ST, Abhishek P, & Kundabala M, 2010).
Geleneksel olarak, dis kaynakli dis renklenmeleri kaynagina gore
metalik veya metalik olmayan renklenmeler olarak da
siiflandirilabilirler.

2.1 Metalik Renklenmeler

Dislerin dis kaynakli renklenmesi, mesleki olarak metalik
tuzlara ve metal tuzlari i¢eren bir takim ilaglara maruz kalma ile
iligkili olabilir (Jenan Ehsan Alali et al, 2020). Demir takviyesi
kullanan kisilerde ve demir dokiimhane isgilerinde dislerin
karakteristik olarak siyah boyanmasi net bir seklide dokiimante
edilmistir (Alazmah A., 2021). Bakir, bakir tuzlar igeren agiz
(Waerhag M, Gjermo P, Rolla G, & Johansen J R., 1984) ve
endiistriyel kosullarda metalle temas halinde olan ig¢ilerde yesil
bir lekelenmeye neden olur (Ardu S, Stavridakis M, & Krejci 1.,
2007).

Diger bazi metaller, 0Ornegin permanganat, agiz
gargaralarinda kullanildiginda menekse ve siyah renklenme
olusturabilirler. Dis hekimliginde kullanilan giimiis nitrat tuzu
dislerde gri renklenmeye, (Dayan D, Heifferman A, Gorski M, &
Begleiter A. ,1983) stanoéz floriir ise sarimsi kahverengi
renklenmeye neden olur [60]. Demir ve potasyum permanganat
ilaglarinin birakilmasi halinde renklenme ortadan kalkar. Civa ve
giimiis renklenmesi amalgam dolgularin uygulanmasi sonrasinda
iyonlarin dentin kanallarina niifuzu ile meydana gelir. Bu tip
boyanmalarin uzaklastirilmas: olduk¢a zordur.

2.2 Metalik Olmayan Renklenmeler

Metalik olmayan renklenmelerde, dental plak ya da pelikilin
yapisina penetre olan maddeler disin boyanmasina sebep olur.
Kot agiz hijyenine sahip bireylerde bu renklenme yesil- turuncu
iken, agiz hijyeni iyi olan bireylerde ise siyah/kahverengi
gorinmektedir (Addy M & Moran J., 1995). Yogun kahve, ¢ay
tiiketimi ve nikotin renklenmeleri de sik olarak goriilen dis
kdkenli boyanma sebepleridir. Bu boyanmalar disin servikal ve
orta igliisiinde kahverengi ve siyah renklenmelerle karakterizedir
(Mirbod SM, & Ahing SI., 2000). Titin ¢igneyen kisilerde disteki
mikro catlaklara niifuz eden boyanmalarda renklenmenin
uzaklastirilmas1 olduk¢a zordur. Dis kaynakli renklenmelerin
tedavisi genellikle lastik/ fir¢a ve abraziv bir patla polisaj yapmak
ve oral hijyeni gelistirmekle mimkiindiir.
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3. I¢ Kaynakl Renklenmeler

I¢c kaynakli renk degisikligi, dis sert dokularmmin yapisal
bilesiminde veya kalinliginda bir degisikligin ardindan meydana
gelir (Murchison D, Charlton D, & Moore B., 1992), (Newbrun
E., 1992). Bir dizi metabolik hastalik ve sistemik faktoriin dis
gelisimini etkiledigi ve sonug¢ olarak renk degisikligine neden
oldugu bilinmektedir. Travma gibi lokal faktorler de ic
renklenmelerin sebeplerindendir (Sulieman M., 2005), (Pindborg
J1.,1970), (Watts A, & Addy M., 2001).

3.1 Metabolik hastaliklarin sebep oldugu icsel
renklenmeler
Fenilketontiri, konjenital eritropoetik porfiri, konjenital

hiperbilurubinemi gibi birgok sistemik hastalik i¢ kokenli
renklenmelere neden olmaktadir.

3.1.1 Fenilketoniiri

Fenilketoniiri  dogustan  gelen metabolizma hatasi,
homojentisik asit olusumunu tesvik eden tirozin ve fenilalanin
metabolizmasinin tamamlanamamasina sebep olur ve bu da
dislerde kahverengi bir renk degisikligine neden olarak kalici
disleri etkiler (Mwafi N., Alasmar A, Al-Momani et.al., 2021).
Tedaviye yanit vermemektedirler. Cocuk biyiidiikge renklenme
ortadan kaybolmaktadir (Feinman AR, ET AL., 1987).

3.1.2 Konjenital eritropoetik porfiri

Konjenital eritropoetik porfiri kemik iliginde, kirmizi kan
hiicrelerinde, idrarda, digkida ve dislerde porfirin birikimine yol
acan, porfirin metabolizmasinda bir hatanin oldugu, nadir
goriilen, ¢ekinik, otozomal, metabolik bir hastaliktir (Fayle S A,
& Pollard M A., 1994). Porfirin metabolizmasindaki bozukluk
sonucu aciga c¢ikan hematoporfiri, kemik ve dislerde depolanir.
Dislerde kirmizi-kahverengi renklenmeye sebep olur. Bu durum
eritrodonti olarak bilinir. Siit disleri daha fazla etkilenir. Disler,
beyazlatma islemlerine yanit vermemektedir (Caligkan MK. ,
2006 ).

3.1.3 Konjenital hiperbilirubinemi

Konjenital hiperbilirubinemi hemoliz sonrasi olusan yikim
aranleri, dislerde sari-yesil renklenmelere sebep olmaktadir. Hafif
yeni dogan sarihigi yaygin olarak goriilmesine ragmen, kan
uyusmazligi nedeni ile gorillen siddetli hemoliz sonucu
pigmentler, kalsifiye dis dokularinda 6zellikle neonatal ¢izgilerde
birikerek renklenmelere neden olmaktadir (Watanabe K, Shibata
T, Kurosawa T, Morisaki I, Kinehara M, Igarashi S, & Arisue M.
,1999). Bu tiir renklenmelerin tedavi edilmesine gerek olmadigi,
cocuk biiyldiikce renklesmenin kaybolacagi bildirilmektedir
(Koruk A, Ceyhan D, & Kirzioglu Z., 2010).

3.2 Kalitimsal
renklenmeler
3.2.1. Amelogenezis imperfekta

hastaliklarin neden oldugu igsel

Amelogenezis imperfekta, kalitimsal gecis gosteren, siit ve
daimi dislerdeki minenin yapisini, miktarini ve bilegimini
etkileyen mine gelisim anomalisidir. Genellikle otozomal
dominant ya da otozomal resesif gecis gosterir; X-kromozomuna
baglh gecisler seyrektir (Koyutiirk A, Kahvecioglu F, Sener Y, &
Gokalp A. ,2006), (Koroglu A, Ekren O, & Kurtoglu C., 2012).
Ameloblastlarin boylarinin kisaligindan otiirii saglikli bir mine
dretimi olmaz. Diglerin goriiniimii  Amelogenezisin tipine
baglidir. Nispeten hafif hipomatiir "karla kapli" ince mineden, sert
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mineye sahip daha siddetli kalitsal hipoplaziye karakterize olan
saridan sari-kahve renge dogru farklilik gosterir (Murchison D,
Charlton D, & Moore B., 1992).

Amelogenesiz imperfekta tedavisi iki agidan ele alinabilir.
Birincisi  koruyucu tedavidir. Bu agsamada oral hijyen
aligkanliklarinin  kazandirilmasi, dis tasi temizligi, fluorid
uygulamalari,  hassasiyet  giderici  iirin  uygulamalari
onerilmektedir. Tkincisi ise restoratif tedavidir (Williams WP, &
Becker LH., 2000), (Wright JT, Waite P, Mueninghoff L, &
Sarver DM., 1991). Mine dokusu bozulmamig, sadece
renklesmisse beyazlatma ya da mikroabrazyon tedavisi
uygulanabilir. Hipokalsifiye mineye kompozit regine veya
porselen veneer uygulamalari yapilabilecegi bildirilmektedir.
Mine ve dentine estetik kompozit dolgu restorasyonlar
yapilamadigi durumlarda kuron restorasyonlarin yapilmasi
gerekmektedir. Hastalarda, dikey boyut kayb1 oldugu durumlarda
okliizal splintle dikey boyut yiikseltilmesine ihtiyag
olabilmektedir (Tengiin A, & Ozer F. ,2002), (Sari T, & Usumez
A., 2003). Tedavi planlamasinda hastanin yasi, sosyo- ekonomik
durumu, hastaligin tipi ve siddeti, tedavi sirasindaki agiz ici
durumu gibi pek cok faktdr etkili olmaktadir. Amelogenezis
imperfektanin siit ve siirekli dislerde estetik goriiniim, fonksiyon,
okliizyon, fonasyon ve diseti saglig: iizerindeki olumsuz etkileri
geleneksel dis tedavilerinden daha farkli yaklagimlari giindeme
getirmekte ve diizenli takipler gerektirmektedir (Doruk C, Ozturk
F, Sari F, & Turgut M., 2011).

3.2.2. Dentin defektleri

Dentin defektleri, ¢evresel veya kalitimsal etkenler ile
olusabilmektedirler (Sclare R., 1948).

3.2.3 Dentinogenezis Imperfekta

Shields ve ark. ii¢ tip dentinogenezis imperfekta tipini
sunmustur (Kaur R, Karadwal A, Sharma D, & Sandhu M., 2021).
Klinik olarak, dentinogenezis imperfekta ile her iki dentisyon da
yani siit ve siirekli diglerin her ikisi de etkilenir. Diglerin rengi
kahverengiden mavi skalaya kadar degisir, bazen kehribar veya
gri olarak da tamimlanir (Weyman J., 1962). Mine, hastalarin
yaklagik tigte birinde hipoplastik veya hipokalsifiye olabilir ve
minesi etkilenen bir hastada mine dentinden kopma egilimindedir
(Lee E, Wadhwa P, Kim M, Jiang H, Um I, & Kim Y., 2021). DI
tedavisi restoratif, endodontik ve protetik yollara bagvurularak
yapilabilir.

3.3 iatrojenik nedenlerle olusan i¢sel renklenmeler
3.3.1. Tetrasiklin Renklenmesi

Plasenta bariyerini asabilen genis spektrumlu bir antibiyotik
olan tetrasiklin, dis gelisimi sirasinda kullanildig: taktirde igsel
renklenmeye neden  oldugu  bilinmektedir.  Tetrasiklin
renklenmesi, stabil bir ortofosfat kompleksi olarak hidroksil apatit
kristallerinin ylizeyindeki kalsiyum iyonlar ile selatlanan ilacin
sistemik uygulamasindan kaynaklanir (Murchison D, Charlton D,
& Moore B., 1992), (Tirker S, & Biskin T., 2002).
Tetrasiklin'den etkilenen disler sarimsi veya kahverengi-gri bir
goriiniime sahiptir. Bu durum eriipsiyonda daha kotiidiir ve
zamanla azalmaktadir. Dislerde goriilen renklenme siddetinin;
kullanilan tetrasiklin grubuna, kullanim siiresine ve kullanildigi
zamanda disin hangi formasyon fazinda olmasma bagli olarak
degisiklik gostermektedir. Etkilenen disler ayrica ultraviyole 151k
altinda floresan ve parlak sar1 bir renk verirler (Sanchez AR, &
Rogers RS., 2004). Minenin kalinlig1 kole bolgesinde daha ince
oldugu igin renklenme bu bolgede daha yogun goézlenmektedir
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(Wallman I, & Hilton H., 1962). Asir1 ve uzun siire tetrasiklin
alindiginda, renklenmelerin yaninda mine hipoplazilerine de
rastlanabilmektedir. Tetrasiklin, oksitetrasiklin,
dimetiltetrasiklin,  disleri  sari-kahverengimsi-gri  tonlarda
boyarken, Klortetrasiklin disleri gri tonda boyamaktadir.
Vibramisin ve Doksasiklin gibi renklenme yapmayan tetrasiklin
preparatlari da bulunmaktadir (Koruk A, Ceyhan D, & Kirzioglu
Z.,2010), (Sapir S, & Shapira J., 2007).

Tetrasiklin  renklenmelerinin  hafif tipte olanlarinda vital
beyazlatma yontemleriyle sonu¢ alinabiliyorken, renklenmenin
siddetli oldugu olgularda vital beyazlatma tedavisine yanit
alinamadig bildirilmektedir (Sapir S, & Shapira J., 2007).
Karbamid peroksid ile birlikte peroksidaz ya da laktoperoksidaz
gibi enzimlerin yiiksek konsantrasyonlarda kullanilmasiyla daha
etkin beyazlatma saglanabildigi bildirilmistir (Gimeno I, Riutord
P, Tauler P, Tur JA, & Pons A., 2008). Bu gibi sonu¢ alinamayan
durumlarda restoratif tedavi yeterli olamiyorsa protetik tedaviler
diigiiniilmelidir.

3.3.2. Florozis

Florozis kronik bir dis renklenmesidir. Dogal olarak su
kaynaklarindan veya floriir igeren ag1z gargaralari, tabletler veya
dis macunlar1 sebebiyle ortaya ¢ikabilir. Siddeti, yas ve alinan doz
ile ilgilidir ve her iki dentisyonu da etkileyebilir. Gebeligin 2.
trimestri ile 8 yas arasindaki siire zarfinda giinde 1 ppm’ den fazla
flor alimma bagli olarak meydana gelir. Flor ameloblastlar
tizerine direkt olarak tesir eder ve hipoplazilerle beraber tebesir
goriinimlii beyaz ya da saridan kahverengiye varan renk
degisimlerine sebep olur. Florozis hafif ise kuron yiizeyi beyaz,
opak lekeli gizgiler ve noktalar halinde iken, daha ileri vakalarda
sari-koyu kahverengi ve tebesir gorlintiisiindedir (Hilton S.,
1967).

Florozisin tedavisi, siddetine gore belirlenmektedir. Hafif
fluorozisli dislerde genellikle diizenli takipler Onerilmektedir.
Fizyolojik atrizyonla goriiniimiin diizelebilecegi belirtilmistir.
Hafif fluorozisli ve minor lezyonlar1 bulunan dislerde
mikroabrazyon ve eksternal beyazlatma uygulamalarindan sonra
CPP-ACP uygulamasinin, minede remineralizasyonu saglayarak
hassasiyeti giderebilecegi ve estetik gortiiniimii destekleyebilecegi
belirtilmigtir (Dayan D, Heifferman A, Gorski M, & Begleiter A.,
1983), (Waerhag M, Gjermo P, Rolla G, & Johansen J R.,1984).
Orta derece fluorozisli dislerde mikroabrazyon teknigi ve
kompozit restorasyonlarin  uygulanabilecegi  belirtilmistir.
Siddetli fluorozisli dislerde ise, kompozit restorasyonlarin,
kuronlarin, laminate venerlerin uygulanabilecegi belirtilmistir
(Hilton S., 1967).

3.4 Travma nedeni ile olusan i¢sel renklenmeler
3.4.1. Mine hipoplazisi

Mine hipoplazisi lokalize veya generalize olabilir. Mine
hipoplazisinin en yaygin lokalize nedeni, siit dislenmede travma
veya enfeksiyondur (Nikiforuk G, & Fraser D., 1981). Konjenital
D vitamini eksikligi, kizamik¢ik enfeksiyonu, hamilelik sirasinda
ve ¢ocukluk ¢agindaki kalsiyum eksikligi durumlarinda ilag¢ alimi,
mine hipoplazisine ve dolayisiyla minenin digsal renklenmesine
zemin hazirlayan, genellikle daha sonra igsel hale gelen
cukurlasma veya oyuklagmaya neden olabilir (Fearne J M, Bryan
E M, Elliman A M, Brook A H, & Williams D M., 1990). Mine
hipoplazilerinin tedavisinin, lezyonun siddetine gore sekillendigi
bildirilmektedir. Mine hipoplazilerinin tedavisinde; etch-bleach-
seal, mikroabrazyon tekniginden, intrakuronal, ekstrakuronal
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restorasyonlara kadar uzanan g¢esitli tedavi yaklasimlarindan
yararlanilabilir (Koruk A, Ceyhan D, & Kirzioglu Z., 2010).

3.4.2. Pulpal hemorajiler

Stirmiis bir dige yonelik akut travma, intrapulpal kanamaya
neden olarak disin kirmizi1 bir renk almasina kaynak olusturabilir.
Pulpa nekrotik hale geldikge bu renk degisikligi birkag giin iginde
gri-kahverengiye doniigebilir. Bu durum 6zellikle anterior
dislerde goriilmektedir (Miller EK, Lee JY, Tawil PZ, Teixeira
FB, & Vann WF.,2012). Bazen dis kendi kendine rejenere olur ve
beyazlatma tedavisi yapilmaksizin dis dogal rengine yeniden
kavusur. Bu durum pulpa nekrozu ger¢eklesmemisse goriilebilir.
Bu renk bozukluguna sahip dislere vitalite testi uygulanmalidir.
Renklenme periyodunun uzamasi ¢ogu zaman pulpa nekrozunu
isaret eder. Travmadan sonra olusan ankiloz nedeniyle de dislerde
beyaz veya sari-kahverengi renklenme goriilebilir (Arens D.,
1989), (Kielbassa AM, & Wrbas KT., 2000).

3.4.3. Dig sert dokularinin rezorpsiyonu

Dis sert dokularinda olusan rezorpsiyon, mine-dentin
siirinda pembe bir goriniimle karakterizedir. Dentin dokusunun
asir1 rezorpsiyonuyla birlikte vaskiiler yapinin mineden yansimasi
sonucu bu durum meydana gelmektedir. Klinik olarak internal
rezorpsiyon, pembe lekelere neden olur. Ayrica; periodontal
dokularin hasar1 sonucu olusan eksternal rezorpsiyonda da pembe
lekelenme goriilebilir (Zimmerli B, Jeger F, & Lussi A., 2010).
Graniilasyon dokusu kaynakli pembe disler, kdk kanal tedavisi
ardindan kompozit dolgu tedavisi ile estetik acidan da
iyilestirilebilirler (Y1lmaz N., & Cigek E., 2015).

3.4.5 Dentin hiperkalsifikasyonu

Meydana gelen herhangi bir travma sonucu, dislerdeki
kanlanmanin gegici olarak bozulmasiyla birlikte odontoblastlar
etkilenmekte ve boOylece pulpa odast ile kanal duvarlarinda
diizensiz dentin yapimi olusmaktadir. Bu durumda digler vital
olmalarina ragmen saydamliklart azalmakta ve renkleri sari-
kahverengiye donismektedir (Miller EK, Lee JY, Tawil PZ,
Teixeira FB, & Vann WF., 2012). Tedavide ilk olarak vital
beyazlatma denenmelidir. Eger bu tedavi istenen sonucu vermez
ise, kok kanal tedavisi ve ardindan intrakuronal beyazlatma
yapilir (Bayirli G.,1998).

3.5. Yaslanma

Sekonder dentinin dogal yerlesimi, dislerin 131k yansitma
ozelliklerini etkiler ve bu da yasla birlikte dislerin kademeli olarak
koyulagsmasina neden olur. Vital dis beyazlatma tedavileri
uygulanabilir (Moreno E., 1993).

4. Renklenmis Dislerin Tedavileri

Temel islem renklenmis bolgelerin  oksidasyonudur
(Goldstein RE. & Garber DA., 1995). Oksidasyonun yeterli
olmadig1 veya estetik agidan tatmin edici olmadigi vakalarda
restoratif veya protetik tedaviler uygulanabilir. Basar1 teknigin ve
uygulanacak materyalin se¢imine baglidir. Tedavi yontemleri
oncelikle vital ve devital diglerde uygulanacak yontemler olarak
ikiye ayrilir (Heymann HO., 2002).

5. Tedavide Kullanilan Ajanlar

Kullanilan irtinler genellikle okside edicilerdir (Goldstein
RE, & Garber DA., 1995). Giincel beyazlatma ajanlari aktif ve
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inaktif iceriklere sahiptir. Aktif igerikler; hidrojen peroksit,
karbamid peroksit ve sodyum perborattir. Inaktif igerik ise;
kalinlagtirici ajan, tasiyici, siirfaktan (yiizey aktif madde),
pigment, aroma ve koruyucudan olusur (Turkiye Klinikleri J
Restor Dent-Special Topics, 2017).

Karbamid peroksit, sonunda su ile reaksiyona giren ve aktif
bilesenlerine ayrilan kararli bir yapisal komplekstir ( R.B Price,
M Sedarous, & G.S Hiltz, 2000).

Hidrojen peroksit, giiniimiizde beyazlatma tedavisinde aktif
ajan olarak kullanilmaktadir. Hidrojen peroksitin par¢lanmasi
sonucu ortaya ¢ikan oksijen molekiilleri dislere penetre olarak
pigmente molekiilleri pargalar ve beyazlatma islemi gergeklesir
(Greenwall, L., 2001). Siklikla %30-35’lik konsantrasyonlari
kullanmilmaktadir. Hidrojen peroksit disin gegirgenligini artirir.
Hidrojen peroksit diisiik molekiil agirligi nedeniyle proteinlerin
denature olmasina neden olarak disin yapisindaki iyonlarin
hareketliligini artirir. Beyazlatma da kalan bosluklara hidrojen
peroksitin penetrasyonu ve organik materyalle reaksiyona girmesi
sonucu gergeklesir (Mc Ewoy, 1989).

Sodyum Perborat, su ile birlestiginde hidrojen peroksit, sodium
metaborat ve serbest oksijen aciga ¢ikar. Hidrojen peroksit
beyazlatma islemini baglatacak olan aktif oksijeni salar (Rotstein
L., 1993), (Ar1 H, & Ungér M., 2002).

Kalinlagtiric1 Ajan, %0.5-1.5 konsantrasyondaki karbapol bu
acidan en ¢ok kullanilan maddedir. Molekiiler agirlig: yiiksektir
ve bu poliakrilik asit polimerinin 2 ana avantaji bulunmaktadir.
Bunlardan ilki, beyazlatma ajanimin viskozitesini arttirarak,
yiizeye tutuculugunu artirmak, ikincisi ise aktif oksijen salinimini
4 kata kadar arttirmay1 saglamasidir (Greenwall, L., 2001).

Tasiyic1 olarak ise genellikle gliserin ve propilen glikol
kullanilir. Tasiyicilar, beyazlatma ajanlarinda nemi korumay1 ve
diger maddelerin ¢oziinmesini saglarlar (Haywood VB., 1992).

Yiizey aktif madde ve renk seyrelticiler, beyazlatict
ajanlarmin  etkinliklerini ~ arttirirlar.  Yiizey aktif madde,
beyazlatma ajaninin  yiizeye yayilmasmi saglar. Renk
seyrelticiler, pigmentlerin siispansiyon halinde durmasini saglar.

Koruyucu olarak genellikle sodyum metil ve propilparaben
kullanilir. Kullanim amaglari, beyazlatma ajanlarinda bakterilerin
gelismesini engellemektir (Seker o, & Sar1 H., 2019).

Tatlandiricilar,  beyazlatict  ajanin  tadinin  kabul

edilebilirligini artirir (Haywood VB., 1992).

Anason, taflan, yesil nane, keklik tiziimii, ve sakkarin gibi
maddeler icerebilir (Alqahtani M Q., 2014).

6. Dis Beyazlatma Yontemleri

Gunumiiz kosullarinda, hastalarin kendi konfor alanlarinda
uygulayabildikleri beyazlatici dis macunlari, bantlar ve jellerin
gibi yontemlerin yani sira dis hekimi tarafindan muayenehanede
uygulanabilen beyazlatma ajanlar1 da bulunmaktadir. Beyazlatma
tedavileri vital ve devital olmak tizere iki gruba ayrildiklar1 gibi
klinik ortaminda ve klinik diginda olmak tzere de
siniflandirilabilirler (Heymann HO., 2002).
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6.1 Vital Dislerde Beyazlatma Teknikleri:

Vital beyazlatma teknikleri baz1 durumlarda
uygulanabilirken, bazi vakalarda uygulanmalar1 uygun
olmamaktadir.

Vital Beyazlatma Tedavilerinin Endike Oldugu Vakalar:

Hafif ve orta siddetli tetrasiklin renklenmeleri vakalarinda
(Haywood VB, Leonard RH, & Dickinson GL., 1997), sari
kahverengi lekelenmeler gosteren hafif gsiddette florozis
vakalarinin tedavilerinde (Hayes PA, Full C, & Pinkham J., 1986)
yasliliga bagl olusan renklenme ve sararmalarda, uzun siire ¢ay,
kahve, tiitin kullanimma bagli olusan dis kaynakl
renklenmelerde ve dislerinin dogal renginden memnun olmayan
kisilerde vital beyazlatma tedavileri uygulanabilir.

Vital Dis Beyazlatma Tedavilerinin Kontrendike Oldugu
Vakalar:

Minede catlak, defekt ya da kirik varliginda, asir1 hassas dislerde,
genis pulpa dokusuna sahip kisilerde (6zellikle genglerde), cok
koyu renk bozukluklarinda hamile ve emziren kisilerde, sabirsiz
ve asir1 beklentili kisilerde (Koopere olunamayacak kisilerde)
vital tedavi kontrendikedir.

Baslica 2 teknik vardir:

6.1.1 Mikroabrazyon ve makroabrazyon teknikleri

Yiizeyel ve lokalize renklenmelerin giderilmesinde kullanilan
konservatif yontemlerdir (Roberson MT, Heymann O, & Edward
J (Eds.), 2011). Renklenen bolge fiziksel olarak asindirilir. Cok
derin defekt ve renklenmelerde basarili bir yontem degildir.
Mikroabrazyonda, renklenmenin 0.2-0.3 mm’den daha derin
oldugu ve bu nedenle mikroabrazyonun yetersiz kaldig
durumlarda, disin kompozit materyallerle restore edilmesi
gerekebilmektedir. Renklenmenin oldugu bolgeye
mikroabrazyon pat1 olan hidroklorik asit, sitrik asit, fosforik asit
veya nitrik asit gibi diisiik konsantrasyonlu bir asidin bir polisaj
lastigi yardimi ile diisiik turda hafif basingla uygulanmasiyla
gerceklestirilir  (Croll TP,1991). Sonrasinda, tedavi edilen
bolgeye flor igeren bir cila pati ve topikal floriir uygulamasi
yapilir.

Makroabrazyon ise, digler iizerindeki lokalize ve yiizeyel
renklenmenin giderilmesi icin uygulanabilmektedir. Oncelikle 12
bigakli kompozit bitirme frezleri ya da ince grenli elmas bitirme
frezleri kullamlir. Islem hava su sogutmasi altinda, hafif basingla
ve uygun 1sik ortaminda gergeklestirilmelidir. 30 bigakli bitirme
frezleri ve ekstra ince grenli elmas bitirme frezlerinin
kullaniminin ardindan cila lastikleri ile islem bitirilir (Celik C.,
2017).

6.1.2 Jel teknikleri

Giliniimiizdeki en popiiler ve yaygin kullanima sahip
tekniklerdir. Diisiik ve yiiksek konsantrasyonda beyazlatici
jellerin kullanildig: bu tekniklerde kullanilan iiriinler aktif madde
olarak genellikle karbamid peroksit ya da hidrojen peroksit
icermektedirler. Jel teknikleri kullanilan iirlinlerin
konsantrasyonuna bagl olarak dis hekimi kontroliinde evde veya
dis hekimi tarafindan klinikte uygulanabilirler.
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Sekil 1. Hidrojen peroksit ile yapilan beyazlatma isleminin
mekanizmasi
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6.1.2.1 Dis Hekimi Kontroliinde Evde Yapilan Beyazlatma
Islemi

Karbamit peroksidin %10°’luk konsantrasyonunun veya daha
diisiik konsantrasyonda hidrojen peroksit jellerinin kullanimi,
“gece koruyuculu vital beyazlatma” olarak da bilinen vital
beyazlatmanin standart teknik haline gelmesine neden olmustur
(de la Pena VA, & Cabrita OB.,2006), (Faraoni-Romano JJ,
Turssi CP, & Serra MC.,2007). Hastanin alt ve iist ¢enesinden
alman ol¢iiler dogrultusunda ¢esitli kalinliklarda olabilmek {izere
seffaf plaklar olusturulmaktadir. Hekimin belirledigi miktarda
beyazlatma jelini plagin vestibiiliine yerlestirerek, hastanin
beyazlatma plagim1 evde kullanmasina izin verilir (Sulieman M.
,2006). En az 7-14 giin kullanim siiresi vardir. Bu yontemde
beyazlatma islemi daha yavas oldugundan geri doniisiimii de daha
uzun zaman alir ve bu durum muayenehanede yapilan beyazlatma
islemine gore bir avantaj sayilabilir (Perdigao J, Baratieri LN, &
Arcari GM., 2004).
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Tablo 1. Dis hekimi kontroliinde evde yapilan beyazlatma iglem

Hastadan olgiilerin alinmasi

Seffaf plaklarin iiretimi

Beyazlatici ajanin plak igine yerlestirilmesi

2
P

Plaklarin agiz icine yerlestirilmesi

6.1.2.2 Dis _Hekimi Tarafindan Klinikte Uygulanan
Beyazlatma Islemi

“Chairside Bleaching” ofis tipi beyazlatmanin bir diger
tanimdir. Dis hekimi tarafindan klinikte uygulanan beyazlatma
isleminde yiiksek konsantrayonda oksijen salabilen materyaller
kullanilmaktadir. Siklikla %30-35°1ik konsantrasonlarda hidrojen
peroksit kullanilmaktadir (Heymann HO., 2002).

Beyazlatmaya baslanmadan 6nce renk secimi yapilip kayit
altina alinir. Dis ylizeyindeki plak flor igermeyen bir patla
temizlendikten sonra dudak, yanaklar, dil ve digetlerinin
ekartasyonu saglanmalidir. Her bir dis ylizeyini tamamen
kaplayacak sekilde beyazlatici jel uygulanarak yayilmali ve
ardindan jelin iiretici firma talimatlar1 dogrultusunda kimyasal
olarak veya 151k aktivasyonu saglanmalidir (Celik C., 2017).

Genellikle 45 dakikalik siirede yapilan tedavi sonrasi
beyazlatma ajani, bol su ile yikanarak uzaklastirtlir. Tedavinin
ardindan beyazlik derecesi kontrol edilerek seans siiresi ve sayisi
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degerlendirilebilmektedir Atali P, Tar¢in B, Dokumacigil G, &
Korkut B., 2020a).
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Tablo 2. Dis hekimi tarafindan klinikte uygulanan beyazlatma iglemi

Beyazlatma Tedavisi Oncesi

Hastadan agiz i¢i fotograflar alinmasi

Is1k uygulanmasi

Beyazlatma Tedavisi Sonrast

Jelin temizlenmesi, beyazlik kontrolii ve seans sayisinin degerlendirilmesi

6.1.3 Hasta Tarafindan Satin Alinarak Kullanilan Giincel
Sistemler

Diger adi ile Over-the counter-products giiniimiizde oldukg¢a
popiiler sistemlerdir ve dis hekiminin danigmanlig1 ve kontrolii
olmaksizin hastanin market ve eczanelerden temin edebilecegi
iiriinler ile yapilan beyazlatma teknikleridir. Dige yapisan bantlar,
firga ile uygulanan “paint-on” {iriinler, hidrojen peroksit ya da
karbamid peroksit igerikli dis macunlar1 ve beyazlatici gargaralar
en ¢ok kullanilan iirtinlerdir (Joiner A. Tooth colour: a review of
the literature.,2004), (Gerlach RW, & Zhou X., (2001).

Dis beyazlatici stripler, farkli yiizdelerde (%5.3, %6.5, %14)
hidrojen peroksit emdirilmis yapiskanlar olup o6n dislere
yerlestirilmesi ile beyazlatici etkilerini gostermektedir. Uygulama
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stireleri 5 ila 60 dakika arasinda ve giinde 1 yada 2 kezdir (RW.,
2007). iki haftalik kullammlarindan sonra basarili sonuglar
alindigi klinik caligmalarda bildirilmistir. Gece plag ile
uygulanan ev tipi beyazlatma sistemlerine kiyasla kullanim1 daha
kolay ve kisadir fakat ¢aprasik ve malpoze dislerde uygulanmalari
zordur (Atali P, Tar¢in B, Dokumacigil G, & Korkut B., 2020b).

Hizli kozmetik ¢6ziimlerin aranmast talebiyle birlikte “Teeth
Whitening Gum” (Robell Research, NY, America) adi altinda
cigletler gelistirilmistir. Bir ¢ok markanin {iretimine dahil ettigi
cigletlerin icerigindeki Calprox (hidrojen peroksit veya kalsiyum
peroksit) beyazlatma vaadi yani sira, disteki lekeleri temizlemesi
gibi kosullar1 yerine getirdigi, ayrica yeni gelistirilen cigletlerde
veneerler ve kompozit dolgulu dislerde dahi etkili oldugu iddia
edilmektedir (https://www.supersmile.com/products/freshen-
breath-teeth-whitening-gum-stain-removal-on-the-go, 2021).
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Paint-on triinler dislerin vestibiil yiizeyine bir firga ile
uygulanan ve yavas bir seklide peroksit salinimi yapacak seklide
hazirlanmiglardir. Dislerin firgalanmasiyla birlikte dig ylizeyinden
temizlenebilirler. Hidrojen peroksit sodyum perkarbonat ya da
karbamid peroksit gibi beyazlatma ajanlarindan birini i¢erebilirler
(Evaluation of Tooth-color Change Using Four Paint-on Tooth
Whiteners. Oper Dent, 2007).

Mavi LED 151k teknolojisinin evlere tasinmasiyla birlikte
Optic White, Advanced LED Whitening (Colgate- Palmolive
Company, England, US) gibi kitler gelistirilmistir. Ornegin;
Kirmiz1 sarap, ¢ay, kahveden kaynaklanan zorlu lekelere kars
daha yiiksek etkinlik i¢in tasarlanmiglardir. Bu teknoloji ile %9
konsantrasyonda hidrojen peroksit ajaninin LED 1sik-plak
aparatina yerlestirilerek 10 dakika ve 10 giinlik kullanim ile 6
tona kadar beyazlatma vaat edilmektedir.

Beyazlatict  Ozellikteki  gargaralar, iceriginde diisiik
konsantrasyonda hidrojen peroksit (%2) ve dislerin yeniden
renklenmesini Onlemek icin de sodyum hekzametafosfat
barindirir. Bu ajanlarin uzun siire kullanimi kontrendike olup agiz
mukozasinda  irritasyon ve dis  hassasiyetine  neden
olabilmektedirler.

Beyazlatma tedavisi sirasinda ve sonrasinda beyazlig
korumak i¢in agidirici igermeyen ve renklenmeyi engelleyici dis
macunlari onerilir.

6.2 Devital Dislerin Tedavisi

Devital Beyazlatma Tedavilerinin Endike Oldugu Vakalar:

Pulpa nekrozu, intrapulpal hemoraji ve endodontik tedavi
sonrasi pulpa dokusu artiklari ile koronal boslukta pat kalintilart
sonucu renklenen endodontik tedavili dislerdir (Atreya, S., &
Patel, B., 2016). Devital beyazlatmanin en dnemli yan etikisi ve
dezavantaji servikal kok rezorpsiyonudur [34]. Servikal kok
rezorbsiyonuna sik sik sebebiyet veren faktorlerse yiiksek
konsantrayonda beyazlatma ajani uygulanmasi, disin travma
Oykiisii ve beyazlatmanin ajaninin termokatalitik yontemlerle
uygulanmasidir. Walking bleachingde 0Oncelikle kok kanal
tedavisi Dbitirilmeli ve servikal olarak bir Ortiicii ajan
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uygulanmalidir. Beyazlatici ajan disin igine birakilir, boylece bir
sonraki  ziyarete  kadar  beyazlatma  olarak  islevini
gergeklestirebilir. Agartici ajan 3-4 ziyarete kadar 3-7 giinde bir
degistirilmelidir (Heithersay GS., 2004), (Hiethersay GS,
Dahlstrom SW, & Marin PD., 1994), (Plotino G, Buono L,
Grande N, Pameijer C, & Francesco S., 2008). Walking bleaching
teknigi az zaman gerektirmesi, hekim ve hasta agisindan daha
rahat bir tedavi segenegi sunmasi gibi avantajlarindan Otiirii
siklikla tercih edilen bir yontemdir (Zimmerli B, Jeger F, & Lussi
A.,2010). Servikal kdk rezorpsiyonu dahil, olasi komplikasyonlar
hakkinda hasta bilgilendirilmelidir. Beyazlatma iglemine
baglamadan once, kok kanal dolgusunun mevcut kalitesini ve
periapikal dokularin  durumunu degerlendirmek i¢in  bir
preoperatif radyografi ¢ekilmelidir. Siipheli durumlarda kok
kanal tedavisi yapilmali ve intrakoronal beyazlatmaya
baslamadan en az bir hafta 6nce dolgu materyalinin sertlesmesine
izin verilmelidir. Kok kanal dolgusu, mine-sement birlesiminin 1-
2 mm altina indirilmelidir. Agartma maddelerinin pulpa
odasindan apikal foramenlere yayilmasini 6nlemek i¢in kok kanal
dolgusu en az 2 mm'lik bir materyal (¢inko fosfat, cam iyonomer,
polikarboksilat siman veya mineral trioksit aggregate (MTA)) ile
kapatilmalidir (de Oliveira LD, Carvalho CA, Hilgert E, Bon-
dioli IR, de Araujo MA, & Valera MC., 2003). Pulpa odasina, 30-
60 saniye boyunca %37’lik fosforik asit uygulanir, yikanir ve
kurutulur boylece beyazlatma materyalinin penetrasyonu igin
dentin tiibiillerinin a¢ilmasina izin verilir. Hasta haftalik olarak
muayene edilir ve islem dis beyazlayana kadar tekrarlanir.
Genellikle tatmin edici beyazlatma tedavisi 1-3 seansta elde edilir
(Camps J, de Franceschi H, Idir F, & Roland C., 2007).

Beyazlatma tamamlandiktan sonra, bosluk asitle agindirma
teknigi kullanilarak yapilan recine kompoziti ile restore
edilmelidir. Kompozit dolgu i¢cin en uygun siire genellikle
beyazlatmanin tamamlanmasim takip eden 3 haftadir [80].
Herhangi bir bakteri penetrasyonunu onlemek ve servikal kok
rezorpsiyonu riskini en aza indirmek igin bu siire zarfinda
kalsiyum hidroksit ile pansuman onerilir (Gimlin DR, &
Schindler WG., 1990).

Termokalalitik yontem daha az tercih edilmekle birlikte bu
yonteme c¢ok benzemekte ve dise yerlestirilen beyazlatma
materyali 1s1 ile aktive edilmektedir.
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Tablo 3. Wakling bleaching uygulama basamaklari

Kanal tedavisi uygulanmasi/ kontrolii

Kok kanal dolgusunun mine-sement birlesimi altina indirilmesi

Beyazlatma ajani uygulanmasi

Kalsiyum hidroksit ile pansuman yapilmasi

Kompozit dolgu ile bitirilmesi

Beyazlatma Oncesi

Beyazlatma Sonrasi
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7. Beyazlatma  Tedavisinde  Giincel

Gelismeler

Hastalar genellikle dis beyazlatma tedavisinden sonra diger
estetik ve ortodontik tedaviler i¢in de motive olurlar. Ancak,
beyazlatma tedavisi uygulanmis dislerde adeziv restorasyonlarin
veya regine braketlerin baglanma kuvvetleri diisiiktir (Garcia-
Godoy F, Dodge WW, & Donohue M., 1993), (Toko T, &
Hisamitsu H., 1993). Baglant1 kuvvetindeki bu diisiisii 6nlemek
icin farkli yontemler denense de;siklikla kullanilan garanti metod,
beyazlatma sonrasi adeziv sistem igeren restorasyonlarin
ertelenmesidir (da Silva Machado Jéfferson ve ark., (2007).

Beyazlatma sonrast kompozit recinelerin  baglanma
kuvvetinde olusan diisiisiin antioksidan kullanimi ile tersine
cevrilebilecegini Lai ve arkadaslar1 agiklamiglardir (Lai SCN ve
ark.,2002), (Hansen JR, Frick KJ, Walker MP, Demarco FF,
Turbi- no ML, Jorge AG, et al. ,2014).

Askorbik asit, ortlama pH:4 iken sodyum askorbat pH:7’dir.
Bu nedenle sodyum askorbat askorbik aside kiyasla dis i¢in daha
uygun bir ajandir (Lai SCN ve ark.,2002), (Hansen JR, Frick KIJ,
Walker MP, Demarco FF, Turbi- no ML, Jorge AG, et al. ,2014),
(Vohra FA, & Kasah K., 2014). Yapilan invitro bir aragtirmada, 2
gr’lik 35% hidrojen peroksid jelini indirgemek i¢in, 20 mL’lik
25% sodyum askorbat soliisyonu Onerilmistir. Ek olarak
antioksidan etkinin goriilmesi i¢in 5 dk’lik uygulamanimn yeterli
oldugu gosterilmistir (Freire A ve ark., 2009).

Sicanlarda yapilan bir ¢alismada ozon, dislerde tetrasiklin
renklenmesini beyazlatmak amaciyla kullanilmis ve basarili
olmustur (Tessier J, Rodriguez PN, Lifshitz F, Friedman SM, &
La- nata EJ., 2010).

Hidrojen peroksidin ozon ile kombine halinde kullanimi,
hidrojen peroksidin diste tek basina kullanimina kiyasla diste
daha agik renk olusturdugu da gézlenmistir (Al-Omiri MK, Abul
Hassan RS, AlZarea BK, & Lynch E.,2016).

Lee ve arkadaslari, soguk atmosferik basingta plazma

uygulamasinin  dis  beyazlatmasinda  kullanilabilecegini
bildirmiglerdir (Lee HW ve ark., 2009).
Mevcut  beyazlatma  yontemleri, peroksitlerin  mine

prizmalarmin basit difiizyonuna dayanir, bu nedenle peroksitlerle
yeterli temas siiresi gerektirir. Ofiste yapilan tedaviler genellikle
kimyasal veya 1sik aktivasyonu ile olur, bu da siklikla dis
hassasiyeti ve olast yumusak doku hasari ile sonuglanir.
ChenhuiPeng ve arkadaglari tedavi siiresini azaltirken etkinligi
arttirma niyetiyle, elektrokinetik tarafindan yonlendirilen nano
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akimlar yoluyla hidrojen peroksiti mine nanoporlarindan
derinlere tagimak i¢in bir yontem uygulamislardir ve boylece aym
konsantrasyondaki hidrojen peroksit i¢in ¢aligma siiresinin 10 kat
kisaltilabilecegi gosterilmistir (Peng C. Ve ark, 2019).

Ofis tipi beyazlatmada, tatmin edici bir sonug i¢in genellikle
iki veya lic seans gerekmektedir. Hekimler genellikle rengin
oturmast ve biiyiik bir hasssiyete sebebiyet vermemek igin 1
haftalik araliklarla beyazlatma seanslarini
gerceklestirmektedirler. Bu konuda yapilmis giincel bir
aragtirmaya gore seanslar arasi 2 giinlik bekleme siiresinin 7
giinliilk bekleme siiresinden dis hassasiyeti ve beyazlatma
etkinligi agisindan bir fark olmadig1 gosterilmistir de (Paula EA,
Nava JA, Rosso C, Benazzi CM, Fer- nandes KT, Kossatz S, & et
al., 2015).

Son zamanlarda popiilaritesi artis gosteren Antivet® Kit
(MDC, Silver Spring, U.S), tiitiin iriinleri tiikketimi, renkli soda,
sarap ve kahve gibi dis kaynakli nedenlerle olusan lekeleri ve
florozis etkenli renklenmeleri yok etmek i¢in iiretilmistir. Mineye
zarar vermeden, hassasiyete neden olmadan, tek seans uygulama
ile lekeleri ¢ikarmaktadir (https:/www.dentiss.com/antivet-dis-
lekesi-temizleme-kiti-y2804.html, 2021). Kit, ayrica, florozdan
etkilenen diglerde daha iyi braket yapigmasini saglamak igin
ortodonti islemi dncesi bir tedavi olarak onerilmektedir. igerigi
asidik ve bazik olmak iizere iki kisimdan olusmaktadir. Asidik
temelli soliisyon (Antivet), ¢oziinebilir tuzlari tretmek iizere
kontrollii pH degerine sahip (<3) trikarboksilik asit ile stabilize
edilmis %21 konsantrasyonda hidroflorik asitten olusmaktadir.
Bazik soliisyon (ndtralizer) ise, pH>12 olan kalsiyum hidroksitten
olusur. Disleri izole etmek i¢in ilk 6nce bir dig bariyeri (lastik
ortii) uygulanir. Daha sonra dis ylizeyine bir firca veya pamuk
rulo ile kit icinde bulunan diisiik pH'l1 mine temizleme soliisyonu
uygulanarak tedaviye baslanir ve soliisyon, leke ¢ikarilincaya
kadar dis lizerine yavasca siiriiliir (bir pamuk rulo ile 1’er dakika
araliklarla 2 veya 3 kez uygulama). Diisiik pH soliisyonu, floriir
iyonlarini florozisli bolgeden ayirmaya yardimci olur. Mine
temizleme soliisyonu ile islemden sonra, yine kitin i¢inde bulunan
notralize edici ¢ozelti (likit kalsiyum hidroksit) 2 dakika boyunca
uygulanir (https://www.dentiss.com/antivet-dis-lekesi-
temizleme-kiti-y2804.html, 2021).

Diger yandan, mikro-invaziv teknoloji olarak da
tanimlanmakta olan regine infiltrasyon sistemi Icon® (DMG,
Hamburg, Germany), saglikli dis yapisindan madde kayb1
olmaksizin, az miktarda asindirma yaparak mikroporozitelerin
recin ile tikanmasini sayesinde mine dayanikliligini artirmaktadir.
Reg¢ine infiltrant sistemi, baslangi¢ c¢liriikk lezyonlariin tedavisi
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icin mikroabrazyon ve diger restoratif tedavilerin uygulanmasina
bir alternatif olarak uygulanmaktadir (Weisrock G, Terrer E,
Couderc G, Koubi S, Levallois B, Manton D, & Tassery H.,
2011).

Fakat ¢iiriik lezyonlarimin tedavisinin yani sira geligimsel
mine defektlerinde re¢ine infiltrant uygulamalarinin, hafif ve orta
siddetli florozis olgularinda renk maskeleme etkisi basarili
bulunmus ve minimal invaziv tedavi uygulamalarinda alternatif
tedavi secenegi olarak uygulanabilecegi belirtilmistir (Gugnani
N, Pandit IK, Gupta M, &Josan R., 2012).

Dis hekiminin, regine infiltrasyon sistemleri ile renk
maskeleme ve renklenmenin uzaklastirilmasi igleminin, lezyonun
yapis1 ve derinligi ile iliskili olarak basar1 ya da basarisizliklarla
sonuglanabilecegi bilgisini hasta ile paylagsmasi, hasta beklentisi
agisindan biiyiik 6nem tagimaktadir.

Vijayapriyangha Senthilkumar ve arkadaglarinin giincel
olarak yaptig1 bir c¢aligmaya gore, karbamid peroksitin dis
beyazlatma etkisi, aktif komiir ve ¢ilek piiresi iceren ajanlarda
daha fazladir. Komiir ve ¢ilek piiresi gibi dogal tirlinlerin de dis
beyazlatmayr  destekledigi  sonucuna  varilmistir.  Dis
beyazlatmanin etkinligini zararli etkiler olmadan daha da
artirabilecek bu dogal iiriinlere birkag elementin dahil edilmesiyle
daha ileri ¢aligmalar yapilmalidir (Vijayapriyangha Senthilkumar,
& Sindhu Ramesh., 2021).

En yeni gelisme olarak Ftalimidoperoksikaproik Asit (PAP),
Hidroksiapatit (Nano) ve Potasyum Sitrataktif bilesenleri iceren
beyazlatict formiilasyon tamitilmistir. (hismile, UK) PAP
formiilasyonu, dis agartmasindan tipik olarak beklenen yan
etkileri hafifleten bir beyazlatma tedavisi sunar. Aktif bilesen
PAP ile bu yontem digin mineral veya protein yapisindan 6diin
vermeden hizlandirilmig beyazlatma sonuglari iiretmektedir. PAP
oral yumusak dokular1 tahris etmez, bu da yumusak dokulari
korumak igin diseti bariyerine gerek olmadigi anlamina
gelmektedir. (https:// birmingham.dentistryshow.co.uk, 2022).

Beyazlatict ajana Nano-hidroksiapatit ve potasyum sitratin
dahil edilmesi, beyazlatma islemi sirasinda mine yapisinin
saglamlastirllmast ve Onceden var olan dis hassasiyetinin
azaltilmasi gibi bazi ek faydalar saglamaktadir. Tedavi Oncesi
hassasiyeti olan hastalar beyazlatma tedavisine baslamadan once
tedavi edilmelidir. Desensitize dis macunu (potasyum nitrat
icerikli) ve flortir jelleri, tedaviden 6nce veya tedavi sirasinda 2-3
hafta kullanilabilir (Ozduman ZC, & Celik C. ,2017). Notr ve
renksiz sodyum florir jeli, 10 ila 30 dakika boyunca beyazlatma
tedavisinden once veya sonra bir gece boyunca onerilebilir.
Ayrica, %3 ila %5 potasyum nitrat ve floriir iceren jeller
kullanilabilir. Asir1 hassasiyet durumunda beyazlatma tedavisinin
uygulama siklig1 veya siiresi azaltilabilir ve gerekirse tedavi
kesilebilir (Majeed A, Farooq I, Grobler SR, & Rossouw RIJ.,
2015).

8. Sonuclar

Renklenmenin etyolojisinin tam olarak anlagiimasi ve dogru
yontemler kullanilmasi ile ilgili olarak hekimin bilgi ve deneyimi
¢ok oOnemlidir. Renklenme tedavilerinin vakaya gore basari
oranmin degisebilecegi ger¢egi her zaman goz Oniinde
bulundurulmali ve hastaya aktarilmalidir. Renklenmenin
konservatif yontemlerle ¢oziillemedigi durumlarda mutlaka
protetik tedaviler diigtiniilmelidir.
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Oz

Beynimiz, kafatasi i¢inde bulunan ve merkezi sinir sisteminin en karmasik orgamidir. En karmasik organimiz olan beynimiz
viicudumuzun tiim fonksiyonlarini kontrol eder. Beyin tiimérleri, beyindeki hiicrelerin kontrolsiiz bir sekilde biiyiimesiyle ortaya ¢ikar.
Beyin tiimorlerini erken teshis etmek genellikle daha fazla tedavi imkani saglar. Beyin timdrlerinin teshisinde en ¢ok manyetik rezonans
goriintiilemeden yararlanilir. Bu c¢alismada, Otsu ve Rocchio metotlar1 kullanilarak boliitleme sistemleri gelistirildi. Beyin MR
gOriintiisiinii girdi olarak alan, kafatas1 ayirma, on-isleme, segmentasyon ve art-isleme iglemlerini gerceklestiren sistemler tasarlandi ve
uygulandi. On-islemeden 6nce, kafatas1 bolgesi beyin MR gbriintii veri setindeki goriintiilerden ¢ikarilir. On-islemede gesitli filtreleme
ve morfolojik tekniklerle beyin goriintiilerinin kalitesi artirilir ve goriintiilerin giiriiltiisii ortadan kaldirilir. Boliitlemede ise Otsu metodu
ile esik degerlerinin belirlenmesi ile beyindeki timdrlii bolge tespit edilir. Art-iglemede, beyin tiimdrii veri setinin egitim veri seti
kullanilarak Rocchio siniflandirici metodu egitilir ve belirlenen tiimérli bolgelerin en uygun olant bulunur. Béylece en dogru tiimorlii
bolge tespit edilerek optimize edilmis olur. Test safhasinda, sistemlerin basarilarini degerlendirmek amaciyla dogruluk, kesinlik ve
secicilik metrikleriyle sistemlerin bagarilari kargilastirilmistir. Art-isleme sonucunda basarinin 6nemli 6lgiide arttigi gorilmiistiir.

Anahtar Kelimeler: Beyin Tiimorii Boliitleme, Tibbi Goriintiileme, Beyin MR Goriintiisii, Otsu Metodu, Rocchio Metodu.

Brain Tumour Detection with Otsu and Rocchio Methods

Abstract

Our brain is the most complicated organ of the central nervous system, located inside the skull. Our most complex organ, our brain,
controls all the functions of our body. Brain tumours occur when cells in the brain grow uncontrollably. Detecting brain tumours early
usually provides more treatment opportunities. Magnetic resonance imaging is mostly used in the diagnosis of brain tumours. In this
study, segmentation systems were developed using Otsu and Rocchio methods. Systems that take brain MR images as input and perform
skull separation, pre-processing, segmentation and post-processing have been designed and implemented. Before pre-processing, the
skull region is extracted from the images in the brain MR image dataset. In pre-processing, the quality of brain images is improved and
the noise of the images is eliminated by various filtering and morphological techniques. In segmentation, the tumour region in the brain
is determined by detecting the threshold values with the Otsu method. In post-processing, the Rocchio classifier method is trained using
the training dataset of the brain tumour dataset and the most suitable one of the determined tumour regions is found. Thus, the most
accurate tumour region is detected and optimized. In the test phase, the success of the systems was compared with the accuracy, precision
and selectivity metrics to evaluate the success of the systems. As a result of post-processing, it was observed that success of the system
is increased significantly.

Keywords: Brain Tumor Segmentation, Medical Imaging, Brain MRI Image, Otsu Method, Rocchio Method.
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1. Giris

Beyin tiimorleri, beyin hiicrelerinin biiyiimesi, viicut
tarafindan kontrol edilemeyen, asir1 bilyliyen hiicrelerden olusur.
Beyin tiimorlerindeki hiicre artisi kontrol disidir. Genel olarak,
timorler iyi huylu veya koti huylu tiimorler seklinde
smiflandirilir. Beyin hiicreleri kafatasi i¢inde bulunur. Kafatasi
ise, hareketli eklemleri olmayan bir kemik yapisidir. Bu sebeple,
kafatas1 genisleyemez ve beyin tiimori, beyin icinde olustuktan
sonra genisleyerek beyin hiicrelerine baski yapar.

Beyin tiimorleri ilk olarak beyin i¢inde olugmugsa bu tip
beyin timdrlerine birincil beyin tiimorleri adi verilir. Fakat,
kanser hiicreleri viicudun diger bolgelerinde meydana gelip beyne
de yayilmissa bu tip tiimorler, ikincil veya metastatik tiimor olarak
isimlendirilir. Beyin tiimdrleri beyinde farkli hizlarda yayilabilir.
Biiylime hizi, beyin tiimoriiniin konumuna baglidir. Tiimoriin yeri
de insan sinir sistemine zarar vermesi bakimindan ¢ok 6nemlidir.
Ayni1 zamanda, tiimoriin tedavisi, timoriin biyikligine,
bulundugu yere ve tipine baglidir. Beyin tiimérlerinin teshisi,
hastanin rahatsizliklar1 ve sikayetleri ile baglar. Devaminda
doktorlar hastalarin reflekslerinin, gii¢lerinin, duyularimin,
dengelerinin ve sinirlerinin ne kadar iyi oldugunu arastirirlar.
Doktorlar, tiimér oldugundan siiphelenirlerse beyin tiimorlerini
tespit etmek i¢in MR ¢ektirmek gibi farkli tetkikler yaparlar.

Bir beyin tlimoriiniin kesin teshisi genellikle manyetik
rezonans goriintiileme ile baglar. Beyindeki tiimor belirlendikten
sonra yaygin olarak yapilan islem, biyopsi veya ameliyatla beyin
tiimorliniin tipine karar vermektir. Yani, beyin tiimoriiniin bir
pargasi alinip ve uzmanlar tarafindan incelenerek ne tip timor
oldugu belirlenir.

Beyin tiimorleri farkli  goriintiileme yontemleri ile
goriintiilenmektedir. Baglica goriintiileme yontemleri CBT
(Bilgisayarl1 Beyin Tomografisi), MRI (Manyetik Rezonans
Goriintiileme), PET Taramasi (Pozitron Emisyon Tomografisi) ve
SPECT'tir (Tek Foton Emisyon Bilgisayarli Tomografi).

Medikal goriintii islemede, beyin tiimoriiniin boliitlenmesi,
yani beyin MR goriintiisiindeki tiimorlerin boliitlere ayrilmasi,
yerlerinin belirlemesi hem doktorlara hem de hastalara ¢ok biiyiik
fayda saglayacaktir. Cok daha kisa zamanda ve dogru taninin
konulmasina sebep olacaktir.

Beyin timorii  tespitinde ve  bolitlemesinde  farkli
siniflandirma ve boliitleme metotlar1 kullanan ¢alismalar
yapilmistir. Bu ¢aligmalarin bazilarinda Otsu metodu (AlAzawee,
1995; Karaddi, v.d., 2018; Asliyan ve Atbakan, 2020), K-
ortalamalar (Batista ve Kitney, 1995; Wu, M, v.d., 2007; Juang ve
Wu, 2010), destek vektor makineleri (Zhang v.d., 2004; Ayachi
ve Amor, 2009), kendi kendini diizenleyen haritalar (SOM)
(Dharshini ve Hemanandhini, 2016; Saraswathi v.d., 2019), yapay
sinir ag1 bulanik ¢ikarim sistemi (ANFIS) (Sharma ve Mukharjee,
2013; Kathirvel ve Batri, 2017), evrigimli sinir aglar1 (Pereira
v.d., 2016), bulanik C-ortalamalar (Prakash ve Kumari, 2016), ve
genetik algoritmalar (Ali v.d., 2013) kullanilmgtir.

Beyin tiimorii boliitlemenin genel yapisinda, beyin timorii
MR goriintiileri, boliitleme sistemine girdi olarak alimmaktadir.
[k olarak, kafatasi ayirma safhasinda kafatasi tespit edilerek
goriintiideki kafatasi ¢ikarilir. Daha sonra 6n-isleme safhasinda,
beynin goriintiide kalan kismina Gaussian ve Wiener filtreleri gibi
bazi giiriiltii azaltma filtreleme yontemleri uygulanmaktadir.
Devaminda, Otsu yontemi ile bdliitleme islemi yapilir. En son
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olarak art-isleme safhasinda bdliitlenerek elde edilen beyin
tiimorii goriintiisii iyilestirilerek boliitleme basarist artirtlmigtir.
Art-isleme safhasinda Rocchio metodu kullanildi. Bu metot ile
egitim veri setindeki tiimorli bolgelerin Ozelliklerine gore
Rocchio metodu ile egitilir ve bir model olusturulur. Test veri
setindeki goriintiilerle sistemin basarisi test edilir. Art-isleme
islemi sistemin basarisini artirdigi goriilmiistiir.

Bu calismada ii¢ farkli sistem gelistirildi. ilki Kafatasi
ayrilmadan yapilan béliitleme islemidir. Ikincisi, kafatasimin
ayrildiktan sonra yapilan boliitleme islemi ve tiglinciisii ise hem
kafatast ayrilmig ve sonrasinda art-isleme uygulanmis sistemdir.
Bu gelistirilen sistemlerin en basarilis1 kafatasi ayrilmis ve art-
isleme uygulanmis sistemdir. Bu sistemlerin uygulanmasiyla
basar1 oranlari olarak %96 dogruluk, %95 kesinlik ve %95
secicilik sonuglar1 elde edilmistir. Diger segmentasyon
yontemlerinden daha basarili oldugu goriilmiistiir.

Bu caligmanin diger boliimleri asagidaki gibi planlanmustir.
Ikinci béliimde, Otsu yontemi ve Rocchio metotlarinin nasil
calistign aciklanmustir. Ugiincii béliimde, veri seti ve sistemin
basarisin1 dlgen metrikler hakkinda bilgiler verilmistir. Ayni
zamanda sistemin test sonuglar1 sunulmus ve yontemlerin basarisi
degerlendirilmistir. Calismanin ana noktalart sonug boélimiinde
Ozetlenmistir.

2. Materyal ve Metot

Bu ¢alismada beyin MR goériintiilerinin bdliitlenmesi igin
Otsu yontemi kullanildi. Boliitleme isleminden sonra daha
basarili boliitlemeye ulagmak i¢in Rocchio siniflandirict metodu
ile art igleme yapilmigtir. Bu boliimde, Rocchio ve Otsu
yontemleri agiklanmustir.

2.1. Rocchio Siniflandirma Metodu

Rocchio (Hastie v.d., 2001; Park v.d., 2003) ya da diger adiyla
en yakin merkez siniflandirma metodu basit ve hizli bir
smiflandirma yontemidir. Bu metot, yeni bir 6rnegin hangi sinifa
ait oldugunu bulmak igin siniflarin merkezlerini sinif olarak kabul
ederek merkezlere olan uzakliklar hesaplar ve verilen bir 6rnek
vektoriinii, en yakin uzakliga sahip olan sinif olarak siniflandirir.

Denklem 1°de os;, S; sifinin aritmetik ortalamasim ifade

eden merkez vektordiir. |Sj|, bu sinifin 6rnek sayisidir. X;’ler ise
egitim veri setindeki S; smmfinin drnekleridir. Bu &rnekler ne
kadar nitelige sahipse o kadar elemana sahip vektorlerdir.

05, = (Zxies; Xi) /15| (1)

Denklem 1°deki gibi diger siniflar1 da temsil edecek diger
prototip vektorler de elde edilir. Sniflandirma gergeklestirirken
hangi simifta ait oldugu bilinmeyen bir 6rnek x vektoriin sinifini
belirlemek i¢in Denklem 2 kullanilir.

S(x) = argmin d(x, os,) )

Sj
a(x, osj), X Ve Og vektorleri arasindaki uzakligi temsil
etmektedir.
Rocchio smiflandirict, bu galigmada art-isleme agamasinda
kullanilmustir. Egitim veri setindeki drnekler ii¢ 6znitelikten yani
timor bolgesinin alani, ¢cembersellik ve eksantrik durumunu

belirten degerlerden olusan vektorler ile temsil edilir. Bu
orneklerin merkez vektorleri hesaplanir.
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K-en yakin komsudan farkli olarak sinifi belli olmayan bir
ornegi siniflandirmak igin sadece her sinifin merkez vektorleriyle
uzakliklarint hesaplamak ve en yakin yani en ¢ok benzeyen sinifi
bulmak yeterlidir. Fakat, K-en yakin komsu metodunda sinifin her
ornegiyle uzakliklarin hesaplanmasi ve en kiiciik uzakligin
bulunmasi1 gerekir. Bu da calisma zamani karmagikligini
artiracaktir. Rocchio metodunda g¢alisma zaman karmasikligi
dogrusaldir yani O(n)’dir.

Uzakliklarin  hesaplanmasinda farkli uzaklik 6lgiileri
kullamlabilir. Bu ¢alismada Oklid uzaklik &lgiisii tercih edilmistir.
Denklem 3’te x ve y 6rnek vektdrlerinin Oklit uzakligina gore
nasil hesaplandigini gostermektedir. Burda 6zniteliklerin sayis1 &
ile belirtilmektedir.

dx,y) = [T, (x —y)? 3

2.2. Otsu Metodu

Otsu metodu (AlAzawee, 1995; Karaddi, v.d., 2018; Asliyan
ve Atbakan, 2020), bilgisayarla gorii, goriintii analizi ve islemede
siklikla kullanilan adaptif bir esikleme yontemidir. Genellikle,
girdi olarak alman gri-tonlamali goriintiiler, esik degerler
belirlenerek boliitleme yapilir ya da siyah-beyaz goriintiilere
doniistiiriilir.  Yani, Otsu metodu, buradaki uygun esik
degerlerinin elde edilmesinde kullanilir. Bu esik degerleri farkli
smiflardaki goriintii piksellerin aywrt edilmesinde belirleyici
olmaktadir. Uygun esik degerleri, smif i¢i piksel degerlerin
varyansini en aza indirerek ve siniflar arasi piksel degerlerinin en
¢ok artirarak belirlenmektedir.

Sinif i¢i varyansi en aza indirmek i¢in, iki sinif i¢in agirlikli
bir varyans toplami tanimlanur.

Siniflar arasi varyans, Denklem 4'te gosterildigi gibi
hesaplanir ve optimal esik degerini bulmak i¢in maksimize edilir.

2 () = wy, ()W (8) [y (8) — 1 (©)]° 4)

Denklem 5 ve 6’da nasil hesaplandigi gosterilen w, ve we
agirliklari, t esik degeri ile ikiye bdliinen goriintiiniin sirastyla 6n
ve arka plan kisimlarinin olasiliklarini ifade etmektedir.

Bu olasilik degerleri, goriintiiniin histogrami bulunduktan
sonra hesaplatilir. Goriintii histogrami, goriintiideki biitiin piksel
degerlerinin toplam sayilarini yani piksel yogunlugunu gosteren
grafik olarak ifade edilebilir. Denklem 7 ve 8’de gosterildigi gibi
ug(t) ve uy (t), goriintiilerin sirastyla 6n ve arka plan kisimlarmin
ortalamalarini temsil etmektedir.

t—-1
Wy () = )" p(® )
i=0
B-1
wy () = ) () ©)
() = 222D ™
.B__tl . .
) = kD ®
Otsu Algoritmast:

1. Gri-tonlamali goriintli alinir.
2. Gri-tonlamali gériintiiniin histogrami hesaplatilir.
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3. Gorintiiniin piksel yogunluk olasiliklar1 bulunur.

wp, (0), wr(0), up (0) ve s (0) igin baslangig degerleri atanir.

5. Biitiin esik degerleri t=0’dan en yiiksek piksel yogunluk
degerine kadar asagidaki adimlar uygulanir.

6. wp (), we(t), up(t) Ve up(t) degerliri giincellenir.

o 2(t) hesaplatilir.

8. ¢2(t)’nin maksimum oldugu t esik degeri belirlenir.

B

~

3. Arastirma Sonuclar1 ve Tartisma

Bu calismadaki beyin tiimdrii veri seti, biitiinii timor alanini
iceren ve gri-tonlamali (256x256) piksel iceren 107 goriintiiden
olugmaktadir. Veri setinin %70°1 egitim veri seti olarak, geri kalan
kismu test veri seti olarak boliinmistiir. Veri seti (Brain Tumor
Dataset, 2019) menenjiyom (meningioma), gliyom (glioma) ve
hipofiz (pituitary) tiimér olmak iizere ii¢ gesit beyin tiimorii olan
hastalardan alinan T1-agirlikli, kontrastli gériintiileri igerir. Sekil
1'de veri setindeki dort beyin MR goriintiisii verilmistir.

Sekil 1. Veri setindeki dort beyin timorii goriintiisii

Beyin timorii boliitleme  sistemlerinin - basart  oranlari
dogruluk, kesinlik ve secicilik gibi metriklerle degerlendirilmistir.
Bu metrikler, Denklem 9, 10 ve 11'de gosterildigi gibi DP, DN,
YP ve YN kullanilarak hesaplanmistir.

5 DP + DN
Dogruluk = & P DN + YN )
. DP
Kesinlik = DPIVP (10)
. DN
Secicilik = DNTTYP a1y

Denklem 9, 10 ve 11'de belirtilen DP (Dogru Pozitif),
sistemin beyin goriintlisiiniin tiimor alanin1 dogru olarak tanidig:
piksel sayisidir. Ancak, DN (Dogru Negatif), sistemin tiimor
olmayan alanmi dogru olarak tanidigi piksel sayisimi ifade eder.
Ayni sekilde YP (Yanlis Pozitif), tiimor olmayan alani yanlis
smiflandiran piksel sayisidir. Fakat, YN (Yanlis Negatif), timor
bdlgesini yanlis siniflandiran piksel sayisidir.

Beyin tiimorii boliitleme sistemlerinin kodlari, Intel Core i7-
4700HQ 2.40 GHz islemci, 16 GB Ana bellek, 256 GB SSD, 2
TB Harddisk ve Windows 10 isletim sistemi 6zelliklerine sahip
bilgisayarda, MATLAB ile yazilmustr.
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Sekil 2'nin ilk siitununda, beyin MR tiimorii goriintiileri, veri
setinden elde edilen gercek goriintiilerdir. ikinci siitunda beynin
kafatast kismimin ayrildigi goriintiiler gosterilmektedir. Aym
zamanda, bu gri tonlamal1 goriintiiler, Gaussian ve Wiener giiriiltii
azaltma filtresi ile filtrelenir. MR goriintiileri, bu filtrelerin
konvoliisyonu ile yumusatilir. Ugiincii siitundaki siyah-beyaz
goriintiilerin beyaz bolgeleri, MR goriintiilerinin beyin timori
bolgeleri olarak tespit edilir.

Sekil 3’te ilk siitunda beyin MR goriintiilerin orijinal
goriintiileri  gosterilmektedir. Ikinci siitunda ise kafatasi
ayrildiktan sonra bdliitleme yapilmis oldugundaki goriintiilerdir.
Uciincii siitunda ise art-isleme asamasinda Rocchio simiflandirici
ile egitilmis modeller kullanilarak elde edilen goriintiilerdir.
Goriilecegi lizere giiriiltii olarak ifade edebilecegimiz kisimlar
ortadan kaldirilmig ve basart artirtlmigtir.

b)

Sekil 2. Beyin MR goriintiileri a) Beyin MR goriintiileri
b) Kafatasi ayrilmig beyin MR goriintiileri

Sekil 4’te goriilecegi gibi ilk olarak egitim veri setindeki
beyin tiimoriiniin 6zelliklerini belirlemek igin beyin timorii
bolgesini iceren goriintiiler Rocchio siniflandirici ile 6znitelikleri
kullanilarak bir model olusturulur. Burada kullanilan 6znitelikler
timor piksel alani, timdr ¢embersellik ve eksantrik degerleridir.
Sonrasinda test veri setindeki goriintiilerden kafatasi kismi
ayrilmis ve On-islemede goriintii kontrast ayarlama, Wiener ve
Gaussian giiriiltii azaltma filtreleri uygulanmisti. Devaminda
Otsu metodu ile esik degerleri belirlenerek boliitleme yapilmistir.
Asil bu ¢alismada yapilan en énemli galigma art-iglemedi. Art-
islemeyle hatali boliitleme kisimlari ortadan kaldirilmigtir. Her bir
boliitlenmis kisim egitilmis model yardimiyla ne dl¢lide tiimor
bolgesi oldugu belirlenir. Egitilmis modelle, en ¢ok tiimor
bolgesine benzeyen kisim timorlii bolge olarak tespit edilir.
Boylece basari artirilmis olur.
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b) c)

Sekil 3. Otsu boliitleme metot ile elde edilen beyin MR
goriintiileri a) Beyin MR goriintiileri b) Boliitlenmis beyin MR
goriintiileri ¢) Art-isleme uygulanmis goriintiiler

Test Veri Seti
Goriintiisii

Kafatas1 Ayirma

Egitim Veri Seti

Goriintiisii .
On-igleme
Egitim
Boliitleme
Art-igleme

Egitilmis Model

Boliitlenmis Goriintii

Sekil 4. Beyin tiimorii tespitinin genel yapist

Tablo 1, beyin tiimdrii boliitlemede kafatasi ayirma islemi
yapilmadan Otsu bdliitlemeyle gerceklestirilen sistemin basari
oranlart gosterilmektedir. Bu basari oranlart olduk¢a diisiiktiir.
Fakat, Tablo 2’de goriildiigii gibi kafatas1 ayrildiktan sonra Otsu
metoduyla yapilan boliitleme isleminde basar1 oranlar1 yaklasik
%10 civarinda artmistir. Bununla birlikte bu sisteme art-igleme
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sathasini dahil ettigimizde basar1 daha da artmistir. Tablo 3,
kafatas1 ayrilmis ve hem Otsu hem de art-islemede Rocchio
metodu uygulanmis sistemin basart orani gdsterilmektedir.
Ortalama %4 oraninda basarty1 artirmistir.

Tablo 1. Kafatasi aywrma islemi yapilmadan Otsu boliitlemeyle
gergeklestirilen sistemin bagari oranlari

"Ba.?arl‘ Otsu Metodu Boliitleme
Olgiileri
Dogruluk %82
Kesinlik %72
Secicilik %82

Tablo 2. Kafatast aywrma isleminden sonra Otsu béliitlemeyle
gergeklestirilen sistemin bagari oranlari

Basan Kafatas1 Ayirma+Otsu Metodu
Olgciileri Boliitleme
Dogruluk %91

Kesinlik %93

Secicilik %91

Tablo 3. Kafatast aywrma igleminden sonra Otsu boliitlemeyle
gergeklestirilen sistemin bagart oranlari

Basan Kafatas1 Ayirma+Otsu Metodu
Olgiileri Boliitleme+Rocchio Metodu
Dogruluk %96
Kesinlik %95
Secicilik %95

4. Sonuc¢

Bu ¢aligmada, ilk olarak beyin tiimérii veri seti egitim ve test
olmak {izere ikiye bolinmils ve sistem, egitim veri setinin
ornekleri kullanilarak Rocchio metoduyla egitilmistir. Sonrasinda
test veri setindeki goriintiiler Otsu metodu ile boliitlenmisgtir.
Kafatas1 ayrilmadan ve ayrildiktan sonraki goriintiiler boliitlenmis
ve dogruluk, kesinlik ve segicilik basar1 Olgiilerine gore
degerlendirilmis ve basarilar1 karsilagtirilmigtir. Sistemin basari
orani, kafatasi ayrildiktan sonra yaklasik %10 artmistir. Bununla
birlikte art-islemeli sistem uygulandiginda %10’a ek olarak basari
oranlart yaklasik %4 daha yiikselmistir. Sistemin dogruluk,
kesinlik ve segicilik oranlari sirasiyla %96, %95 ve %95 olmustur.
Sonraki ¢alismalarda hem bdlitleme hem de art-igsleme
asamasinda farkli metotlar kullanilarak ¢aligmalar yapilacaktir.
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Abstract

This research aims to learn how much potential the development of Kalaodi Agrotourism region in Tidore Archipelago is. The research
conducted in Kalaodi Agrotourism region, Tidore Archipelago. The purposes of this research are (1) discovering the potential of Kalaodi
Agrotourism region in Tidore Archipelago (2) finding strategies to developing Kalaodi Agrotourism region in Tidore Archipelago. Data
collection is gathered by field survey, study literature and obtaining information from respected instances, and using qualitative
approach. The data analyzed by using qualitative descriptive analysis to discover the potential of Kalaodi Agrotourism while SWOT
analysis is used to find development strategies of Kalaodi Agrotourism in Tidore Archipelago. The development strategies of Kalaodi
Agrotourism are using agricultures potential provided in Kalaodi subdistrict which is increasing the quality of agriculture’s product,
improving the human resource capability in agriculture sector so the people of Kalaodi can developing their own agrotourism,
optimizing accessibility, conserving the attractions of local cultures of Kalaodi as the major appeal for tourists to come, as well as
requesting government’s action to involve the society in improving Kalaodi Agrotourism.

Keywords: Agroturism, Development Study, Kalaodi, Tidore Islands.

Tidore Adalari-Kalaodi Sehri Tarim Turizm Alam Gelistirme

Calismasi

Oz

Bu arastirma, Tidore Takimadalarinda Kalaodi Agrotourism bdlgesinin gelisiminin ne kadar potansiyel oldugunu 6grenmeyi
amaglamaktadir. Kalaodi Agrotourism bolgesinde, Tidore Takimadalari'nda yiiriitiilen aragtirma. Bu arastirmanin amaglari (1) Tidore
Takimadalari'ndaki Kalaodi Agroturizm bélgesinin potansiyelini kesfetmek (2) Tidore Takimadalari'nda Kalaodi Agrotourism bolgesini
gelistirmek igin stratejiler bulmaktir. Veri toplama, saha arastirmasi, literatlir ¢aligmasi ve saygin o6rneklerden bilgi alinmasi ve nitel
yaklasim kullanilarak toplanir. Kalaodi Agroturizminin potansiyelini kesfetmek igin nitel tanimlayici analiz kullamilarak analiz edilen
veriler, Tidore Takimadalarinda Kalaodi Agrotourism'in gelistirme stratejilerini bulmak i¢in SWOT analizi kullanilir. Kalaodi
Agrotourism'in geligtirme stratejileri, Kalaodi nahiyesinde saglanan tarim potansiyelini kullanmak, bu da tarim tirinlerinin kalitesini
artirmak, tarim sektoriindeki insan kaynaklari kapasitesini gelistirmek, boylece Kalaodi halkinin kendi agroturizmlerini gelistirmesini

saglamak, erisilebilirligi optimize etmek, yerel cazibe merkezlerini korumak. Kalaodi kiiltiirlerini, turistlerin gelmesi igin en biiyiik
cekiciligin yani sira hiikiimetin Kalaodi Tarim Turizmini gelistirmeye toplumu dahil etmek i¢in harekete gecmesini talep ediyor.

Anahtar Kelimeler: Tarim Turizmi, Gelistirme Calismasi, Kalaodi, Tidore Adalar1.
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1. Introduction

Tourism development is one way to encourage development
efforts at both the central and regional levels. This tourism
development cannot be separated from the existence of natural
resources and artificial resources as the potential of each region in
Indonesia. The potential of the area is one of the superior tourism
assets in the form of the beauty of the natural panorama, as well
as the history and culture that is inherited.

Referring to Law Number 10 of 2009 concerning Tourism
and Government Regulation Number 50 of 2011 concerning the
Master Plan for National Tourism Development (RIPPARNAS),
that each region must have a strategic tourism area in their
respective regions as part of tourism development which will later
become a tourism destination. the.

Indonesia is a country rich in tourism objects, ranging from
nature-based, cultural history to special interests. Tourism in
Indonesia has been considered as one of the important economic
sectors, even this sector is expected to become the largest foreign
exchange earner. Currently, the challenge for Indonesia in
developing its tourism sector is to apply the concept of
environmentally friendly tourism or the concept of green tourism
and ecotourism in dealing with the issue of global warming and
climate change (Anonymous 2014). Despite experiencing
significant degradation in terms of environmental conservation,
Indonesia is still one of the most targeted countries due to its
greenery and natural beauty. The trend that arises due to the issue
of global warming is the increase in tourist visits with
environmentally friendly characteristics such as ecotourism &
green tourism, one of which is Agrotourism or commonly called
Agrotourism.

Agrotourism is part of a tourist attraction that supports the
concept of environmentally friendly tourism development or
green tourism and ecotourism. Because this tourism object utilizes
agricultural business as the main object. Agrotourism activities
aim to broaden knowledge, experience, recreation, and business
relations in agriculture which includes food crops, horticulture,
plantations, fisheries, and livestock supported by forestry and
agricultural resources. The development of agrotourism is
essentially an effort to exploit the potential of agricultural tourism
attractions.

One of the attractions of tourists to visit an area is its natural
panorama. North Maluku is one area that has potential in the field
of tourism and has many areas with beautiful natural panoramas.
One of them is Kalaodi Village, which is in East Tidore District,
Tidore Islands City, which is one of the villages designated as an
agrotourism area.

Kalaodi Village is one of the agrotourism areas in the Tidore
Islands City with geological conditions in the form of volcanic
material units and regosol soil types. As well as hydrological
conditions utilizing springs, because the Kalaodi area is in a
highland area with an altitude of 700 meters above sea level so
that the village is in a highland area. It has a beautiful natural
panorama and a cool atmosphere. In addition, Kalaodi Village
also has the potential for natural resources that lead this village to
become an agrotourism area. Characteristics of the cultivation of
agricultural and plantation products in the form of fruit plants
such as durian, mango, rambutan and others, food crops such as
corn, sweet potatoes, and vegetables with an agricultural area of
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+55.5 hectares, with agricultural production of 60 ,3 tons/Ha,
while the plantations consist of coconut, nutmeg, and cloves with
a plantation area of +100 Ha with a production yield of 44.5
tons/Ha.

The development of agrotourism in Kalaodi Village, if
developed, can provide opportunities in efforts to improve the
local community's economy, in addition to contributing as a
source of Regional Original Income (PAD) for the City of Tidore
Islands. However, until now the potential for tourism objects
owned by Kalaodi Village as an agrotourism area has not been
optimally developed by the Tidore Islands City government as a
tourist attraction. Some of the obstacles that cause development
in this area are not optimal include the lack of promotion of the
Kalaodi Village as an agrotourism area, the lack of supporting
facilities and infrastructure as a tourist area, the low accessibility
of the system to and from the Kalaodi agrotourism area, and the
absence of governance from the Tidore City government. islands
by involving the local community of Kalaodi Village as an
agrotourism area. For this reason, it is necessary to formulate
concrete and operational policy steps to achieve stable
management of agrotourism objects in Kalaodi Village. xxxxxxx.

2. Material and Method

Data analysis techniques used in this study include:
1. Qualitative descriptive analysis

Qualitative analysis is a method of collecting data that is
processed and analyzed by observing descriptive analysis
techniques. This analysis is used to describe the characteristics or
characteristics of the variables that have been determined.

2. SWOT analysis

To answer the second problem formulation using SWOT
analysis, namely, to find out the strategy for developing the
Kalaodi agrotourism area in the Tidore Islands City. SWOT
analysis is one of the analytical techniques to assess the area in a
whole environment. To examine a direction for controlling the
development of built-up land, it is necessary to conduct an
analysis by looking at internal factors (which arise from within
the development area) consisting of strengths and weaknesses, as
well as external factors (existing or coming from outside the
development area) consisting of opportunities and threats.

3. Results and Discussion

3.1. Potential Analysis of Agrotourism Area

In terms of developing a tourist area, it is hoped that the
attractiveness of the area can be lifted. The Kalaodi agrotourism
area has potential that can be used as the main capital for better
development.

a. Potential Analysis of Agriculture and Plantation Sector

Agro tourism object is one of the tourisms objects whose
tourist attraction is agriculture. Travel activities do not damage or
pollute nature with the aim of admiring and enjoying the beauty
of nature, animals, or wild plants in their natural environment and
being used as a means of education. The Kalaodi agrotourism area
is one of the areas in the Tidore Islands City which has the
potential for natural resources such as agriculture and plantations,
where agricultural commodities are fruits and vegetables with an
agricultural land area of 55.5 hectares. The agricultural condition
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of the Kalaodi agrotourism area can be said to be quite good, seen
from the increasing demand for agricultural products (fruits and
vegetables) in the Kalaodi agrotourism area with the number of
requests in 2014 including fruit plants consisting of durian,
mango, rambutan, and others with a production yield of + 21
tons/year and vegetables in the form of long beans, wax
vegetables, chilies, tomatoes, and others with a production yield
of = 39.3 tons/year. And the leading commodity in the Kalaodi
agrotourism area is durian fruit with a land area of 33 hectares and
production of £13 tons/year.

In addition to agricultural products, tourists can also enjoy
plantation products with commodities of nutmeg, cloves, and
cinnamon which are plant spices with world quality which are in
great demand by the Dutch and Portuguese in the colonial era, so
that they can be of historical value to increase the knowledge of
tourists. And based on the data for plantation production is 44.5
tons/year. By looking at the potential of agriculture and
plantations, this can provide economic value to local communities
with increasing demand and become the main attraction for
everyone to visit and enjoy agricultural products in the Kalaodi
agrotourism area.

b. Natural Panorama

The Kalaodi agrotourism area is one of the areas located at
an altitude in the city of Tidore, islands so that it has a beautiful
natural panorama. Because it is in a highland area so that visitors
or tourists can enjoy the green scenery, sea views, Failonga Island,
Halmahera and Maitara and Ternate, the centre of Tidore City and
the sunrise view is also very beautiful when viewed from this area.
In addition, the cool atmosphere with cold air can add to the
comfort of visitors or tourists. This natural panorama can also be
used as a photography activity.

c. Cultural Attractions

The traditional ceremony that is still being carried out is paca
goya or the cleaning of sacred places, which is led by a traditional
head or commonly called suwohi. For three days during the
procession of the ceremony, Kalaodi was in a state of silence,
without any sounds, including the sound of motorized vehicles.
Pacagoya is implemented based on the residents' intentions.
Usually after the harvest, as a form of gratitude for the abundance
of blessings received. There is also a cooperation tradition called
Bari, Marong, and Galasi. The expression Bari is used generally
for cooperation in everything, from clearing plantation land,
building houses and so on. Marong is a working group in clearing
garden land. Galasi is a cooperation in land clearing using an
hourglass system (roasted sand filled in bottles like the old times).
If the sand at the top of the bottle is empty, the job is declared
complete. So, the cultural attractions of the Kalaodi community
need to be maintained as unique and attractive for the Kalaodi
Village itself as an agrotourism area.

d. Ake Celeng Waterfall Tourism Area

In addition to being able to develop the Kalaodi agrotourism
area as a mainstay agrotourism area, it can be combined with
natural tourism of the Ake Celeng waterfall, so that synergy is

needed which will become an integration in development which
will certainly be able to attract more tourists. Ake celeng is also
one of the natural attractions which is also one of the supporting
tourism objects in the Kalaodi Agrotourism Area where this
natural tourism object is surrounded by circular rocks that make
the scenery under the Ake Celeng waterfall look like a bowl
holding water. The surroundings are still very natural and
untouched so that a different atmosphere can be an attraction for
tourists or visitors to not only enjoy agrotourism but also the
natural attractions of the Ake Celeng waterfall.

e. Analysis of the Development of the Kalaodi
Agrotourism Area

Agro

Agricultural potential, unique culture, customs, beautiful
natural panoramas, and tourism supporting the Ake Celeng
waterfall are the main objects in attracting visiting tourists. Some
objects and tourist attractions that have not been marketed so that
in the face of an era full of competition because other objects are
also trying to attract the number of tourists. Therefore, every
tourist attraction has an attraction that can compete with other
tourism objects.

Another goal of the development of agrotourism in the
Kalaodi agrotourism area is to improve the welfare of the local
community and in general the people of the Tidore Islands City
and the preservation of the surrounding environment, both the
natural and artificial environments, or concerning human
resources and natural resources in the Kalaodi agrotourism area.

To bring tourists to the agrotourism area, a strategy is needed
in its development to avoid competition with other objects that
have relatively similar attractions, as well as spatial improvements
that have the needs of both domestic and foreign tourists. The
development carried out should include all elements that
complement the tourist trip, for example service improvement
when tourists leave their homes to the object / place that is the
destination and return to their homes. The main elements of
concern to support tourism development in the Kalaodi agro-
tourism area are tourist objects and attractions, tourist facilities,
management/infrastructure, community / environment.

3.2. Analysis of the Strategy of the Kalaodi
Agrotourism Development Area in the City of
Ternate Islands

To answer the next question, namely the development
strategy of the Kalaodi agrotourism area in the city of Tidore
Islands, the analysis used is a SWOT analysis. SWOT analysis is
the identification of various factors systematically to formulate
strategies related to the vision, mission, strategic plans, and
organizational decisions (Rangkuti, 2003: 18). The SWOT
analysis matrix can be seen in the following table:

Table 1. SWOT Analysis Matrix of Kalaodi Agrotourism
Area Development Strategy in Tidore Islands

Strengs (S)

» Kalaodi agrotourism is one of the
villages in Tidore Islands City
which has a lot potential in the

Weakness (W)

» The lack of availability of facilities
and infrastructure in supporting the
development of the agrotourism area.
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Internal agrotourism sector, especially fruits » itis still difficult to access public
and vegetable crops and plantatios. transportation from and to the Kalaodi
» The geographical location of area on normal days except of market
Kalaodi village which is days
strategically suitable for markets to » the lack of coperation between the
be developed as an agrotourism goverment and the local community
area. (Kalaodi Village) in the management
» The enthusiasm of the community to system in development of Kalaodi as
participate in the development of the a tourist destination in this case
Eksternal kalaodi agrotourism area. agrotourism
» unique cultural atractions located in
the Kalaodi agrotourism area.
Opportunity (O) Strategy SO Strategy WO

» Kalaodi village is designated as one of
the lending agrotourism object as
stated in the RTRW and RIPPARDA
OF Tidore Islands City
» there is natural tourism of the Ake
Celeng Waterfall
» The existence of the development can

» Optimizing the arrangement of
agrotourism areas and the
development programs in the
agricultural sector (Durian, Mango,
etc) in the agrotourism area.
» Increase community participation
and preserve the cultural heritage in

» Improving facilities and infrastructure
in Kalaodi village as agrotourism
development and optimizing ,
accessibility for the agrotourism area.
» Improve the cooperation between the
goverment and Kalaodi community in
developing tourist attractions in the

improve the economy of the local the Kalaodi village Kalaodi Area
community
Threat (T) Strategy ST Strategy WT

» Environmental damage due to illegal
logging
» The entry of foreign cultures that can
affect the local culture

» Enviromental conservation through
reforestation so that the area is
maintained and safe
» There is fiterization so that the
ancestral culture is still preserved

» Strengthen SO,WO,ST to confront
threats and weaknesses
» Promote agrotourism area tourism
programs in Kalaodi Village to the
whole community

4. Conclusions and Recommendations

Based on the results of the analysis and discussion that has
been done, the conclusions that can be drawn are as follows:

Kalaodi Village has potential in the agricultural sector,
beautiful natural scenery, culture, and customs and has Akeceleng
waterfall as a supporting tourism to be developed as an
agrotourism area.

Based on the results of the SWOT analysis to formulate the
Agrotourism Area Development Strategy, namely: by utilizing the
agricultural potential in the Kalaodi Village (improvement of the
quality of the population's agricultural products) which is still
natural by adding artistic panoramic nuances, efforts to add
facilities and infrastructure in the agrotourism area, Efforts to
increase human resources (HR) of the Kalaodi community in the
agricultural sector so that the community has human resources
that have the potential to develop agrotourism areas, optimize
accessibility to and from the Kalaodi area, efforts to maintain and
preserve cultural attractions of local wisdom in the area as one of
the one of the attractions of tourists visiting agrotourism areas, as
well as the role of local governments by involving the community
in the management of the Kalaodi agrotourism area.
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Abstract

Determining the types of DNA and proteins, examining their similarities, etc., remains among the challenging problems in the research
field. For this reason, the data obtained and the use of this data are also limited. In this study, we combined the power of computer
science in data processing with biology. We classified the DNAs of transcription factor proteins found in cruciferous Brassica plants
and identified the DNAs related to the synthesis of transcription factor proteins in the plant. We compiled the dataset from the Plant
Transcription Factor Database (PlantTFDB). We used the code dictionary structure in the preprocessing part and provided a fast and
successful model using Bidirectional LSTM and Bidirectional GRU networks. Our model has 90.40% test accuracy and 86.75% 5-fold
cross-validation accuracy. Using LSTM in the layer with fewer units and GRU in the layer with more units in the model provided a
shorter training time for the model. In addition, although the prepared model classifies the transcription factor DNAs of Brassica plants,
it will also be successful at a certain level in the transcription factor DNAs of other plants. The prepared model stands out as an important
innovation that has been added to the literature in terms of its field of study.

Keywords: Bioinformatics, DNA classification, Deep learning, Bidirectional, LSTM, GRU.

Brassica Bitki Tiirlerinde Transkripsiyon Faktori DNA'sinin Derin
Ogrenme ile Siiflandirilmasi

Oz

DNA ve protein tiirlerinin belirlenmesi, benzerliklerinin incelenmesi vb. aragtirma alanindaki zorlu problemler arasinda yer almaktadir.
Bu nedenle elde edilen veriler ve bu verilerin kullanimi da sinirlidir. Bu ¢alismada bilgisayar biliminin veri islemedeki giiciinil biyoloji
ile birlestirdik. Turpgillerden Brassica bitkilerinde bulunan transkripsiyon faktorii proteinlerinin DNA'larint siniflandirdik ve bitkideki
transkripsiyon faktorii proteinlerinin sentezi ile ilgili DNA'lar1 belirledik. Veri setini Bitki Transkripsiyon Faktorii Veritabanindan
(PlantTFDB) derledik. Onisleme kisminda kod sézliigii yapisim kullandik ve Cift Yonlii LSTM ve Cift Yonlii GRU aglarini kullanarak
hizl1 ve basarili bir model sagladik. Modelimiz %90,40 test dogruluguna ve %86,75 5-kat ¢apraz dogrulama dogruluguna sahiptir.
Modelde daha az birimli katmanda LSTM ve daha fazla birimli katmanda GRU kullanilmasi model i¢in daha kisa egitim siiresi
saglamistir. Ayrica hazirlanan model Brassica bitkilerinin transkripsiyon faktor DNA'larmi siniflandirsa da diger bitkilerin
transkripsiyon faktor DNA'larinda da belli bir diizeyde basarili olacaktir. Hazirlanan model, ¢aligma alan1 agisindan literatiire katilmig
onemli bir yenilik olarak one ¢ikmaktadir.

Anahtar Kelimeler: Biyoinformatik, DNA siniflandirma, Derin 6grenme, Cift yonli, LSTM, GRU.
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1. Introduction

Deoxyribo Nucleic Acid (DNA) is the hereditary genetic
information found in almost all living things. "The information in
DNA is stored as a code made up of four chemical bases: adenine
(A), guanine (G), cytosine (C), and thymine (T)." DNA is formed
by the different sequencing of the A, G, C and T codons in every
living thing. The DNA of almost every cell in the body of every
living thing is the same. The ordering of these codons directly
influences the creation and diversity of each organism, that is,
each part of the organism. The order of these mentioned bases (A,
G, C, T) ensures the diversity of the organism and each part of the
organism and the survival of the organism. This structure is
similar to the formation of different words with a different
arrangement of letters and the formation of different sentences
and texts with the arrangement of these different words
(WATSON & CRICK, 1953).

The rules used to transform the information encoded in
genetic material, namely DNA and mRNA, into proteins are
called genetic code. The genetic code defines nucleotide triplet
sequences called codons that determine which amino acid will be
added during protein synthesis (Shu, 2017).

The gene is an essential physical and functional part of
heredity. Genes formed from DNA through the genetic code,
amino acids, and therefore the sequencing of amino acids serve as
instructions for making molecules called proteins. In humans,
genes range from a few hundred DNA bases to more than 2
million bases (WATSON & CRICK, 1953). The 3D structure of a
DNA fragment is given in Figure 1. The helical structure in this
3D representation consists of the four chemical bases, A, G, C,
and T, and are arranged reciprocally. This ordered chain structure
is the structure that makes up DNA.

Fig. 1 An exemplary DNA 3D structure (Narayana et al., 1991)

The process, which is the first step of gene expression from
the gene's DNA to the production of the primary RNA transcript,
is called transcription. Transcription and subsequent process steps
drive protein production. Here, the necessary information for
protein production is provided from DNA. These transcription
factors bind to specific DNA sequences in gene regulatory regions
and control the transcription of the DNA sequences to which they
bind. The function of transcription factors (TF) is to regulate the
gene expression necessary for the survival of the cell and the
organism (Karin, 1990; Latchman, 1993). Transcription factors
manage many vital processes, such as development, growth,
intercellular communication, and environmental response,
together with DNA connection (Riafio-Pachon et al., 2007).

Since each different transcription factor protein will produce from
a different DNA sequence, classifying the DNAs that produce
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these proteins will play an important role in the preliminary
research of the proteins produced. The data processing power of
computer science is frequently used to support biological studies
on DNA and proteins. The first joint computer science and
biology studies were statistics-based (Baldi & Brunak, 2001). The
most important of these studies can be shown as Hidden Markov
Model (HMM) (Eddy, 1996) based studies (Gromiha, 2010) and
Basic Local Alignment Search Tool (BLAST) (Altschul et al.,
1990). Some of these studies, in which predictions are made by
subtracting the sequences of nucleotides or amino acids and their
probabilities of being in certain positions, with the support
provided by statistical science, require additional information
such as various labels (Price et al., 2018; Strodthoff et al., 2020).

After the statistics-based studies, various artificial neural
networks, machine learning applications, and computer science
innovations have successfully found their place among the studies
in the field. Examples of these studies are Support Vector Machine
(SVM), K-Nearest Neighbors (KNN), and Naive Bayes
Classifier-based studies (Huerta et al., 2000). In later studies, with
the development of the concept of deep learning, models prepared
with Convolutional Neural Networks (CNN) and Recurrent
Neural Networks (RNN) based Long Short-Term Memory
(LSTM), and Gated Recurrent Unit (GRU) come to the fore (Du
etal., 2016).

Looking at the developments in the field, we designed a deep
learning model based on Bidirectional LSTM and Bidirectional
GRU to classify the DNA sequences of TFs of Brassica plants.
Thanks to the model we designed, we classified the TF DNAs of
Brassica plants without needing additional information except for
DNA sequences, with a short training period. Thus, we created a
piece of preliminary information about the TF proteins to be
synthesized for the studies in the field of biology.

The remainder of the article is organized as follows: Chapter 2
includes a literature review, chapter 3 includes the methods used,
chapter 4 the results of the experimental study, chapter 5 the
discussion and conclusion, and finally, chapter 6 references.

2. Related Studies

Classification and analysis of previously discovered or newly
discovered DNA sequences is still a challenging problem. When
the literature is examined, it has been seen that various studies
have been carried out for the classification of DNA sequences.
Biological studies, experiments and analyzes constitute the basis
of these studies. These biologically-based studies are relatively
time-consuming, costly, and more prone to human error. After
biological-based studies, it is statistical-based studies or artificial
intelligence studies from the power combination of biology and
computer science [12].

In one study, the prediction of DNA N6-methyladenosine
regions among plant species was studied with a model prepared
based on CNN and bidirectional LSTM (Tang et al., 2022). In
another bidirectional GRU-based study, DNA N4-methylcytosine
regions in the mouse genome were estimated by Jin et al. (Jin et
al., 2022). In a Word2 Vec-based deep learning study, it was aimed
to identify DNA N4-methylcytosine regions(Fang et al., 2021).
Support vector machines (SVM) were used in a study on DNA
and amino acid approaches for human authentication with deep
transfer learning (Sakr et al., 2022). In a study on predicting 3D
chromatin interactions from DNA sequence using Deep Learning,
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CNN, LSTM and GRU networks were studied and the transfer
learning method was applied (Piecyk et al., 2022). In a study on
the classification of viruses such as COVID, SARS, MERS,
dengue, hepatitis and influenza, a hybrid model based on CNN
and LSTM was prepared (Gunasekaran et al., 2021).

When the literature is examined, although different studies
have been carried out in different DNA studies, no deep learning
study has been observed in TF DNAs, especially in TF DNAs of
plants belonging to the Brassica species. The code dictionary
preprocessed model we have prepared classifies the DNA
sequences that make up the TF proteins in Brassica plants and
provides a solution to the problem of detecting and classifying the
source DNAs of the proteins to be formed.

3. Material and Method

TF proteins play a very important role in the regulation of
vital functions in the life of Brassica plants. The expression of
these TF proteins also depends on the information in the DNA of
these TFs. For these reasons, knowing the biological and
bioinformatic structure and classes of Brassica plants enables
them to dominate many features of the plant. Looking at the
literature, no deep learning studies were found about the TF DNA
of Brassica plants. This situation reveals the importance and
necessity of the classification of these DNAs. To create a data set
to be used in this study, the data were downloaded and processed
in scattered form from PlantTFDB, one of the large databases
related to TFs.

PlantTFDB is a comprehensive and public database designed
by a team of researchers to provide communication with the plant
genome, TFs in gene families, and additional information about
these TFs. The PlantTFDB website contains individual DNA and
protein sequences and individual TF listings for each family and
transcription factor (Jin et al., 2017).

3.1. Structure of the DNA Sequences

DNA sequences are genetic material that consists of a cascade
of nucleotides. There are different symbols in the literature
denoting adenine (A), guanine (G), cytosine (C) and thymine (T)
nucleotides and other states other than these defined nucleotides
(“Nomenclature for Incompletely Specified Bases in Nucleic
Acid Sequences. Recommendations 1984. Nomenclature
Committee of the International Union of Biochemistry (NC-
IUB).,” 1986). Symbols other than these 4 basic nucleotides are
very few and have been ignored in the prepared model. Just as
letters form words and words form sentences, so the ordering of
the symbols of nucleotides creates DNA sequences. The resulting
DNAs are also divided into classes according to their functions.

3.2. Data Preprocessing

The data downloaded from PlantTFDB, together with the
sequences and their families, are collected in a single file and the
data set is created. DNA sequences with a structure such as
"AATGCAATTT...", expressed in characters, must be digitized to
be given to the deep learning model. Numbers from 1 to 4 are
assigned to 4 nucleotides in 14384 DNA sequences. For other
negligible cases, the number 0 is assigned. Figure 2 shows the
frequency with which nucleotides are found in sequences.
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Fig. 2 Nucleotide frequency

In this way, the sequences are digitized. The length of the
digitized sequences should be equalized for the deep learning
model to have a healthy training process. For this reason, it was
decided to calculate the average length of the sequences and
determine the sequence size as 1070. The graph showing the
average lengths of the sequences is presented in Figure 3.
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Fig. 3 Average lengths of the sequences

Among the sequences digitized in this way, the longer ones
were shortened to 1070, and the shorter ones were extended by
filling in 0's at the end (Bileschi et al., 2022). Then, the classes of
the sequences, that is, the 58 families to which the DNAs belong,
were coded with one-hot encoding, just as stated in the study of
Yang et al., and all the data were prepared (Yang et al., 2018). The
data prepared and separated as 80% train, 10% validation and
10% test are ready to be given to the deep learning model.

3.2. Long Short-Term Memory (LSTM) and Gated
Recurrent Unit (GRU)

LSTM and GRU networks use sequential information in the
data and make predictions by storing historical states and long-
short-term dependencies, which are structurally similar and
provide almost the same results. In LSTM, there are input, output
and forget gates (Greff et al., 2017). On the other hand, in GRU,
forget function is done with a key, not a gate (Gao & Glowacka,
2016). GRU has a relatively faster training and working time
compared to LSTM since there is a missing gate compared to
LSTM. These models can process long texts and data and
successfully detect long-term dependencies and which
information will be forgotten, thanks to the gates they contain and
the calculations they make (Seker et al., 2017).

In evaluating the prepared model, accuracy, precision, recall,
f-score criteria (Luque et al., 2019) and a 5-fold cross-validation

82



European Journal of Science and Technology

method were used (Xiong et al., 2020). In addition, the train and
validation accuracy and loss graphs of the model and the ROC
curve were also used (KILIC, 2013).

The embedding layer of Keras was used in the prepared
model, and the vector size was determined as 256. A 128-unit

layer Bidirectional LSTM and a 256-unit layer Bidirectional GRU
are used in the model. Since GRU is relatively fast compared to
LSTM, more units are preferred in GRU than LSTM. Table 1
shows the design details of the model.

Table 1. Example of a table

Layer Output Shape Param #
Embedding (None, 1070, 256) 1280
Bidirectional LSTM (None, 1070, 256) 394240
Bidirectional GRU (None, 512) 789504
Dropout (0.25) (None, 512) 0
Flatten (None, 512) 0
Dense (None, 256) 131328
Dropout (0.25) (None, 256) 0
Dense (Classification) (None, 58) 14906

3. Results and Discussion

The data set used consists of 14384 sequences. In order to
allocate more data for training, the data set is divided into three
parts, 80% train, 10% validation and 10% test, with the Python
Scikit-Learn library. A value of 0.001 was used in all layers as the
learning rate in the model. The batch size value is set to 256
because long arrays are used. ADAM is used as the optimization
function. Since a 58-class data set was used, the categorical cross-
entropy function was chosen as the loss function. The model
completed its excellent training in 28 epochs. The evaluation
results of the model are as follows:

o Accuracy: 90.40%
 Precision: 90.37%

o Recall: §9.34%

o F-score: 88.77%

o 5-fold cross-validation: 86.75%
o Train time: 16.85 min.

Figure 4 shows the accuracy and loss graphs of the model,
and Figure 5 shows the ROC curve.

Training and validation accuracy Training and validation loss

10 __ Jainingacc

—— Validation acc

— Taining loss
— Validation loss

0 5 0 P 0 5 1 it 2 P

Fig. 4 Accuracy and loss graphs for deep learning model
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Some extension of Receiver operating characteristic to multi-class

10 - N N ]
”}
s
-
0.8 - -7

g =
m -
o JI
206 -
= e
=] -
o -
8 -

4 -
a P
= -
= -

£ ”’

i = = micro-average ROC curve (area = 0.99)
' ,/’ = ®  macro-average ROC curve (area = nan)
0 -*
ou -~ ' 1 1 ' ]
00 0.2 0.4 06 0.8 10

False Positive Rate

Fig. 5 ROC curve for deep learning model

The results in Table 2 and the graphs in Figure 4 and 5 showed
that the model successfully classified TF DNAs in plants
belonging to the Brassica species and made an important
contribution to the literature. The proximity of all curves to the
upper left corner in Figure 5 shows that the model has successfully
classified all 58 classes.

When we look at the literature, although there are studies such
as the N6-methyladenosine region determination study of Tang et
al. (Tang et al., 2022), the study of Sakr et al. including DNA and
amino acid approaches (Sakr et al., 2022), and the detection of
DNA of viruses such as COVID and SARS, it is possible to
determine the DNA of transcription factors. No study could be
seen on the transcription factor DNAs of plants of the genus and
Brassica species. In this study, which we have done on this gap in
the literature, we have succeeded in classifying the DNA of
transcription factors in Brassica species. The model I prepared
includes 1 layer of Bidirectional LSTM and 1 layer of
Bidirectional GRU. Thanks to these layers, the structures and
motifs of long DNA sequences can be captured, and various long-
and short-term dependencies can be detected, resulting in a
successful classification. In this way, we were able to have
preliminary research information and classification information
of the proteins to be synthesized from these DNAs. In addition,
with this model, we filled a gap in the literature.
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4. Conclusions and Recommendations

By preparing this study, we classified the DNAs that
synthesize the transcription factors that greatly affect the life
cycles and functions of plants belonging to the Brassica plant
species according to the transcription factor type. Thanks to this
classification and model, the time to be spent with biological
experiments, human-induced errors, and high costs have been
tried to be avoided. In addition, thanks to this speed and success,
more work can be done. This prepared model stands out as an
important innovation that has been added to the literature
regarding Brassica plants.
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Abstract

This paper deals with the influence of different RANS turbulence models on the numerical modelling of a 3D rectangular symmetrical
wing in ground effect. Travelling near a solid surface, so-called ground effect, considerably alters the aecrodynamic characteristics of a
wing. This paper aims to investigate the performance of the widely used eddy viscosity turbulence models while predicting the changing
aerodynamic behavior due to the ground effect. Three different RANS turbulence models, realizable K — &, K — @ SST and Spalart-
Allmaras models are taken into consideration. The effectiveness of the turbulence models were tasted in comparison with the
experimental data in different angles of attack and ground heights. Results reveals that, the effect of the turbulence models on the
numerical accuracy of the ground effect aerodynamics calculations are related to the altitude and the angle of attack. The choice of the
turbulence model becomes important when the wing travels in very close proximity to the ground and the angle of attack is low or
negative. The discrepancy of the calculated results mainly comes from the pressure distribution variations on the lower side of the wing.
For high angles of attack, or relatively larger ground heights, the difference between the predictions of the turbulence models become
negligible.

Keywords: Ground effect, Rectengular wing, Aerodynamics, CFD, Turbulence models, RANS.

Tiirbiilans Modeli Seciminin Zemin Etkisindeki 3B Bir Kanatin
Sayisal Modellemesine Olan EtKisi

Oz

Bu ¢aligma, farklt RANS tiirbiilans modellerinin Zemin etkisinde ¢alisan 3B simetrik bir kare kanatin sayisal modellemesindeki etkisini
incelemektedir. Kat1 bir Zemin yakininda hareket etme, ya da bilinen ismiyle yer etkisi, bir kanatin aerodinamik karakteristigini denmli
oranda etkiler. Bu makalede amag, farkli eddy viskozitesi tiirbiilans modellerinin yer etkisi esnasindaki aerodinamik davranigi
modelleme yoniinden performansimin arastirilmasidir. Ug farkls tiirbiilans modeli, realizable K — &, K — @ SST and Spalart-Allmaras
modelleri incelemeye dahil edilmistir. Tiirbiilans modellerinin etkinlikleri farkli hiicum agilart ve kanat yiikseklikleri i¢in deneysel
verilerle karsilastirmali olarak test edilmistir. Sonuglar gostermektedir ki, tiirbiilans modellerinin yer etkisi aerodinamigi hesaplamalar1
konusundaki basarisi irtifa ve hiicum agisi ile dogrudan iligkilidir. Tiirbiilans modeli se¢imi kanat yere ¢ok yakin hareket edsyorken ve
hiicum ag1s1 diisiik ya da negatifken onemli hale gelmektedir. Elde edilen sonuglarin birbirlerinden farklilig1 temel olarak kanat alt
ylizeyindeki basing dagilimindan kaynaklanmaktadir. Yiiksek hiicum acilar1 ve irtifalarda farkh tiirbiilans modelleri ile elde edilen
tahminler aras1 fark ihmal edilebilir diizeyde kalmaktadir.

Anahtar Kelimeler: Zemin Etkisi, Kare Kanat, Aerodinamik, HAD, Tiirbiilans modelleri, RANS.
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1. Introduction

Operating in the vicinity of the ground provides several benefits
to the objects by enhancing the aerodynamic lift and efficiency.
This advantage makes the ground effect an important phenomena
for various present or experimental practical applications.

Many researchers have been dealing with the ground effect
aerodynamics for several years with the aim of understanding the
flow physics of the ground effect or to obtaining the best
performance from it. Zerihan and Zhang (2012) carried out
experimental wind tunnel measurement to analyze the
performance of a single element wing close ground proximity. He
et al. (2014) performed shape optimization of NACA4412 in
order to evaluate the performance in WIG craft applications. Jia
et al. (2016) numerically investigated the aerodynamics of a
banked wing in ground effect. They studied different
configurations like the use of rectangular wing, delta wing
endplates, ailerons..etc. Qu et al. (2016) investigated the flow
physics of a multi element wing working in ground effect. Zaheer
et al. (2019) evaluated the performance of different airfoil
geometries in ground effect by the aid of computational fluid
dynamics (CFD) . Qu et al. (2015) conducted a series of numerical
analyses with 2D NACAA4412 airfoil in ground for wide range of
angles of attack. Ozden et al. (2020) revealed the features of a
low-aspect-ratio wing in ground effect by performing wind tunnel
measurements. Nirooei (2018) conducted CFD analyses to study
the aerodynamic and stability characteristics of modified
NACAA4412 airfoil in extreme ground effect. Lee and Han (2020)
experimentally investigates the high angle of attack ground effect
aerodynamics of the low-aspect ratio modified NACA0012 wing.

There are also a group of studies focused on the accuracy of the
numerical simulations concerning to the ground effect
aerodynamics. Schmid et al. (2009) tested different modelling
approaches for the trustworthy numerical modelling of airfoils
and wings in ground effect. Doig and Barber (2012) investigates
different numerical features like tunnel walls and turbulence
model for the numerical simulations of a 2D airfoil in ground
effect. Jithin et al. (2021) evaluated the performance of different
turbulence models in the numerical modelling of 2D NACA4412
airfoil in ground effect. Firooz and Gadami (2006) assessed the
effect of ground boundary condition and turbulence models on the
accuracy of the numerical simulation of a 2D airfoil concerning
ground effect.

Present paper covers the CFD modelling of a 3D wing in ground
effect using different RANS turbulence models. NACA0012
rectangular wing is used for simulations. The effect of the
turbulence models on the lift predictions were provided in
comparison with the available experimental data from the
literature. Pressure distributions are also investigated to analyze
the discrepancy between the results.

2. Material and Method

In this study, the flow over a 3D rectangular wing with
NACAO0012 section was investigated with the aid of CFD. The
main dimensions of the wing is given in table 1. A commercial
Navier-Stokes solver, Simcenter Star-CCM+ was utilized in the
calculations. The solution numerical configuration is similar to
the experimental work of Moore et al.(Moore, Wilson, & Peters,
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2002) for validation purposes. The computations were carried out

in a Cartesian coordinate system with the center on ¢/3 and
positive —x axes pointing flow direction.

Table 1. The main dimensions of the wing

Chord, C 0.317 m.
Span, S 0.96 m.
Aspect Ratio, AR 3.02m.
Area, A 0.303 m2

The wing is located at 10c from the inlet, 20c from the outlet
boundary and 3.3c from the sidewalls. The distance from the
bottom wall (ground height) was equal to h/c=0.1 and h/c=0.3.
The angle of attack (AoA) for each wing height was varying in

the range of —3° <« <5°. The geometrical description of the
problem is shown in fig.1. Uniform velocity condition is applied
to the inflow boundary. No-slip boundary condition was spplied
to the wing surface, while the ground was treated as moving wall,
for better representation of the real flow physics (Schmid et al.,
2009). The free stream velocity at the inlet is 38m/s, which
corresponds to the Reynolds number of Re=8x10°

(Re=Uc/ v, where U is free stream velocity, C is chord length
and v is kinematic viscosity)
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Fig. 1 Description of the problem

The solution domain was constructed using hexahedral
elements. The view of the mesh structure close to the wing is
given in fig.2. there are several refinement regions located around
the wing and the wake region. Addition mesh refinement was
applied to the region between wing and the ground to capture the
high velocity and pressure gradients. Prismatic mesh layers was
constructed along the wing surface for the better representation of
the boundary layer. The first mesh point was located to ensure the

y+ (y+=u,y/v, where u_is friction velocity and Y is the

height of the first mesh point) is about 30-100. The grid structure
was systematically refined and the change of the lift coefficient
was observed to investigate the mesh dependency of the results.

T
T
T
T

T
It
1T
i

Fig. 2 Mesh structure around the wing

The solver implements finite volume method for the
discretization of the governing equations. A second order scheme
was applied for spatial and temporal discretization. The time step
was 10 for all simulations. the details of the turbulence models
can be found in the solvers manual (Siemens, 2019).
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3. Results and Discussion

The flow around the wing for varying altitudes and AoAs are
numerically calculated using different RANS turbulence models.
In fig.3, the lift vs. AoA results for the wing height at h/c=0.3 are
presented in comparison with the experimental data of Moore et
al. (Moore et al., 2002). As can be shown in the figure, the choice
of the turbulence model has no considerable influence on the lift
coefficient predictions. all results are in very good agreement with
the experimental data for all AoAs in the investigated range.

0.6

o B 5
— — experimental

——k-e

0.4 —a— k-w

-0:2

—8—s-a

-0.6
Angle of Attack
Fig. 3 Comparison of turbulence models for lift at h/c=0.3

For the clearer understanding of the agreement/ discrepancies
between the lift force computations of different turbulence
models, pressure coefficient results are depicted in comparison.
Fig. 4 shows the pressure distribution along the mid-section of the

wing at h/c=0.3 and a =5°. The figure shows a typical pressure
distribution of a positive lift generating foil: higher pressure at the
lower surface. The similarity between the lift calculations of
different models can be also seen in the pressure predictions.

Q.0.15 0.25
(8]

&R

& 1 ¢ k-e

o lower s.
i s o k-w
O s-a

2
Position (x)

Fig. 4 Pressure distribution along the wing at h/c=0.3 and a=5

Same pressure coefficient calculations in fig.4 are also
investigated for a negative AoA. Fig.5 gives the pressure
distribution along the mid-section of the wing at h/c=0.3 and

o =—3’ . The predictions of different models are still similar, but
the pressure balance along the wing changes for the negative
AoA. The pressure coefficients along the lower surface of the
wing are higher compared to those of upper surface. Thus, for this
scenario, the wing generates negative lift.
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Fig.5 Pressure distribution along the wing at h/c=0.3 and a=-3

The lift calculation results in the fig.3 are repeated for a lower
wing height. In fig.6, the lift vs. AoA results for the wing height
at h/c=0.1 are presented in comparison with the experimental data.
The lift force predictions of different turbulence models are not in
agreement for this case. The discrepancy between the results
become notable as the AoA decreases. Among the three, Spalart-
Allmaras turbulence model produces lowest lift coefficient values
for all AoAs, while K —@ SST model produces the highest ones.
Realizable K — & model seems to provide the best performance
in the manner of the agreement with the experimental data.

— — experimental
- ——k-e

—a— k-w

—&®—s-a

-1.6
Angle of Attack
Fig. 6 Comparison of turbulence models for lift at h/c=0.1

The pressure distribution along the wing is provided to seek for
the ground of the discrepancy between turbulence model
predictions. Fig. 7 shows the pressure results for h/c=0.1 and .
For this high AoA, the calculated pressure coefficients do not
show a considerable difference as in the lift results in fig.6. As
seen from the figure, near the trailing edge pressure values at the
lower surface become comparable to those of upper surface.
However, in the first half of the chord length in the stream-wise
direction, the pressure values along the lower surface are higher
due to the air cushion effect of the close ground proximity.
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Fig. 7 Pressure distribution along the wing at h/c=0.1 and a=5

Fig.8 gives the pressure distribution along the mid-section of

the wing at h/c=0.1 and a =—3°. For this case, the difference
between the calculated pressure coefficient results are notable. In
general, lower surface of the wing produces higher pressure
values compared to those of upper surface, thus the wing
generates negative lift. All turbulence models captures this
behaviour in success. The magnitude of the calculated peak
pressure values in the lower surface are in agreement with the
amount of the discrepancy of the lift values in fig.6. There are no
significant difference between the pressure coefficients along the
upper surface.

lower s.

-0.15 0.25

uppers. 5
Position (x)
Fig. 8 Pressure distribution along the wing at
and a= -3

h/c=0.3

4. Conclusions and Recommendations

Present paper aims to investigate the effect of the turbulence
model choice on the numerical accuracy of the ground effect
aerodynamics calculations of a rectangular wing. The flow
around the 3D wing with a NACAO0012 cross section is
numerically modelled using three different turbulence models
which are realizablexk —&, Kk —@ SST and Spalart-Allmaras
models. Two different ground height is tested as h/c=0.1 and
h/c=0.3, while the AoA is varying in the range of -3°< a <5°.

The results show that the effect of the turbulence models on the
accuracy of the numerical results are depending on the wing
height and the AoA. All turbulence models provides very close
results for high (h/c=0.3) altitude. However, when the wing height
is low, there is a discrepancy between the results of the different
turbulence models and this discrepancy becomes notable as the
AOA decreases. Realizable x —¢& performs slightly better than
the others in negative AoAs. It is also seen that, the difference

e-ISSN: 2148-2683

between the pressure calculations on the lower surface of the wing
results in the discrepancy in the lift predictions.
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Abstract

The electrical energy consumption is increasing in our country and in the world. The electrical energy and heat energy are primary
energies and has a vital role on industry and our lives. The production of these two energies in different cycles leads to energy loss and
low efficiency. With the production of both in the same cycle, the efficiency increases a lot, and the energy losses and emission values
decrease a lot. By installing cogeneration system to produce electrical and heat energy, the energy consumption costs can be reduced
importantly. The cycle in which the fuel and the air entering into combustion chamber is heated by the heat taken from the exhaust
gases at the outlet of the gas turbine is analyzed by using exergy analysis method and, first and second laws of thermodynamics. The
heat energy remained in the exhaust gases are used to produce in steam production, after some heat energy is consumed to heat the air
and the fuel, in this cycle. The performance analysis of the devices that make up the cycle such as turbine, recuperator compressor,
combustion chamber, and heat exchanger and for the whole cycle and were obtained and discussed. Exergy efficiency, exergy losses
and other performance parameters of the devices were obtained and discussed.

Keywords: Cogeneration, Exergy, Air fuel heating.

Hava Yakit Isitmanin Kojenerasyon Cevrimleri Uzerindeki
Etkilerinin Performans Analizi

Oz

Ulkemizde ve diinyada elektrik enerjisi tiikketimi giderek artmaktadir. Elektrik enerjisi ve 1s1 enerjisi birincil enerjilerdir ve endiistride
ve hayatimizda hayati bir role sahiptir. Bu iki enerjinin farkli dongiilerde iiretilmesi, enerji kaybina ve verimin diismesine neden olur.
Her ikisinin de ayni ¢evrimde {iretilmesi ile verim ¢ok artar, enerji kayiplart ve emisyon degerleri ¢ok azalir. Elektrik ve 1s1 enerjisi
iretmek igin kojenerasyon sistemi kurularak, enerji tilketim maliyetleri 6nemli Glglide azaltilabilir. Gaz tiirbini ¢ikisinda egzoz
gazlarindan alian 1s1 ile yanma odasina giren yakitin ve havanin 1sitildig1 ¢evrim, ekserji analizi yontemi ve termodinamigin birinci ve
ikinci yasalari kullanilarak analiz edilmistir. Egzoz gazlarinda kalan 1s1 enerjisi, bu ¢evrimde havay1 ve yakiti 1sitmak i¢in bir miktar 1s1
enerjisi tilketildikten sonra buhar tiretiminde kullanilir. Tiirbin, rekiiperatér kompresor, yanma odasi, 1s1 esanjorii gibi ¢evrimi olugturan
cihazlarin ve tiim g¢evrim icin performans analizleri elde edilmis ve tartisilmistir. Cihazlarin ekserji verimi, ekserji kayiplar1 ve diger
performans parametreleri elde edilmis ve tartigilmistir.

Anahtar Kelimeler: Kojenerasyon, Ekserji, Hava yakit 1sitma.
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1. Introduction

In the conventional system, there is heat generation in two
separate systems to produce power and heat. In the cogeneration
system, on the other hand, the heat produced with the help of a
single heat generation system is first produced with electrical
energy with the energy carrier fluid, and the remaining heat
energy is used for steam or hot water production. In this case,
while the total energy efficiency of the classical (conventional)
system is around 58%, the energy efficiency of the cogeneration
plant can reach up to 90%. If these two situations are compared,
it is seen that there is an opportunity to benefit from the energy of
the fuel approximately 30% more in the cogeneration plant. In
addition, operating and initial investment costs of the system can
be significantly reduced when a cogeneration facility is installed
in systems that need heat and electrical energy at the same time.
Cogeneration systems; It can be classified as central use plant
systems, industrial systems and small systems. However, the
characteristics of all three are different and in some applications
one can replace the other. Central-use plant systems and industrial
systems have been available for many years, and today the main
trend, orientation and development is in small systems
(ASHRAE, 2000; Karaali and Oztiirk, 2015; Peters et al., 2003).

The main engine’s characteristics are the gas turbine, like
working method, and efficiency affect the properties, the working
conditions of the overall cycle. It is possible to classify according
to the working methods of this cycles as gas-steam turbine
combined cogeneration cycles, gas turbine cogeneration cycles,
steam turbine cogeneration cycles, fuel cells and motorized
cogeneration cycles. Adding a steam turbine to the cycle for using
the exhaust heat coming from the gas turbine the combined (gas-
steam) cogeneration systems, can be obtained. If the steam is in
the state of low pressure, it is used a process. By adding a second
combustion chamber, the combined system can provide very
flexible electricity to heat ratio (ASHRAE, 2000; Karaali and
Oztiirk, 2015; Peters et al., 2003).

In the motorized cogeneration plants, it can be produced
steam from the exhaust gases at around 300 — 550 °C, and overall
efficiency about 75-92% can be obtained. For this plant,
advantages like low facility costs, high electrical efficiency, short
operating and interruption times for maintenance-repair, and low
heat rates, can be said. It is possible to benefit from energy at a
higher rate by converting the large-scale conventional power
plants, which are common in our country, to combined heat-
power systems. Karaali and Oztiirk (2015) designed the case of
converting an existing conventional power plant to a cogeneration
system for district heating and examined the thermodynamic and
economic feasibility of this alternative situation, and their results
were calculated of both energies saving and the environmental
effect, and economic feasibility. compared with the current
system. With this conversion, it has been seen that the country's
resources can be saved with a clean environment and less
dependence on natural gas. It has been shown that if the facility
established to generate electricity is converted into a cogeneration
facility and a very small amount of electricity generation is given
up, district heating can be made and its efficiency will increase.
The investment costs required for this return within a year and it
is seen that the investment is profitable (Karaali and Oztiirk, 2015;
Bejan et al., 1996; Horlock, 1997).
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In fuel cells, electricity is produced as a result of the
electrochemical reaction of fuel (Hydrogen or Methane) and
oxygen in a fuel cell (around 280 °C), and heating etc. from low
temperature wastes. It is possible to use it as a heat source for
processes such as in these systems, the electrical energy
production efficiency can be over 75% and the cogeneration
efficiency can be over 90%. When these advantages mentioned in
such facilities are evaluated, a significant amount of energy
savings can be achieved with a more economical energy
production. In addition, less environmental pollution is created
and the amount of CO; released into the atmosphere is at lower
levels.

Due to the emergence of more heat and power needs in
1980s, gas turbine cogeneration cycls have become widespread in
the world and many studies have been carried out and published
by many researchers on their exergy analysis since the early
1980s. Changing heat and electricity needs have increased the
interest in gas turbine plants, and the widespread use of natural
gas due to its advantages over other fuels, this interest has come
to this day. Injection steam in a combustion chamber started in the
1950s in order to reduce the combustion chamber exit temperature
and increase the work force obtained, and it continues to be
applied today because it reduces NOx and its compounds to a
minimum level and improves efficiency (Karaali and Oztiirk,
2010; Jaluria, 2008)

2. Material and Method

A gas turbine cogeneration system’s main device is the gas
turbine. It can be seen in figure 1, air is pressured in a compressor,
after that it is burned with the fuel in a combustion chamber.
Exhaust gases at high temperatures are produced at the outlet of
the combustion chamber give some of its energy in the turbine to
produce electricity by the generator. After that, most of its heat
energy passes to the water in the HRSG. By that way, electrical
energy from the generator and steam or hot water from the HRSG
is obtained at the same time.

The steam or hot water are used in drying, heating, or for the
process heat needs. Also, the steam or the hot water are used
sometimes for district heating, electricity production by using
steam turbines, absorption cooling, or other needs. By using and
adding some components like steam or water injection, heat
exchangers, recuperator, steam turbine added to the main
machine, or absorption cooling different systems can be obtained.
Also, by using different fluids like CO, as the working fluid,
different cycles can be obtained.

Water
5
HRSG Steam 8 ,
< < < A
l6
»|C.C
24 4
3
C | T —»@
“ 9 \10
t1 Air

Fig. 1 The diagram of the basic (bsc) cogeneration system.
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In Figure 2, air fuel heating (afh) cogeneration plants is
shown. In that system, some of the heats are used to heat the air
and the fuel, and the other heats are used to produce steam.
Cogeneration plants consist some different components and
temperature, chemical composition and pressure changes happen
in those components. Also, in the combustion chamber a chemical
reaction are obtained.

ater Steam
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2
v
C ¢ T->®
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1
Air
Fig. 2 The diagram of the air fuel heating (afh) cogeneration

system.

Assumptions made in the calculations and in the analysis of
the system in this study are as follows (Bejan et al., 1996). The
system works in the continuous regime, the laws of ideal gas
mixture are applied to exhaust and air. The fuel is Methane, and
that taken as ideal gas. Also, combustion is complete, there are no
NOx formation. There is no heat loss except from the combustion
chamber and are 2% upper calorific value of the fuel. An open
system that the properties of the matter is uniformly distributed in
each area of the control surface where there is a mass exchange,
and the heat and the work exchanges is not change over time
which are called continuous flow continuous open. For open
system and steady state, the first law of thermodynamics,

. : . 7% . V2
QKH _WKH +ngg (hg +%+gzg) _Zcmc (hc +T+

9z.) =0 (1)
In steady state, the law of conservation of mass is,
Yy =Y m, )

In combustion the chemical energies are converted into
thermal energy. For this study it is assumed that the combustion
reaction takes place ideally and completely. It is also assumed that
the natural gas is methane gas to simplify the calculations. the
following chemical reaction is taken as a basis,

ACH, + (0.7748N, + 0.20590, + 0.0003C0, + 0.019H,0 —

(1 + D Xn2Ny + X020, + X020, + Xpz0H,0) 3)

The minimum mass of air required to complete theoretical
combustion is called the stoichiometric amount of air. However,
for complete combustion more air than the theoretical amount of
air is always used. The excess air coefficient is the ratio of the
actual amount of air to the theoretical amount of air (Bejan et al.,
1996; Horlock, 1997).
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In table 1, energy, entropy and mass equations of the devices

of the air fuel heating (afh) system are given.

In table 2, exergy efficiency, and exergy equations of the

devices of the air fuel heating (afh) system are given.

Table 1. Energy, entropy and mass equations of the devices
of the air fuel heating (afh) system (Bejan et al., 1996; Moran et

al., 2000; Horlock, 1997; Peters et al., 2003).

Component Mass Energy Entropy
Equation  Equation Equation
Compressor my =1y | myhy + W 1Sy — 1MyS;
= mZhZ + Sgen,C =0
Recuperatorl m, =1y | Myhy + hghg | Mys, + MmesSe
Me =M, | =mzhs — M3s3 — M7Sy
+ i, h; + Sgenr1 =0
Recuperator2 Mg = Mg | Mghg +Mghg | MgSs + MoSe
g =My | = Mehe — MMeSe
+ myohyo - 7’_"110510
+ Sgen,RZ =0
Combustion mg + My | Mmzhs M3S3 + Mq0S10
Chamber =1y + myohyo —1MyS,
= m‘l-h‘l- + Sgen,CC =0
+ 0.02ri, o LHV
Turbine my = Mg Mmyhy M4S, — MsSs
= Wr + W, + Sgenr =0
HRSG m,; = mg m,h, Mm;S; + Mq3S13
3 + my3hys — MgSg
=My = mghg - 7f114514
t1ashie |+ Sgennrse
=0
Overall Cycle h; = f(T)
5 =f(TuP)

Exergy or availability are theoretical maximum value of the

mairhair + mfuelLHVCH4 - QLoss,CC

- meg.,outheg.,out - Wr

- msteam(hwater,in

. - hsteam,out) =0
QLOSS,CC = O.OZThfuelLHVCH4

useful work. Which can be obtained if equilibrium with the
environment is achieved at the end of a reversible process. It has
two components, chemical and physical. The perfect gas mixtures
physical exergy can be written in molar terms for mixed
substances,

€phy = (E - FLO)mix = To- (5 = S0)mix = i X [j;:l(; Epoi(T)dT -
To.(f; 22 ar —Rin ;’—0)] @)

To T

The chemical exergies are maximum useful works which
can be obtained when a substance in the reference state (To, Po)
becomes thermodynamic equilibrium in terms of chemical
composition with its surroundings (Bejan et al., 1996; Horlock,
1997).

The chemical exergy of the gas mixtures is,

®)

€chem,mix = Zixi- €chem,i T R.Ty. Zi X Inx;
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Thus, the total exergy of a flow or control mass can be
written as

E = Ephy + Echem (6)
Table 2. Exergy equations, and exergy efficiency equations of

the devices of the air fuel heating (afh) cycle (Bejan et al., 1996;
Moran et al., 2000; Horlock, 1997; Peters et al., 2003).

Component Exergy Exergy Efficiency
Equation
Compressor Epc Eoutc = Einc
— E:~1 + WC Nex,c = WC
—_ EZ
Recuperatorl | Epg, Nex R1
= EZ + E:'6 _ Eaut,air,Rl - Ein,air,Rl
'_ E3 — E7 Eout,exhaust,Rl - Ein,exhaust,
Recuperator2 Ep r2 Nex,R2
= ES + 59 — Eaut,air,RZ - Ein,air,RZ
T Es — E1o Eout exhaust,R2 — Ein exhaust
Combustion Epcc Eoutce
Chamber = £3 + Ey Texce = e + Eruer
— E4
Turbine Epr _ Wheer +We
— 54 _ 55 Nex,r = m
— W, — Wy
HRSG ED,HRSG Nex,HRSG
= E:‘7 - EB — Esteam,HRSG - Ewater,HR
+Ei3 —Eyg Ein exhaust, HRSG — Eout exhayl
Exergy E=Epp+Ecn
Overall efficiency Epp = m(h — hy — To(s
cycle —50))
Ech‘
SR
+ RT, Z Xy lnxk}
nex. 5 .
— Wnet,T + (Esteam,HRSG - Ewc
E‘fuel

Exergy equation for open systems which input and output
mass quantities are equal to each other is,

W = Eloss ™)

3. Results and Discussion

In figure 3, variation of exergy efficiency and electrical
efficiency of the air fuel heating (afh) and basic (bsc)
cogeneration systems with compressing ratio are given. As can be
seen that the air fuel heating (afh) cycle has higher efficiency than
the basic (bsc) one approximately 9%. Also, the air fuel heating
(afh) cycle has higher electrical efficiency than the basic (bsc) one
approximately 21%.

In figure 4, variation of exergy efficiency of the air fuel
heating (afh) cogeneration plant with excess air rates for different
compression ratio are given. It is concluded those, increasing
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excess air rates affect increases in the exergy efficiency of the air
fuel heating (afh) about 25%. Also, increasing the compression
ratio have an effect on increasing the exergy efficiency of the air
fuel heating (afh) about 13%.

bsceleff

N— e I bscexeff afheleff

9 10 11 12 13 14 15 16
Compressing Raatio (r)

Fig. 3 Variation of exergy efficiency and electrical efficiency
of the air fuel heating (afh) and basic (bsc) cogeneration systems
with compressing ratio.

In figure 5, variation of efficiencies of the compressor, the
combustion chamber, the turbine, and the HRSG of the air fuel
heating (afh) system with compression ratio are given. An
increase in the compression ratio results an increase in the
efficiency of the compressor about 1.7%, the recuperator about
17%, the combustion chamber about 2%, and the (heat exchanger)
HRSG about 4.4% for the afh cycle. But, increasing the
compression ratio decreases the efficiency of the turbine about
3.6%.

—— afhexeff (r=16) -afhexeff (r=10) afhexeff (r=6)

0,54 - | |
052 - i —
048 E
g 0,46 7 .
20,44 - iS4
g0 -
04
0,38 -
0,36 | |
0,34 +— ey ===
1 1,5 2 2,5 3 35
Excess Air Rates

Fig. 4 Variation of exergy efficiency of the air fuel heating
(afh) cogeneration system with excess air rates for different
compression ratio.

In figure 6, variation of exergy efficiency of the air fuel
heating (afh) cogeneration system with excess air rates for
different ambient temperatures are given. As concluded that,
increasing the excess air rates of the afh cogeneration system
increases the exergy efficiency about 30 %. Decreasing the excess
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air ambient temperatures increases the exergy efficiency about
1%.

In figure 7, variation of electrical efficiency of the air fuel
heating (afh) cogeneration system with excess air rates for
different ambient temperatures. That is seen, the electrical
efficiency of the afh cogeneration plant increases with the excess
air rates about 85%. Also, decreasing the excess air ambient
temperatures from 308 K to 288K increases the electrical
efficiency about 7%.

In figure 8, variation of efficiency of the compressor of the
air fuel heating (afh) cogeneration system with excess air rates for
different ambient temperatures are given. It is concluded this,
increasing the excess air rates do not have a real effect on the
efficiency of the compressor. However, an increasing in the inlet
air temperature cause an increase in the efficiency of the
compressor. But decreases the overall cycle exergy efficiency.
The reason is, an increase in inlet air temperature cause an
increase in compressor work which decreases the turbine work
and electricity obtained.

e gfhCeff ———afhTeff afhHEeff afhCCeff == afhReff
095 ——————— e
—— |
09 +—— = - ——
5. 0,85 ———— === / I A S ) )
g /
2 ——
2 08l =
= /
H 0,75 — —
07 B 5 5 e A e A
\ f
0,65 ‘ ‘ 1
4 6 8 10 12 14 16

Compressing Ratio(r)

Fig. 5 Variation of efficiencies of the compressor, the turbine,
the combustion chamber and the heat recovery steam generator
of the air fuel heating (afh) system with compression ratio
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Fig. 6 Variation of exergy efficiency of the air fuel heating
(afh) cogeneration system with excess air rates for different
ambient temperatures.
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In figure 9, variation of efficiency of the turbine of the air fuel
heating (afh) cogeneration system with excess air rates for
different ambient temperatures are given. It is concluded those, an
increase in excess air rates affects an increase in the efficiency of
turbine about 12%. Also, decreasing the excess air ambient
temperatures from 308 K to 288K increases the turbine efficiency
about 0.7%.
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Fig. 7 Variation of electrical efficiency of the air fuel heating

(afh) cogeneration system with excess air rates for different
ambient temperatures.
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Fig. 8 Variation of efficiency of the compressor of the air fuel
heating (afh) cogeneration system with excess air rates for
different ambient temperatures.

In figure 10, variation of efficiency of heat exchanger of the
air fuel heating (afh) cogeneration system with excess air rates for
different ambient temperatures are given. That is concluded these,
an increasing in excess air rates cause an increase on efficiency of
heat exchanger of air fuel heating (afh) cogeneration system about
36%. Also, decreasing the excess air ambient temperatures from
308 K to 288K increases the heat exchanger efficiency about 3%.
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Fig. 9 Variation of efficiency of the turbine of the air fuel
heating (afh) cogeneration system with excess air rates for
different ambient temperatures.

4. Conclusions and Recommendations

The results showed that using air fuel heating (afh) system
in a basic cycle makes better than the basic one in electrical
efficiency. Also, the exergy efficiency of the afh plant is higher
than the bsc plant. The afh cogeneration system can be used when
the electrical demand increases for production more electricity or
for more efficiency. The performance like exergy efficiency,
electrical efficiency and devices efficiencies are depending on
excess air rates, compression ratio and atmospheric temperature,
importantly. For every device of the air fuel heating (afh) and
basic (bsc) cogeneration system, the energy and the exergy
analyses are done. The results of the calculations are given in
results section. The performance of the afh cogeneration plant is
depending on compression ratio, excess air rates and atmospheric
temperature. Less atmospheric temperature, more excess air rates
and higher compression ratio can increase the exergy efficiency
and electrical efficiency. Excess air rates and compression ratio
are very effective on the exergy and electric efficiencies so that
these two factors should be optimized. However, excess air rates
are very effective on the efficiencies and for 2.3 value of the
excess air rates gives the optimum. To obtain all optimum
working conditions, a thermodynamic and thermoeconomic
optimization must be studied. Also, for further studies in
optimizations of the cogeneration systems can found in the
literature (Jaluria, 2008; Karaali and Ozturk, 2015; Karaali and
Ozturk, 2017; Tozlu, 2021).
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Abstract

The use of the electrical energy is increasing in our life and in the world. The electrical energy is lost in the connection lines about 11%,
as it is known. By producing the electrical and the heat energy in a cogeneration system to meet the needs, it can be obtained more
efficiency in the use of fuel, and that can reduce energy costs. In a cogeneration cycle, by the absorption cooling system, the air entering
into the compressor is cooled, and the cooling is obtained from energy of the heat of the exhaust gases. The system in this study is
analyzed by using exergy analysis method and 1. and 2. laws of thermodynamics. Some of the heat energy is consumed to cool the air,
in this cycle and the remaining heat is used to produce steam. The performance analysis of the whole cycle and also the devices that
make up the cycle such as compressor, combustion chamber, turbine and heat exchanger were obtained and discussed. Also exergy
losses, exergy efficiency and other performance parameters of the devices were obtained and discussed. The results showed that using
absorption cooling (abc) system in a basic cycle made better than the basic one in electrical efficiency. However, because of the
absorption cooling (abc) system the exergy efficiency is slightly less than the basic one. The absorption cooling (abc) cogeneration
system can be used when the steam demand decreases or electrical demand increases for production more electricity.

Keywords: Cogeneration, Exergy, Absorption.

Giris Havasinin Absorpsiyonlu Sogutma Etkilerinin Temel

Kojenerasyon Sistemlerinde Ekserji Analizi

Oz

Elektrik enerjisinin kullanim1 hayatimizda ve diinyada giderek artmaktadir. Elektrik enerjisi bilindigi gibi baglanti hatlarinda yaklasik
%11 oraninda kaybolmaktadir. Bir kojenerasyon sisteminde elektrik ve 1s1 enerjisinin ihtiyaca cevap verecek sekilde tiretilmesi ile yakit
kullaniminda daha fazla verim elde edilebilir ve bu da enerji maliyetlerini azaltabilir. Bir kojenerasyon g¢evriminde absorpsiyonlu
sogutma sistemi ile kompresore giren hava sogutulur ve sogutma egzoz gazlarinin 1sisinin enerjisinden elde edilir. Bu ¢alismada sistem,
ekserji analizi yontemi ve termodinamigin 1. ve 2. yasalar1 kullanilarak analiz edilmistir. Bu ¢evrimde 1s1 enerjisinin bir kism1 havay1
sogutmak i¢in tiiketilir ve kalan 1s1 buhar iiretmek i¢in kullanilir. Tiim ¢evrimin performans analizi ve ¢evrimi olusturan kompresdr,
yanma odasi, tiirbin ve 1s1 esanjorii gibi cihazlar elde edilmis ve tartigilmistir. Ayrica cihazlarin ekserji kayiplari, ekserji verimliligi ve
diger performans parametreleri elde edilmis ve tartigilmistir. Sonuglar, temel bir ¢evrimde absorpsiyonlu sogutma (abc) sisteminin
kullanilmasinin, elektrik verimliliginde temel olandan daha iyi oldugunu gosterdi. Bununla birlikte, absorpsiyonlu sogutma (abc) sistemi

nedeniyle ekserji verimliligi, temel olandan biraz daha diisiiktiir. Absorpsiyonlu sogutma (abc) kojenerasyon sistemi, daha fazla elektrik
iretimi i¢in buhar talebi azaldiginda veya elektrik talebi arttiginda kullanilabilir.

Anahtar Kelimeler: Kojenerasyon, Ekserji, Absorpsiyon.
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1. Introduction

The use of electrical energy is increasing in our life and in
the world. The electrical energy is lost in the connection lines
about 11%, as it is known. By producing the electrical and the
heat energy in a cogeneration system to meet the needs, it can be
obtained more efficiency in the use of fuel, and that can reduce
energy costs. By using cogeneration system, most of companies
can secure to protect themselves for electricity cuts. Also, small
scale companies can be used in university campuses, hotels,
district heating systems, etc., (ASHRAE, 2000; Karaali, 2015).

In the industry most of the cogeneration plants are between
4 and 25 MW in size. Other cogeneration plants have more power
than 25 MW or less power than 4 MW which is said micro
cogeneration. That rate can be altered, month by month or on the
annual average. Electrical to heat ratio is approximately 1.0, for
the cogeneration plant driven by gas engine, approximately 0.6
for the cogeneration plant driven by gas turbine, and less than 0.4
for the cogeneration plant driven by steam power. The total
efficiency of a cogeneration plant is the sum of the heat energy
and electricity produced by the system to the fuel energy used. In
a good designed cogeneration plant, the energy efficiencies are
about 80-90% (Horlock, 1997). In cogeneration systems driven
by gas turbine, the exhaust gases temperatures are about 850-1550
OC. Exhaust gases temperatures depends to the kind of fuel used
into combustion chamber and on the compression rates. The
mechanical energy obtained in the turbine, and at the outlet of the
turbine the exhaust gases temperature decreases to 450-850 °C.
The steam is obtained in the HRSG from the heat energy of the
exhaust gas after the turbine (Karaali, 2015; Peters et al., 2003).

The first industrial gas turbines were used in industry in the
1950s and their designs were influenced by steam turbines and
aerodynamic designs. In the late 1950s and early 1960s,
lightweight gas turbines were modeled after aircraft engines and
were used in power generation, electricity generation, and
compression operations in pipelines. Industrial gas turbines are
similar to steam turbines with a compression ratio of 12:1,
combustion chamber outlet temperature 650-816 °C and shaft
efficiency between 23-27%. In the 1970s, second generation
industrial gas turbines were produced with a new approach and
shaft efficiency increased to 32-37%. In these, the combustion
chamber outlet temperatures have increased and the turbine
blades have been made more resistant to high temperatures
(Karaali, 2015; Peters et al., 2003).

Karaali and Oztiirk (2015), applied some improvement
methods for different situations considered for cogeneration
systems. These methods of preheating the combustion air and the
fuel, injecting the steam into the combustion chamber that
produced from the system, and cooling inlet air. In between those
methods, preheating the air and the fuel has very good electrical
power performance. In addition, the combination of steam
injection and preheating of fuel and air was also analyzed. With
comparing and combining different improvement methods, they
said that the preheating the combustion air and fuel method must
be chosen for a cogeneration cycle. In case of a thermal power
resource, steam injection method can be considered. For the
possibility of cooling the compressor inlet air that does not bring
much cost with the possibilities outside the system, it should be
included into the cycle (Karaali, 2015). However, if it is possible
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to inject water into inlet air of the system, absorbent cooling by
using some of the heat, or otherwise, in summer working
conditions, additional improvement can be possible (Karaali,
2015; Peters et al., 2003).

According to ASHRAE (2000), the altitude of the
cogeneration plant to be established, the humidity of the air and
the temperature of the average ambient air should be known. In
order to prevent NOx formation, demineralized water up to 2% of
its mass can be sprayed into the inlet air of the cycle or steam can
be injected into the combustion chamber. In addition, it is possible
to increase the power by injecting water vapor around 3% of its
mass into the compressor outlet air (ASHRAE, 2000).

Cooling the intake air increase the mechanical power and
reduces the electrical heat ratio by cooling the inlet air, the density
of the air is increased, which for most turbines where the
volumetric flow is constant, means increasing the incoming air
mass. As a cooling method, it can be applied by injecting water
particles into the incoming air (evaporative cooling), absorption
cooling or cooling by mechanical means. In evaporative cooling,
the density of the incoming air is increased with the injected water
particles, and the cooling of the incoming air is ensured by the
evaporation of these water particles. In ideal evaporative cooling,
the relative humidity of the air should be close to 100%
(ASHRAE, 2000; Karaali, 2015). Thus, the temperature of the dry
air is reduced by 5-15%. Mechanical cooling is done by chilled
water system (more expensive and larger devices), absorption
cooling system or direct mechanical cooling. Cooling the inlet air
of the compressor increase the mechanical power produced, and
reduces the heat power. Also, cooling the inlet air extends the life
of the turbine by decreasing the temperature of the exhaust gases
of the outlet of the combustion chamber (Karaali, 2015; Peters et
al., 2003).

Some factors affect the performance of the gas turbine
cogeneration cycles. These factors are altitude, ambient
temperature, ambient and turbine inlet outlet pressures. For every
10 OC increase of the inlet temperature decrease the mechanical
power produced are about 9%. The increase of 300 meters in
altitude decreases the mechanical power produced about 3.5%.
The pressure drops of the air pressure, for each kPa in the filters,
in the ducts or in the devices reduces the electrical power
approximately 2% and pressure loss in the sound breaker, flow or
combustion chamber, decreases the mechanical power about
1.2% (Karaali, 2015; Peters et al., 2003).

Elhanan (2006), examined the triple generation
(trigeneration) by using waste exhaust gases for absorption
cooling in his thermoeconomic analysis in his doctoral thesis. In
the combined heat power generation system, seven different
situations are considered for different compressor compression
ratios (8, 10, 12) and different natural gas fuel prices (0.15, 0.20,
0.25 $/m3) of the ammonia water-cycle absorption refrigeration
system. Considering this, he calculated that the system could pay
itself back in 7-9 years. In this study, no optimization was made,
but thermoeconomic analysis was performed (Elhanan, 2006).

2. Material and Method

A gas turbine cogeneration system’s main device is the gas
turbine. It can be seen in Figure 1, air is pressured in a compressor,
after that it is burned with the fuel in a combustion chamber. High
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temperature exhaust gases are produced at the outlet of the
combustion chamber give some of its energy in the turbine to
produce electricity by the generator. After that, most of its heat
energy passes to the water in the HRSG. By that way, electrical
energy from the generator and steam or hot water from the HRSG
is obtained at the same time.

The steam or hot water are used in drying, heating, or for the
process heat needs. Also, the steam or the hot water are used
sometimes for district heating, electricity production by using
steam turbines, absorption cooling, or other needs. By using and
adding some components like steam or water injection, heat
exchangers, recuperator, steam turbine added to the main
machine, or absorption cooling different systems can be obtained.
Also, by using different fluids like CO, as the working fluid,
different cycles can be obtained. In Figure 2 general diagram of
the case of using absorption cooling system in the basic
cogeneration system is given.

In Figure 2, the system that the air entering into the
compressor is cooled by the absorption device by using and driven
the heat of the exhaust is shown. In that system, some of the heats
are used to cool the air, the other heats are used to produce steam.

Water
7
HRSG Steam 3
>
<+— —
C.C
2 > 4
3
v
T )
9 \10

1 Air

Fig. 1 The diagram of the basic cogeneration system.

Absoption cocling
system

Fig. 2 General diagram of the case of using absorption cooling
system in the basic cogeneration system.
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Cogeneration plants consist some different components and
temperature, chemical composition and pressure changes happen
in those components. Also, in the combustion chamber a chemical
reaction are obtained. Assumptions made in the calculations and
in the analysis of the system in this study are as follows (Moran
et al., 2000; Jaluria, 2008). The system works in the continuous
regime, the laws of ideal gas mixture are applied to exhaust and
air. The fuel is Methane, and taken as ideal gas. Also, combustion
is complete, there are no NOx formation. There is no heat loss
except from the combustion chamber and are 2% of the fuel upper
calorific value. An open system that the properties of the matter is
uniformly distributed in each area of the control surface where
there is a mass exchange, and the heat and the work exchanges is
not change over time which are defined as continuous flow
continuous open. For open system and steady state, the first law
of thermodynamics,

. . . v,2 . CZ
QO — Wiy + X1y (hg +%+gzg)—zcmc(hc+"7+

92) =0 (1)
In steady state, the law of conservation of mass is,
Xy =Y m, (2)

In combustion the chemical energies are converted into
thermal energy. For this study it is assumed that the combustion
reaction takes place ideally and completely. It is also assumed that
the natural gas is methane gas to simplify the calculations. the
following chemical reaction is taken as a basis,

ACH, + (0.7748N, + 0.20590, + 0.0003C0, + 0.019H,0 —
(1 + A)(XNZNZ + X0202 + XCOZCOZ + XHZOHZO)

The minimum mass of air required to complete theoretical
combustion is called the stoichiometric amount of air. However,
for complete combustion more air than the theoretical amount of
air is always used. The excess air coefficient is the ratio of the
actual amount of air to the theoretical amount of air (Moran et al.,
2000; Bejan et al., 1996). Exergy or availability are theoretical
maximum value of the useful work. Which can be obtained if
equilibrium with the environment is achieved at the end of a
reversible process. It has two components, chemical and physical.
The perfect gas mixtures physical exergy can be written in molar
terms for mixed substances,

€phy = (E - flo)mix = To- (5 = S0)mix = i X [f; Epoi(T)dT -
1. (J7 %o_i(”dT—ElnIf—;)] @)

To T

The chemical exergies are maximum useful works which
can be obtained when a substance in the reference state (To, Po)
becomes thermodynamic equilibrium in terms of chemical
composition with its surroundings (Moran et al., 2000; Bejan et
al., 1996). The chemical exergy of the gas mixtures is,

€chem,mix = Zixi-échem,i +R. TO'Zixi' Inx; Q)

Thus, the total exergy of a flow or control mass can be
written as
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E= Ephy + Echem (6)

Table 1. The energy, the entropy and the mass equations of the
devices of the absorption cooling (abc) system (Moran et al.,
2000; Bejan et al., 1996; Horlock, 1997).

Component ~ Mass Energy Entropy
Equation | Equation |Equation
Compressor My =1, | gk + W 1My 81 = 1MyS,
=1,h, + Sgenc =0
Turbine My =iy mzhy TM3S3 = 1148,
=Wr+ W, + Sgenr =0
+ myh,
HRSG ms = M, mshs MsSs + 1My0S10
Ty + myohyo — M6Se
=My = mghe - m11511
+ my1hyy + Sgenrsc = 0
Combustion 1y + 10, | 1y hz}':‘ 1z hy 1,5, + 11757
=ms3 =msh3 —Mm3S3
Chamber +0.02m;LHV |+ Spencc =0
Overall Cycle hi = f(T})
S5 =fTuP)

mairhair + mfuelLHVCH4 - QLoss,CC
- meg.,uutheg.,uut - WT
— Mgsteam (hwater,in

- hsteam,aut) =0

QLoss,CC = O-OszuelLHVCIM

Table 2. Exergy equations, and exergy efficiency equations of the
devices of the absorption cooling (abc) cycle (Moran et al.,
2000; Bejan et al., 1996; Horlock, 1997).

Component [Exergy Exergy Efficiency
[Equation

Compressor Epe _ Eourc = Einc

B+ W, Mexe = =

- EZ
Turbine Epy  Wheer + W

= E:3 - Ez} Texr = Einr = Eoutr

—We=Wr
HRSG Ep nrsc Nex,HRSG

= Es - Eg; _ Esteam,HRSG - Ewater,HRSG

+ Em — E11 Ein exhaust HRSG Eaur exhaust,HRSG
Combustion Epcc I
Chamber =E+E Mexce =g+ Efuer

—_ E3

E=E,,+Eq
Overall Exergy Epp, = 1(h = ho = To(s — o))
cycle efficiency | g, = %{Z x. 85" + RT, Z Xy lnxk}
nex . . .
— Wnet,T + (Esteam,HRSG - Ewater,HRSG)
Efuel

Exergy equation for open systems (input and output mass
quantities are equal to each other) is,

W= Eloss @)

In table 1, energy, entropy and mass equations of the devices
of the absorption cooling (abc) system are given.

In table 2, the exergy, and the exergy efficiency equations of
the devices of the absorption cooling (abc) system are given.
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3. Results and Discussion

In Figure 3, variation of exergy efficiency and electrical
efficiency of the absorption cooling (abc) and basic cogeneration
system with compressing ratio are given. As can be seen that,
performance of the absorption cooling (abc) system is better than
the basic one. The exergy efficiency of the absorption cooling
(abc) and the basic systems are almost the same. However, the
electrical efficiency of the absorption cooling (abc) is higher than
the basic cogeneration system about 4-5%. Since the heat energy
of the exhaust’s gases are used for cooling the inlet air of the cycle
the exergy efficiency of the absorption cooling (abc) system is
slightly less (about 0.2%) than the basic cycle.
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Fig. 3 Variation of exergy efficiency and electrical efficiency
of the absorption cooling (abc) and basic cogeneration system
with compressing ratio.
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Fig. 4 Variation of exergy efficiency and electrical efficiency
of the absorption cooling (abc) system with altitudes.

In Figure 4, variation of exergy efficiency and electrical
efficiency of the absorption cooling (abc) system with altitudes
are given. As it is showed those, exergy efficiency and electrical
efficiency are decreasing with increasing altitudes. From zero
meters to 3000 meters the decreases in exergy efficiency are from
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0.462 to 0.4105 which means about 11% decrease. Also, from
zero meters to 3000 meters the decreases in electrical efficiency
are from 0.3092 to 0.2314 which means about 25% decrease. The
reasons of these decreases are the altitude increasing, decreases
the density of the air so the compressor work increases.

In Figure 5, variation of the efficiencies of the compressor,
the turbine, the combustion chamber, and the heat recovery steam
generator of the absorption cooling (abc) system with altitudes are
given. From zero meters to 3000 meters the decreases in
efficiency of the compressor are from 0.9216 to 0.8218 which
means about 11% decrease. The alteration in the efficiency of the
turbine can be neglected. But, from zero meters to 3000 meters
the decreases in the efficiency of the combustion chamber are
from 0.9216 to 0.8218 which means about 1% decrease, and the
decreases in the efficiency of the HRSG are from 0.6706 to 0.6463
which means about 3.6% decrease.
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Fig. 5 Variation of efficiencies of the compressor, the turbine,
the combustion chamber, and the heat recovery steam generator
of the absorption cooling (abc) system with altitudes.

In Figure 6, variation of the exergy efficiency and electrical
efficiency of the absorption cooling (abc) system with
compression ratio are given. As it is showed this, the exergy
efficiency also the electrical efficiency is increasing with the
increasing compression ratio. The increasing in the exergy
efficiency is from 0.4304 to 0.4766 which means about 11%
increase, and the increasing in the electrical efficiency is from
0.2614 to 0.3313 which means about 26% increase.

In Figure 7, variation of the efficiencies of the compressor,
the combustion chamber, the turbine and the heat recovery steam
generator of the absorption cooling (abc) system with
compression ratio are given. As can be seen that, increasing from
5 to 16 the compression ratio increases the efficiency of the
compressor from 0.9113 to 0.9348 which means about 2.6%
increase. The alteration in the efficiency of the turbine is from
0.9775 to 0.8881 which means about 9% decrease. The reason is
more work are spending for compressing which is decreasing the
turbine obtained work. However, increasing from 5 to 16 the
compression ratio increases the efficiency of the combustion
chamber from 0.6535 to 0.7559 which means about 16% increase,
and the increases in the efficiency of the HRSG are from 0.6535
to 0.6782 which means about 3.8% increase.
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Fig. 6 Variation of exergy efficiency and electrical efficiency
of the absorption cooling (abc) system with compression ratio.

In Figure 8, variation of the exergy efficiency of the
absorption cooling (abc) system with excess air rates for different
compression ratio are given. It is seen that, increasing the
compressing ratio from 5 to 16 makes the exergy efficiency an
increase for the absorption cooling (abc) cycle about 9%.
However, increasing the value of the excess air rates from 1.3 to
3.5 give a maximum exergy efficiency of 0.4804 at excess air rate
about 2.1. That point is the optimum excess air rate that the system
must run.

In Figure 9, variation of the compressor efficiency of the
absorption cooling (abc) system with excess air rates for different
compression ratio are given. As can be seen that, the increases in
the excess air rates from 1.3 to 3.5 does not make any effect on
the compressor efficiency. However, the increases in the
compression ratio from 5 to 16 increases the absorption cooling
(abc) system’s compressor efficiency about 2%.
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Fig. 7 Variation of efficiencies of the compressor, the
combustion chamber, the turbine and the heat recovery steam
generator of the absorption cooling (abc) system with
compression ratio.
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Fig. 8 Variation of the exergy efficiency of the absorption
cooling (abc) system with excess air rates for different
compression ratio.

In Figure 10, variation of the combustion chamber efficiency
of the absorption cooling (abc) system with excess air rates for
different compression ratio are given. It is shown that, combustion
chamber efficiency is increasing (about 5-8%) with the decreasing
excess air rates and is increasing (about 7-13%) with compression
ratio.
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Fig. 9 Variation of the compressor efficiency of the absorption
cooling (abc) system with excess air rates for different
compression ratio.

In Figure 11, variation of the turbine efficiency of the
absorption cooling (abc) system with excess air rates for different
compression ratio are given. It is shown that, the turbine
efficiency is increasing (about 9-22%) with the increasing excess
air rates and is increasing (about 0-12%) with compression ratio.

In Figure 12, variation of the heat recovery steam generator
efficiency of the absorption cooling (abc) system with excess air
rates for different compression ratio are given. It is shown that,
the HRSG efficiency is increasing (about 39%) with the
increasing excess air rates and is increasing (about 1%) with
compression ratio.
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Fig. 10 Variation of the combustion chamber efficiency of the
absorption cooling (abc) system with excess air rates for
different compression ratio.
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Fig. 11 Variation of the turbine efficiency of the absorption
cooling (abc) system with excess air rates for different
compression ratio.
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Fig. 12 Variation of the heat recovery steam generator efficiency
of the absorption cooling (abc) system with excess air rates for
different compression ratio.
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4. Conclusions and Recommendations

The results showed that using absorption cooling (abc)
system in a basic cycle made better than the basic one in electrical
efficiency. However, because of the absorption cooling (abc)
system the exergy efficiency is slightly less than the basic one, the
absorption cooling (abc) cogeneration system can be used when
the steam demand decreases or electrical demand increases for
production more electricity. For every device of the absorption
cooling (abc) cogeneration system’s energy and exergy analyses
are done. The results of the calculations are given in results
section. The performance of the absorption cooling (abc)
cogeneration system is depending on altitudes, compression ratio,
excess air rates and atmospheric temperature, mainly. Less
atmospheric temperature, less altitudes and higher compression
ratio can increase the exergy efficiency and electrical efficiency.
However, excess air rates and compression ratio are very effective
on the efficiencies and for excess air rates, 2.1 excess air rate value
gives the optimum so that these two factors should be optimized.
For all optimum working conditions, a thermodynamic and
thermoeconomic optimization should be done. Further studies in
these optimizations can found in the literature (Karaali and
Ozturk, 2015; Jaluria, 2008; Tozlu, 2021; Karaali and Ozturk,
2017).
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Oz

Dordiincii Sanayi Devrimi dogrultusunda hayata gegirilen dijital teknolojiler ve uygulamalar tiim sektdrlerde dijital doniigiimii
gereklilik haline getirmistir. Bu doniisiimiin tiim iilkeler i¢in dncelikli ve kritik olarak goriilen askeri alana yansimasi da kagimilmazdir.
Diinyanin 6nde gelen ordulari, savunma ve saldiri sistemlerini ileri seviyelere ¢ikarmak, diisman karsisinda galip gelmek ve savas

alanindaki can ve mal zayiatlarina en az seviyelere indirebilmek i¢in dijital teknolojilere yatirim yapmaktadir. Savunma alanindaki
dijital yatirimlar kiiresel gii¢ parametrelerini degistirebilme potansiyeline sahip niteliktedir.

Konunun 6nemi g6z &niinde bulundurularak bu ¢alismada askeri alanda hayata gecirilen Endiistri 4.0 uygulamalarinin arastirilmasi
amaglanmistir. Temmuz — Ekim 2022 tarihleri arasinda gergeklestirilen arastirmada konu kapsaminda akademik yayinlar ile kamu ve
0zel sektor kuruluslarinin internet kaynaklari incelenmistir. Elde edilen bulgulara gore askeri alanda egitim ve savunma faaliyetlerinde
Endiistri 4.0 uygulamalarindan; arttirilmig gergeklik, simiilasyon, otonom robotlar, insansiz hava araglart ve biiyiikk veri
kullanilmaktadir. Gelecek yillarda farkli Endiistri 4.0 araglarinin da yeni uygulamalar ile askeri egitim ve operasyonlarda hayata
gegirilecegi ongorilmektedir.

Anahtar Kelimeler: Endiistri 4.0, Dijital Doniisiim, Askeri Alanda Dijitallesme, Artirilmis Gergeklik, Drone, Robot.

Industry 4.0 Applications in Military Area

Abstract

Digital technologies and applications implemented in line with the Fourth Industrial Revolution have made digital transformation a
necessity in all sectors. It is inevitable that this transformation will reflect on the military field, which is seen as a priority and critical
for all countries. The world's leading armies invest in digital technologies in order to improve their defense and attack systems, to be
victorious against the enemy, and to minimize the loss of life and property on the battlefield. Digital investments in military area have
the potential to change global power parameters.

Considering the importance of the subject, it is aimed to investigate Industry 4.0 applications implemented in the military area in this
study. In the research carried out between July and October 2022, academic publications and internet resources of public and private
sector organizations were examined. According to the findings, Industry 4.0 applications in military training and defense activities;
augmented reality, simulation, autonomous robots, unmanned aerial vehicles and big data are used. It is foreseen that different
Industry 4.0 tools will be implemented in military training and operations with new applications in the coming years.

Keywords: Industry 4.0, Digital Transformation, Digitalization in the Military Area, Augmented Reality, Drone, Robot.
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1. Giris

Diinyada yasanan dordiincii sanayi devriminin tanimlanmast
amactyla kullanilan Endiistri 4.0 kavramu bir ¢ok dijital teknoloji
ve uygulamayr beraberinde getirmektedir. Her sektor farkli
diizeyde bu dijital doniisiimden etkilenecek olup bu dogrultuda
yatirimlar gergeklestirmektedir. Bu dogrultuda her isletme kendi
ihtiyaglar1 dogrultusunda yeni dijital araglar hayata gecirmekte
veya gelecege  yonelik  dijitallesme  yol  haritalari
tanimlamaktadir.

Dijital araclar Diinya genelinde kamu ve 6zel miilkiyete ait
farkli sektorlerde farkli diizeylerde kullanim alani bulurken
avantajlar1 konusunda da arastirmalar devam etmektedir. Tim
sektorlerde oldugu gibi askeri alanda da dijital doniisiim
konusunda birgok farkli uygulama hayata gegirilirken 6zellikle
strateji gelistirme ve operasyonel faaliyetlerde Endiistri 4.0
araglart kullamilmaktadir. Bunun yaninda savas ve muharebe
egitimlerinde de dijital teknolojiler yogun bigimde yer
almaktadir  (Wassom, 2014). Dijital teknolojiler ile
gerceklestirilen  egitimlerde gercek mithimmat kullanimina
ihtiya¢ duyulmamasi hem maliyet hem de emniyet acisindan
avantajlar sunmaktadir.

Diger bir askeri uygulama, komuta merkezlerinin savag
esnasinda uzaktan gorsel ¢oziimleme ile izlenmesi ve kuvvetler
arasinda bilgi aligverisi gergeklestirilmesidir. Harekat bolgesinin
hareket kabiliyetinin olmamasi durumunda insansiz hava araglari
ile hedeflerin gozlenebilmesi ve gereken durumlarda imha
edilebilmesi, tuzaklanmig bombalarin otonom robotlar ile can
kayb1 riskinin yok edilerek imha edilebilmesi Endiistri 4.0
uygulamalarinin bu kapsamda sundugu avantajlar arasindadir.

2. Materyal ve Metot

Arastirmanin amact tim Diinya’da koklii bir degisim ve
doniisiime neden olan Endiistri 4.0 teknolojilerinin yine tiim
iilkeler igin kritik dnemde olan askeri alandaki uygulamalarinin
tanimlanmasidir. Bu dogrultuda Temmuz — Ekim 2022 tarihleri
arasinda askeri uygulamalar, savunma sanayi, Endiistri 4.0 ve
dijital teknoloji anahtar kelimeleri kullanilarak akademik
yayinlar, kamu ve 6zel sektor kuruluglarinin internet kaynaklar
kapsaminda arastirma gerceklestirilmistir. Askeri alanda kritik
onemde olan egitim faaliyetlerinin etkinliginin arttirilmasi,
strateji gelistirme ve operasyonel faaliyetlerin gelistirilmesi
amactyla kullanilan dijital teknolojilerin neler oldugu
tanimlanmuistir.

3. Arastirma Sonuclar1 ve Tartisma

Savaglar ve gatigmalar tiim toplumlar i¢in tehlikeli ve yikici
sonuglara yol agmaktadir. Tiim toplumlar bu sonuglar1 en aza
indirebilmek igin stratejiler gelistirirken teknolojik uygulamalara
da yatirrm yapmaktadirlar (Van Creveld, 2010). Askeri alanda
kullanilan teknolojiler savas durumundaki bireylere bulunduklar
ortamda karsilarina ¢ikabilecek engeller ile bas edebilme imkani
saglamak hedefindedir (Fairclough, 2018). Askeri otoriteler
savas ve operasyonlarda karsilagacaklari zorlu gorevleri icra
edebilmek ve bu gorevlere iliskin verileri egitimlerinde
kullanmak iizere yeni teknolojilerle entegre edilmis sistemlerin
ve araglarin gelistirilmesi yoniinde calismalar yiiriitmektedirler
(Livingston vd., 2011).
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Teknolojik gelismeler, savunma sanayi ekonomisinin
gelismesindeki en temel yapi tasidir. Ordular tarafindan savas
kabiliyeti, farkindalik, stratejik / taktik planlama faaliyetleri gibi
askeri sistemlerin yeni teknolojiler ile daha etkin bir bigimde
kullanilmas1 amaglanmaktadir. Bu sebeple rakiplerine iistiinlitk
kurmak isteyen devletler, ordularini teknolojik sistemler ve
araclar ile donatma, donattiklar1 bu sistemleri de siirekli olarak
gelistirme gayesi icerisindedirler (Meydan, 2015).

Askeri birlikleri en etkin sekilde yonetmek, muharebe
esnasinda karar verme giiclinii arttirmak, askerlerin bilgi, beceri,
kabiliyetlerini arttirmak ve tecriibelendirmek i¢in bir¢ok farkli
dijital teknoloji kullanilmaktadir. Bu ¢alismada giiniimiizde en
yaygm  kullanilan  askeri uygulamalar olan;  egitim
simiilasyonlari, artirilmig gergeklik, otonom robotlar, biiylik veri
ve analitik ortam, dijital siber giivenlik bagsliklar1 kapsam
dahiline alinmistir.

3.1. Artirilmis Gerg¢eklik (Augmented Realty / AR)

AR  (Artinlmis  Gergeklik  /Augmented  Realty),
kullanicilarin  gorsel alanimi artirmak ig¢in dijital bilgilerin
kullanildig1 teknoloji olup, diinya ile irtibatin koparilmadigi,
dijital bilgi ve verilerin ger¢ek diinya ile entegre edildigi bir
ortamdir (Icten&Bal, 2017). AR askeri egitimlerde kullanilan
onemli uygulamalardan biridir (Wassom, 2014). Giindelik
yasami ve bircok alani etkileyen AR, Silahli Kuvvetler
tarafindan silah sistemlerinin gelistirilmesi g¢aligmalarinda da
kullanilmaktadir (ThinkTech STM, 2018). Askeri alanda AR
arastirmalar1 agagida belirtilen alt bagliklarda ele alinmaktadir:

3.1.1. Harekdit Ortaminda Artiridmis Gergeklik

Elektronik giyilebilir askeri esyalar, artirilmig gergeklik
teknolojisinin gelecekteki en onemli ekipmanlari arasinda yer
almaktadir. Dijital sensorler, akilli gozlikler ve haberlesme
cihazlar1 egitim asamasinda operasyonlara katilan askerlerin
gorev kabiliyetlerini daha ileri seviyeye ¢ikarmakta, anlik bilgi
ve analizlerinin komuta ve kontrol merkezi ile paylagilmasini
saglanmaktadir [8] (Baysal, 2020). DST (Dismounted Soldier
Training System / Indirilmis Asker Egitimi), bu egitimler igin
gelistirilmis bir uygulama olup stratejik ve egitici oyun tabanl
askeri egitim sistemidir. Dijital egitime katilan askerler DST
sisteminde gercege yakin bir savas senaryosunda kendilerine
verilen emir ve gorevleri yerine getirmektedir. Bu egitimler
gercek bir mekanda kapali ve kiigiik bir alan igerisinde
yapilmakta olup sanal olarak daglik, ormanlik, ¢61 ve arazilerde
gerceklestirilen tatbikatlardir. Egitimdeki askerler, egitimdeki
sanal ortami gorebilmek, catisma aninda meydana gelen sesleri
duyabilmek ve aym anda takim arkadaslariyla irtibata
gecebilmek  icin  giyilebilir  ekipmanlar ve  silahlar
kullanmaktadirlar (Flores, 2013).

Sekil 1’de arttirilmis gerceklik ile gerceklestirilen bir askeri
egitime iliskin gorsel sunulmustur.
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Sekil 1. Artirilmig Gergeklik ile Egitim Yapan Askerler
(ThinkTech, 2018)

3.1.2. Komuta Merkezli Taktiksel Ortam

Holografik Taktik Kum Havuzu (Holographic Tactical
Sandbox / HTS) savas ve tatbikat bolgesini holografi olarak
artinlmis  gergeklik dijital gozliiklere aktaran operasyon,
planlama, taktik sistemi olup harekatlarin planlamasi ve icra
edilmesi asamasinda komuta yoOnetim kademesi tarafindan
kullanilmaktadir. Savas alaninin cografi verileri, sehir yerlesim
planlari ele alinarak dost ve diigman birliklerinin yerlesimlerine
gore planlama yapilabilmekte, operasyon aninda tiim hareketler
anlik olarak goriintiilenebilmekte, izlenebilmekte ve analiz
edilebilmektedir. Gelen bilgilere gore komuta kademesinin
fikirleri, goriisleri ve bakis agilart analiz edilip ¢ikan sonuglara
gore  goriintiiler  olusturulmakta ve Dbir koordinasyon
merkezindeki masa basinda belirli bir merkeze bakilarak
operasyon yonetilmektedir. HTS, arttirilmis gerceklik, giyilebilir
teknolojiler ve yiiksek kalitede ¢oziiniirliige sahip {i¢ boyutlu
goriintiileme sistemlerinden olusmaktadir. HTS de otomatik veri
esleme ve komuta gorevleri i¢in Airbus Fortion ® TacticalC2 ve
Microsoft’un HoloLens yazilimlar1 kullanilmaktadir (Palladino,
2019). Tirkiye’de HAVELSAN tarafindan gelistirilmis olan
ASGER (Holografik Komuta Kontrol Sistemi)’de benzer amaca
hizmet etmektedir. Sekil 2’de gorseline yer verilen ASGER,
biitiin egitimlerde ve savas hazirligi (planlama, yonetim, analiz)
asamalarinda kullanilabilecek temel verileri analiz edip, Kara,
Deniz ve Hava Kuvvetlerinin savastaki istek ve ihtiyaglarina,
ozel holografik komuta kontrol sistemleri vasitasiyla destek
verecek niteliktedir (Havelsan, 2020a).

Sekil 2. ASGER (Holografik Komuta Kontrol Sistemi)
(Havelsan, 2022a)

3.1.3. Ugak Bakim Egitim Ortaminda Artirilmig

Gergeklik

Askeri ugaklarin ariza ve bakim ihtiyaglarinin tespiti ve
arizalarm giderilmesi i¢in de arttirtlmig gergeklik uygulamalari
kullanilmaktadir. Bakim personeli, AR gozliigiini kullanarak
bakim egitimleri verilebilir, bakim kayitlar1 arsivlenebilir, bu
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kayitlara hizli bir bigimde ulasilarak ariza durumunda etkili
kararlar gelistirilebilir. Bakima iliskin tiim iglem ve kullanilan
malzemelere iligkin bilgi havuzu olusturulmasi ve ugus
oncesinde ugagin elverisliliginin kontrolii agisindan da artirilmis
gergeklik 6nemli avantajlar sunmaktadir (Erkoyuncu, Alrashed,
Dalle Mura, Roy & Dini, 2016). ABD Hava Egitim ve Ogretim
Komutanligt (AETC), AR gozligi kullanarak ugak bakim
teknisyenlerinin bilgi ve becerilerini gelistirmek icin egitimler
gerceklestirmektedir. Bu kapsamda envanterinde bulunan tiim
ucaklar i¢in dijital egitim verilen ucak hangarlari, gelismis AR
ozellikli tam teghizatli egitim ara¢ ve geregleri ile caligmalar
yiiriitmektedir (Eginli&Nacakli, 2020).

Sekil 3’de AR teknolojisinin ugak bakiminda kullanilmasina
iliskin gorsel sunulmustur.

Sekil 3. Ugak Bakimlarinda Kullanilan AR (Kara, 2020)

3.2. Simiilasyon Egitimi

Simiilasyon egitiminde kullanilan uygulamalar, teori ve
realite arasinda bag kurulmasm saglayan, psikomotor
becerilerin, baski ve stres altinda karar verme, kritik diisiinme
gibi davraniglar1 gelistirildigi uygulamalardir (Chronister &
Brown, 2012). Simiilasyon egitimleri ii¢ temel agsamadan
olusmaktadir;

—  Uygulama 6ncesi bilgilendirme / 6n bilgilendirme,
—  Simiilasyon uygulamasi,
—  (Coziimleme ve analiz.

On bilgilendirme sathasinda egitime katilanlara simiilasyon
hakkinda bilgi verilerek simiilasyon asamasinda kullanacaklari
alet ve ekipmanlar tamtilmaktadir. Simiilasyon uygulama
asamasi, egitilenlerin yeterliliklerini arttirmak igin egiticilerin
belirledigi kurallar ve talimatlar dogrultusunda yeteneklerini icra
ettikleri asamadir. Simiilasyon egitiminin son agamasi olan
¢ozim ve analiz safhasi simiilasyon egitiminin uygulamasi
sonrasinda egitilenlerin edindigi deneyimlerin ve kazanimlarin
egitici ve rehber tarafindan degerlendirilmesidir (Cant &
Cooper, 2011). Sekil 4’de ugus simiilatoriine iligskin gorseller
sunulmustur.
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Sekil 4. Savas Ucag1 Simiilatér Egitimi (Havelsan, 2020b)

Ugus egitimlerinde ucak simiilatdrlerinin kullanilmasi, kaza,
hayati tehlike ve kayip olasiliklarimi ortadan kaldirmaktadir.
Kayiplar1 azaltarak maliyetleri de diigliren simiilatorler sayesinde
egitilenlerin acil durum ve inis — kalkis durumlarinda karar
verme yeterlilikleri gelistirilmektedir. Simiilator egitimindeki bir
ucusta, ger¢ek ucuslara dair hayati risklerin 6n planda oldugu
sartlarda, pilotlar hata yapma egilimine sahiptir. Riskleri ortaya
¢ikarmak, analiz etmek ve minimize etmek amaciyla simiilasyon
egitimi yapmak, risklerin nasil ortadan kaldirilacaginin
ogrenilmesinde ¢ok etkilidir. Pilotlara uygulan ugus simiilator
egitimi, gercek ucakla yapilan ucusa gore daha az stresli bir
ortamda yapilmasi nedeniyle ucus aninda acil uygulama
prosediirleri egitimi i¢in hizli, gilivenli ve etkili bir egitim
metodu olarak goriilmektedir (Havelsan, 2020b).

3.3. Gelismis Otonom Robotlar

Otonom robotlar, belirlenmis isleri yapma ozelligi olan
robotlarin haricinde, belli bir zekaya sahip olan robotik
sistemleri tanimlamak i¢in kullanilmaktadir. Gelismis otonom
robotlar, elektronik sistemler igindeki yerleri ve sahip olduklar
teknoloji diizeyi degerlendirildiginde gelecekte hayatimizda
onemli bir yere sahip olacaklar1 6ngériilmektedir (Yazici, 2016).
Askeri alanda otonom sistem robotlar, savunma ve hizli karar
verme gibi alanlarda kullanilmaktadir. Otonom sistem, hareketli
nesneye karst taktik gelistirme hususunda siiratle karar
almaktadir. Ornegin firlatilan fiize, dijital ortama yapilan siber
saldir1, elektronik savas aracinin Onlenmesi veya ateslenmesi
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gibi  faaliyetler = otonom  sistem  robotlar tarafindan
yiiriitilmektedir (Yilmaz, 2018). Giiniimiizde her sektorde agir
ve tehlikeli isleri yiirlitmek amaciyla kullanilan otonom robotlar
askeri alanda da gesitli uygulamalar ile yer almaktadir:

3.3.1. Insansiz Hava Araclari ve Dronlar

Insansiz hava araglart (IHA), icinde insan olmayan
ucaklardir. IHA’larin ucusu bir insan kontrolér aracihiryla
uzaktan kumanda veya bir otomatik pilot olarak adlandirilan
sabit bilgisayarlar tarafindan otonom olarak
gergeklestirilmektedir (Sharma vd., 2020). Sekil 5’de askeri
alanda kullanilan IHA lara iligkin 6rnek gorseller sunulmustur.

[HA:
Insansiz
hava
aract

DIHA:
Dikey
insansiz
hava
araclt

DRONE

Sekil 5. Askeri alanda kullanilan insansiz hava araglar1 6rnekleri
(www.baykartech.com.tr, E.T.: 24.10.2022)

Giiniimiizde teknolojik gelismeler ile birlikte THA’larm
kullanim alanlart sivil ve askeri alanda siirekli genislemektedir
(Dikmen, 2015). IHA’lar zorlu sartlarda en &nemli ve zahmetli
gorevleri icra edebilmesinden dolayr goézlemleme, inceleme,
istihbarat ve kesif gorevlerinin en 6nemli pargasi niteligindedir.

3.3.2. Bomba Imha Otonom Robotlart

Bomba Imha Robotu (BIR) el yapimi bomba patlayicilarim,
zorlu ve elverigsiz kosullar altinda, canli giivenligini tehlikeye
atmamak i¢in patlayictyr giivenli bir mesafeden etkisiz hale
getirilmesi  i¢in  gelistirilmis taginabilen, yiliksek hareket
kabiliyetine sahip bir iriindiir (Aselsan, 2022a). UNICEF’e gore
her yil savag sirasinda tarim arazileri ve igilebilir ve sulama
kaynaklarma ve etraflarina konulan mayinlar ve patlayicilar
diinya genelinde 20.000’e yakin kisiyi ya 6ldiirmekte ya da sakat
birakmaktadir. Afganistan, Suriye, Libya ve Irak gibi iilkelerin
savag alanlarindaki yollara ve yerlesim yerlerine tuzak olarak
kurulan el yapimi patlayicilar (EYP) ve maymlar askeri
personelin  hayatim1 tehdit eden Onemli unsurlardir (Kara,
2020).Bu olumsuz sonuglar ortadan kaldirmak i¢in bomba imha
operasyonlarinda robotlarin kullanilmasi1 6nemli avantajlar
sunmaktadir. Tiirk Silahli Kuvvetleri tarafindan kullanilmakta
olan Bomba Imha Robotu ERTUGRUL Sekil 6’da
gosterilmistir.
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Sekil 6. Bomba Imha Robotu (Aselsan, 2022b)

3.4. Biiyiik Veri & Analitik Ortam

Biiytik veri, karmasik ¢oziimlere ileri diizeyde anlam
kazandirilmas: ve stratejik ve taktik kararlarin alinmasi igin
gerekli Dbilgilerin teminine imkin saglamaktadir (Aselsan,
2022b). Silahli Kuvvetlerde veri analitigi kavrami biiyiik 6lgtide
istihbarat  alaminda  kullanilmaktadir.  Istihbarat,  dijital
frekanslarin ve yayinlarin saptanmasiyla yabanci bir ortam ya da
sahislardan maksatla ilgili eylem, ama¢ ve becerilerin elde
edilmesidir. ~ Sinyal istihbaratt {i¢ alt katman altinda
toplanmaktadir Bunlar (Dilek, 2019);

— Tletisim sistemlerinden elde edilen muhabere istihbarat:
(COMINITY)

— Radar ve silah sistemlerinden elde edilen elektronik
istihbarati (ELINITY)

— Test edilen ve gelistirilmekte olan silah sistemlerinden
elde edilen yabanci iilke o6lgme cihazlart  sinyal
istihbaratlar: (FISINITY ) dir.

Diinyanin 6nde gelen ordularimin savas ugaklar, 2000’li
yillarin baglarindan itibaren gorev icra etkinligini arttirmak
maksadiyla teknolojik diizeyi arttirilmis sensorler, IR sistemler,
radar, ag terminalleri, taktik ve analiz igeren dijital ekranlar,
giyilebilir ekipmanlar, nesnelerin interneti ve yapay zeka gibi
Endiistri 4.0  teknolojilerini  operasyonlarina  entegre

etmektedirler. Bu askeri ortamlarda iiretilen ¢ok biiyiik hacimde
ve cesitli boyutlardaki veri, yer mekanizmalarina ivedi ve
giivenilir iletisim araglariyla iletilerek, analiz edilmekte ve karar
verme siireclerinde hayat kurtarici bilgilere doniismektedir [24].
Sekil 7°de veri analizi ile yonetilen bir harekata iligkin gorsele
yer verilmistir.

Sekil 7. Veri Analizi ile Yo6netilen Harekat (www.21yyte,org,tr,
E.T.: 18.10.2.22)
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3.5. Dijital Doniisiimde Siber Giivenlik

Dijital teknolojilerin gelismesiyle birlikte siber tehditlerde
de 6nemli artiglar yasanmistir. Siber suclular giiclii saldirilarla
sehirlerin elektrik enerjilerini kesmek, iilke yOnetiminde
kullanilan dijital teknolojiyi ¢okertmek, askeri techizatlara zarar
vermek ve ulusal giivenlik sirlarina sizmak gibi bircok saldiri
yontemi uygulamaktadir (ThinkTech, 2018). Siber giivenlik,
yontemlerin, aglarin, planlamalarin ve olgularm cesitli
uygulamalar, teknolojik aletler ve kontrol yontemleriyle siber
saldirilara karsi koruma altina alimmasidir. Siber giivenligin
temel gayesi sistemlerin, elektronik aglarin ve teknolojilerin
izinsiz eylemlere karsi yetersizlikten tahaffuzunu saglamak ve
siber saldir1 risklerini en diigiik seviyeye indirmektir (De Groot,
2022). Tiurk Silahli Kuvvetleri dijital saldirilar1 engellemek
adma SISAMER (Siber Savunma Harekdt Merkezi) projesini
hayata gecirmistir.

4. Sonug¢

Kiiresellesme ile ortaya ¢ikan ekonomik ve siyasi gelismeler
tilkelerin askeri alanda yiiriittiikleri politika ve uygulamalar
onemli Olglide etkilerken temel yetkinliklere odaklanma, dis
kaynak kullanimi ve igbirlikleri 6n plana ¢ikarmaya baslamistir
[5]. Bu degisime paralel olarak dordiincii sanayi devrimi
dogrultusunda teknolojide yasanan biiyiik ve hizli degisim askeri
uygulamalar1 6nemli Ol¢lide etkilemis ve iilkeler arasinda
muharebe bi¢imlerinde dahi degisiklikler dogurmustur. Bu
calismada askeri alanda hayata gegirilen Endistri 4.0
uygulamalar1 akademik yayimlar ve uygulayicilarin internet
kaynaklarindan edinilen bilgiler dogrultusunda tanimlanmistir.
Yapilan aragtirmaya gore; arttirilnus gerceklik, giyilebilir
teknolojiler, simiilasyon, gelismis otonom robotlar, bomba imha
robotlart ve Dbiiylik veri askeri alanda aktif olarak
kullanilmaktadir. Bu uygulamalarin tamami egitim, bakim ve
operasyon maliyetlerini azaltma, verimlilik ve etkililigi arttirma,
karar verme giiclinii gelistirme gibi avantajlar sunmanin yan1 sira
en 6nemli faktor olarak goriilen insan zaiyatini azaltma imkani
sunmaktadir. Gelecekte de gelisen Endiistri 4.0 uygulamalarinin
askeri alana ozellestirilecegi ongoriilmektedir.
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Oz

Giliniimiizde diinya niifusunun hizla artmasina bagli olarak enerji gereksinimi artmis ve dogal kaynaklar bu tiikketimi kargilayamayacak
seviyelere yaklagsmistir. Diinya iizerinde kullanilan enerjinin %30-40’1nin binalarda tiiketildigi bilinmektedir. Kullanilan bu enerjinin
biiyiik bir kismimnin fosil kaynaklardan elde edilmesine bagh olarak atmosfere salinan kirletici gazlarin ve son zamanlarda kentlerin
yiiz yiize kaldig1 kentsel 1s1 adasi etkisinin artis gosterdigi goériilmektedir. Bu sorunlarin minimuma indirilmesi i¢in bina dlgeginde
gerceklestirilen bazi stirdiiriilebilir uygulamalar mevcuttur. Catilar, yapilar1 dig ortam kosullarindan koruyan en 6nemli yap1 bilesenleri
olmalarinin yan1 sira binalardaki enerji kayip ve kazanglari lizerinde etkisi de oldukca fazladir. Bu sebeple binalarda enerjinin etkin
kullanilabilmesi igin ¢atilarin iklim kosullar1 gozetilerek tasarlanmasi ve uygulanmasi son derece énemlidir. Bu ¢aligmada farkli iklim
bolgelerinde farkli ¢at1 tiplerinin 1sitma ve sogutma yiikleri bakimindan gosterdigi performanslart incelenmis olup 6rnek bir binanin;
TS825 Standardimna gore farkli iklim bolgelerinde bulunan 5 ilde (Hatay, Bursa, Elazig, Sivas, Kars) farkli ¢ati tipleri (kirma, teras ve
yesil c¢at) ile kurgulanan senaryolara ait i1sitma ve sogutma enerjisi yikleri DesignBuilder programinda benzetim yolu ile
belirlenmistir.

Anahtar Kelimeler: Cati, Isitma Ve Sogutma Enerjisi, Designbuilder, Enerji Performansi, Enerji Simiilasyonu

The Effect Of Roof Type On Building Heating And Cooling Loads in
Different Climate Zones

Abstract

Today, due to the rapid increase in the world population, the need for energy has increased and natural resources have approached
levels that cannot meet this consumption.lt is known that 30-40% of the energy used in the world is consumed in buildings.It is seen
that the pollutant gases released into the atmosphere due to the fact that most of this energy is obtained from fossil sources and the
effect of the urban heat island, where cities are faced, has increased recently. There are some sustainable practices carried out at the
building scale to minimize these problems. Roofs are the most important building components that protect buildings from outdoor
conditions, as well as have a great impact on energy losses and gains in buildings. For this reason, it is extremely important to design
and apply the roofs considering the climatic conditions in order to use energy effectively in buildings. In this study, the performances
of different roof types in terms of heating and cooling loads in different climatic regions were examined. According to the TS825
Standard, the heating and cooling energy loads of the scenarios constructed with different roof types (hip, terrace and green roof) in 5
provinces (Hatay, Bursa, Elaz1g, Sivas,Kars) located in different climatic regions were determined by simulation in the DesignBuilder.

Keywords: Roof, Heating and Cooling Energy, DesignBuilder, Energy Performance, Energy Simulation
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1. Giris

Giinlimiizde diinyada meydana gelen hizli niifus artis1 ve
beraberinde gelen kentlesme, yesil alanlarin azalmasina, artan
enerji talebinin fosil kaynaklardan karsilanamayacak seviyeye
gelmesine neden olmustur. Yenilenemeyen enerji kaynaklarinin
hizla tiiketilmesi beraberinde bir¢ok gevre sorununu getirmistir.
Fosil yakitlarin asir1 kullanimi atmosferdeki kirli gazlarin ve
1smin artmasina bagli olarak kiiresel bir iklim degisikligine yol
acmaktadir.  Kentlerde meydana gelen kontrolsiiz yigilmalar
neticesinde yasanan c¢evre sorunlari ile birlikte sehirler kentsel
1s1 adasi etkisi ile karsi karsiya kalmis ve yapilarda konfor
kosullarinin saglanmasi amaci ile kullanilan enerjinin artmasina
yol agmustir [1].

X Azalan enerji kaynaklart ve ¢evreye verilen zararm
giderek artmast enerjinin etkin kullanilmasi fikrini gerekli
kilmigtir. Bundan dolayi, dogal kaynaklarin asir1 kullanimim
onleyen ve ckolojik yasami koruyarak enerji tasarrufunu
destekleyen bir tasarima olan ihtiyag her gecen gilin artmaktadir

[2].

Binalar, diinyada kullanilan enerjinin biiyilk kismindan
sorumludur. Imar faaliyetleri her yil kiiresel olarak kullanilan
enerjinin - %40’ tiiketmektedir [3]. Konut binalar1 bu
faaliyetlerin biiylik bir kismini olusturmaktadir. Bu nedenle
konutlarda enerji tiiketimini minimum diizeyde tutmak ve
enerjinin verimli kullanilmasini saglamak bu yapilarin ¢evresel
etkilerini azaltmak olduk¢a Onemlidir. Binalarda enerji
kullanimmin azaltilmasi ve enerjinin etkin bir sekilde
kullanilmast i¢in yapinin ilk tasarim asamasindan kullanim
asamasina kadar yapilacak bir¢ok uygulama ve Onlemler
bulunmaktadir. Bu uygulamalar siirdiiriilebilir mimarlik st
basliginda enerji etkin yapilar olarak karsimiza ¢ikmaktadir.

Enerji etkin yapilar; ¢evresel sorumluluk anlayistyla, iklime
ve o yere Ozgii sartlara uygun, kaynaklart minimum diizeyde
tiketen, yenilenebilir enerji kaynak kullanimini 6nciileyen,
dogal ve atik iiretmeyen malzemelerin kullanilmasini tesvik
eden, ekosistemlere duyarli yapilar olarak tanimlanabilirler [4].
Yapilarda enerji gereksinimini etkileyen en 6nemli faktorlerden
biri bina formudur. Binanin formu; bina cephesinin derinligine
orani, bina yiiksekligi, ¢at1 tipi (diiz, besik, kirma), ¢at1 egimi ve
cephe gibi parametrelerle tanmimlanabilir [5].

Cat1, binalarin en tistiinde bulunan ve binay1 dis etkenlerden
koruyan en 6nemli yap1 elemanidir. Giin boyu dis ortam ve iklim
kosullarina maruz kalan c¢atilar binalarin enerji kullaniminda
onemli rol oynamaktadir. Bir binada 1s1 kayiplarinin yaklasik
%10’u  dosemelerden, 9%10-25’i pencerelerden, %30-60’1
duvarlardan ve %25’i de tavan ve gatilardan gerceklestigi ifade
edilmektedir. Isman havanin yiikselmesi sonucunda bina
icerisindeki 1s1 da catidan disariya c¢ikmaya calistigindan,
binanin 1s1l performansinda dikkat edilmesi gereken yapi
elemanlarindan biri olmaktadir [6]. Az ve c¢ok katli binalarda
bina 1sil yiiklerine farkli oranlarda etki etmekte olan ¢atilar
(Sekil 1) iklim bolgelerinin kosullarina gore oncelikle yagmur ve
kar sularinin birikmemesi igin farkli egimlerde ve formlarda
kurgulanabilmektedir (Sekil 2).
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ekil 1. Az ve ¢ok kat1 yapilar i¢in genel olarak 1s1 kayip oranlari
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(Figure 1. Heat loss rates in general for low and very rigid
structures) [7]
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Sekil 2. Farkli egimlerle farkli iklim bélgeleri i¢in olusturulmus
cat1 6rnekleri (Figure2. Examples of roofs created for different
climatic zones with different slopes)

Catilardan kaynaklanan enerji kaylp ve kazanglarin
belirlenebilmesi ve gatilarin bina enerji performansi iizerindeki
etkilerini analiz edebilmek amaciyla birgok calisma yapilmistir.
Kili¢ Turan ve Giilten [8], yaptiklar1 ¢alismada taban alani ayn
olan farkli formlardaki binalarin teras catili ve yesil ¢atili olmasi
durumunda sogutma yiikiine olan etkilerini incelemislerdir.
Calismada Elazig ve Antalya illerine ait iklim verileri
kullanilmistir. Yesil ¢at1 elemaninin hesaplamalara dahil edilmesi
ile her iki il i¢in de bina sogutma yiikiiniin azaldig1 gorilmistiir.
Yao ve dig.[9], geleneksel bir ¢ati ile yesil ¢at1 uygulamasinin
performanslarini eQuest yazilimi kullandiklar1 benzetim tabanli
calismalar1 ile kiyaslamiglardir. Caligmada yesil c¢ati
uygulamasiyla 1sitma ve sogutma enerjisinden tasarruf
saglanirken, yesil ¢atinin barindirdigi ek katmanlar nedeniyle
yasam dongiisii maliyetinin arttigi ve c¢evresel etkinin daha az
oldugu sonucuna varilmigti. Aycam ve Kinali [10], ofis
binalarinda yesil c¢atilarin bina 1sitma ve sogutma yiiklerine
etkisini incelemislerdir. Calismada sicak ve soguk iki iklim
bolgesi kullanilmig ve standart teras cat1 ile seyrek bitkili yesil
cat1 karsilagtinlmistir. Ferrante ve dig.[11], Palermo sehrinde
geleneksel bir cati ile yesil ¢atinin enerji tasarrufuna olan

katkisin1 incelemiglerdir. Sonuglar yesil catili kurgulanan
simiilasyonun daha etkin bir enerji tasarrufu sagladigini
gostermektedir.

2. Materyal ve Metot

Calismada bodrum, zemin ve 1 normal kattan olusan drnek
bir konut binast kullanilmig olup, yapmin mevcut halinde
bulunan kirma catiya ek olarak diiz teras cati ve yesil cati
uygulamalarma ait farkli senaryolar {iretilmistir. Bu senaryolar
TS 825 Standardindaki bes farkl: iklim bolgesinde secilmig olan
iller (Hatay (1. Bolge), Bursa (2. Bolge), Elazig (3.Bdlge), Sivas
(4. Bolge) ve Kars (5. Bolge) igin g6z 6niinde bulundurulmus ve
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biitlin senaryolar i¢in binanin 1sitma ve sogutma degerleri
DesignBuilder programinda hesaplanmigtir.

2.1. DesignBuilder

Design  Builder, degisken kosullarda bina enerji
performansin1 analiz eden Energy Plus tabanli bir enerji
benzetim yazilimidir. Kolay kullanima olanak saglayan ve
anlagilir araylizii sayesinde tiim binalarin modellenmesi, 1sitma,
sogutma, aydinlatma yiiklerinin belirlenmesi, giin 15181 analizi,
CO2 salimi vb. gibi birgok hesaplamay1 ayni anda yapilabilme
ozelligine sahiptir [12]. Yap1 malzemeleri ve yapim teknikleri
agisindan alt yapisinda olduk¢a genis bir kiitiiphanesi bulunan
yazilim ayrica 06zel yapim elemanlari, malzemeleri ve
boyutlarina ait veri girisini de saglayarak, farkli tasarimlardaki
binalar1 modellemeye olanak vermektedir. Giiniimiizde enerjinin
etkin ve dogru kullanim1 gibi konularin giderek hayati 6nem arz
etmesi sebebiyle Design Builder ve benzeri enerji benzetim
programlar1 bu alanlarda gelismeye devam etmektedir. Programa
ait kullanici arayiizii Sekil 3’te gosterilmistir.

MeP 2V eILLBI/HOODOO MR

N = e T R T T

Sekil 3. DesignBuilder arayiizii ( Figure 3. DesignBuilder
interface)

2.2. Ornek Bina ve Ozellikleri

Calismada 3D modeli Sekil 4’te gosterilen bir konut yapist
ele alinmigtir. Bina zemin+1 kat olarak tasarlanmig zemin kat
ticari alan olarak kullanima ayrilmistir. Ayrica binanin bodrum
katinda depo alanlari ve otopark bulunup bu boéliimler
hesaplamalara dahil edilmemistir. Yapida; normal katta 4 konut
dairesi ve zemin katta 6 adet ticari alan yer almaktadir. Bina
betonarme tastyici sisteme sahip olup dis ve i¢ duvarlar tugladir.
Binanin mevcut catist geleneksel kirma cat1 olup ¢at1 elemanlari
ve diger bilesenlerle birlikte Tablo 1°de verilmistir.

Sekil 4. Mevcut binanin modeli (Figure 4. Model of existing
building)

e-ISSN: 2148-2683

Binanin diger yap1 elemanlar1 sabit tutularak ¢ati bilesenleri
degistirilmis ve buna bagli senaryolar olusturulmustur. 3 farkli
cat1 tipi kullanilarak olusturulan senaryolar 5 farkli il i¢in ayri
ayrt degerlendirilmis ve hesaplamalar bu sekilde yapilmigtir.
Oncelikle Design Builder programmnda mevcut konut blogu
modellenmis ve iklim, etkinlik ve yapi malzemeleri modele
tanimlanmigtir.  Yapida 1si1l enerjileri birbirlerine yakin olan
mekanlar birlikte ele alinmig ve bina zonlara (1s1l bolgelere)
ayrilmistir. Normal katlarda 7 1s1l bolge olusturulurken zemin kat
2 1s1l bolgeye ayrilmistir. Konut ve ticari alanlara ait belirlenmis
olan 1sisl bolgeler Sekil 5°te verilmistir. Meteonorm
yazilimidan [URL-1] Hatay, Bursa, Elaz1g, Sivas ve Kars illeri
i¢in temin edilen meteorolojik veriler programa girilmis ve her
senaryo i¢in bina 1sitma ve sogutma yiiklerine ait hesaplamalar
gergeklestirilmigtir.

Zone 2

[ s ara- gonera

Sekil 5. Bina 1s1l Bolgeleri ( Figure 5. Building thermal zones)

Tablo 1. Yapi elemanlar (Table 1. structural elements)

Yap1 Katmanlar Kahnhk | fletkenlik | Yogunluk
Elemanlan | (distan ice) (mm) (w/mk) (kg/md)
Duvar siva 30 0.5 1300
tas yiinii 40 0.03 100
AAC blok 200 0.11 2800
Alg1 siva 20 0.4 1000
Doseme Doseme 200 14 2100
betonu
Tas yiini 50 0.03 100
Tesviye 60 0.38 1200
betonu
Kaplama 2.5 1.8 2560
Pencere Cam 3 Giines gegirgenligi
Hava boslugu 13 insidansi: 0.83
cam 3 Giines yansimast
insidansi: 0.75
Goriiniir gegirgenlik
insidansi: 0.89
Gorlinilir yansima
insidansi: 0.81
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" Tablo 2. / l Table 2. Roof el t
2.3. Olusturulan Senaryolar ve Cati Ozellikleri ablo 2. Catu elemanlart (Table 2. Roof elements)

Binanin mevcut ¢at1 tiirii olan kirma ¢atinin yap1 elemanlari

ve parametreleri programa girilerek hesaplama yapildiktan sonra ° o » 2 . N
olusturulan senaryolardaki c¢at1 tiirleri i¢in de kurgulanan > = i; Ea = é z %’ % &
parametreler programa dahil edilip hesaplamalar yapilmustir. s 3 % = E %" E 5 x 5D
Kullanilan ¢at1 elemanlar1 Tablo 2°de gosterilmistir. Farkli cati & :—E T =2 2 2 =<
tiirlerine ait gorseller Sekil 6’da goriildiigii gibidir. _
Kiremit 25 2.00 | 837 2243
Su Yal. 6 0.190 | 840 960
<l AP | oo | 1340 | 1340 | 1010
& | Kaplama
‘ in o S : ) g - §
; hd = Egim
<A S =
q 'I.|> 537 Betonu 50 | 1.400 | 650 | 2100
- SES
Q § £ Is1 Yal. 110 | 0.035 | 1400 35
D
E \;h S
. = u Yal. 5 0.190 | 840 960
a) Kumagatt S

Bet. Dés | 150 | 2.500 | 1000 | 2400

Tavan

25 0.510 | 960 1120
Sivasi

ﬁ

.

. " P 1 __
g l lll Bitki ) 100 | 0.300 | 1000 | 1000
| Katmani
- ' ’ Toprak | 100 | 0.069 | 880 | 260
b teras cant Filer 9 1 9200 [ 1800 | 910
Katmani
| Drenaj | 25 | 0500 | 1800 | 980
: p £ Ayiric
5 L g ’ -
3 ﬁ 1 N g E Tabaka 5 0.190 | 1200 | 1400
: U 1 | La >0 2
D | ' ' %zl Fem | oo [ 1400 | 650 | 2100
O o
‘ & > 5| Betonu '
ED
‘ : S| msival | 110 | %925 | 1000 | 700
¢ vesil cat 2
Suval. | 5 | 0036 | 840 | 160
Sekil 6. Cati tiirleri (Figure 6. Roof types) Bet. Dos. | 150 | 2.500 | 1000 | 2400
Tavan | o 1 0510 | 960 | 1120
Sivasi
Cakil | 50 | 0520 | 180 | 2050
| Kege 10 | 005 | 1300 | 120
X -
g| Egim 50 | 1.400 | 650 | 2100
weZ Betonu
o =8 o~
& Isval | 70 | 0035 | 1400 | 35
[ s .o
S § SuYal | 5 | 0190 | 840 | 960
E Bet. Dos. | 150 | 2.500 | 1000 | 2400
Tavan | o5 1 0510 | 960 | 1120
Sivasi
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3. Bulgular ve Degerlendirme

Bu ¢alismada bir konut blogunun farkli iklim bdlgelerinde
hangi cati tiirliyle en iyi enerji performansi gdsterecegi
aragtirllmistir. Farkli iklim bolgelerinden olmak iizere 5 farkl il
secilmig ve senaryolar bu iller iizerinden kurulmustur. Elde
edilen veriler tablo ve grafiklerle aciklanmig ve karsilastirmali
sonuglar gosterilmigtir. Her il i¢gin farkli senaryolara ait sonuglar
tablo seklinde belirtilmis ve illerin karsilagtirilmasi grafiklere
aktarilmgtir.

Tablo 3. Elde edilen veriler (Table 3. The data obtained)

Elaz1g
Cat1 Tiirleri Isitma yiikii Sogutma yiikii
(kwh) (kwh)
Kirma cati 57334.69 43625.8
Teras cati 61892.25 45513.5
Yesil cat1 54929.75 42882.2
Hatay
Cat1 Tiirleri Isitma yiikii Sogutma yiikii
(kwh) (kwh)
Kirma cati 18088.74 83261.05
Teras cati 20052.02 85022.33
Yesil cati 16872.66 81042.94
Kars
Cati Tiirleri Isitma yiikii Sogutma yiikii
(kwh) (kwh)
Kirma cati 99570 10550
Teras cati 107110 11130
Yesil ¢ati 94745.39 9965
Sivas
Cat1 Tiirleri Isitma yiikii Sogutma yiikii
(kwh) (kwh)
Kirma c¢ati 66627.58 18467.4
Teras ¢ati 72554.82 18606
Yesil cati 63320.61 18020.6
Bursa
Cati Tiirleri Isitma yiikii Sogutma yiikii
(kWh) (kwWh)
Kirma cati 36964.95 45234.16
Teras ¢ati 39617.31 49787.98
Yesil ¢ati 35295.99 43576.2

Elde edilen sonuglara gore tiim iklim bdlgelerinde yesil cati
uygulamalartyla hem 1sitma hem de sogutma yliikii bakimindan
daha olumlu sonuglar elde edilmistir (Sekil 7-8). Sonuglar
degerlendirildiginde:
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Sekil 7. Farkli ¢at1 tiirleri i¢in ihtiya¢ duyulan 1sitma yiikleri
(Figure 7. Heating loads needed for different roof types)

*  Yesil gatilarin bina 1sitma yiikiine olumlu etkisi sirasiyla
Elaz1g’da %4.2, Hatay’da %6.7, Kars’ta %4.9, Sivas’ta %5 ve
Bursa’da %4.5 olarak hesaplanmistir.

*  Yesil catilarin bina sogutma yiiki lizerindeki olumlu
etkisi sirastyla; Elazig’da %2, Hatay’da %2.7, Kars’ta %5.4,
Sivas’ta %2.5 ve Bursa’da %3.7 olarak hesaplanmistir.

Teras catilar ise mevcut kirma g¢atrya ve yesil catiya gore
daha olumsuz sonuglar ortaya ¢gikarmistir. Buna gore:

* Teras catilarin bina 1sitma yiikiine olan etkisi kirma
catiya gore; Elazig’da %8, Hatay’da %10.8, Kars’ta %?7.5,
Sivas’ta %8.8 ve Bursa’da %7 oraninda artmistr.

* Teras gatilarin bina sogutma yiikiine etkisi ise kirma
catiya gore; Elazig’da %4.3, Hatay’da %2.2, Kars’ta %5.5,
Sivas’ta %1 ve Bursa’da %10 oraninda artig gostermistir.
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= 80000
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-
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o in
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Sekil 8. Farkli cat tiirleri i¢in ihtiya¢ duyulan sogutma yiikleri
(Figure 8. Cooling loads needed for different roof types)

Yesil catilarin 1sitma yiikiine etkisinin sogutma yiikiine olan
etkisinden daha fazla oldugu tiim illerde ortak olarak karsimiza
cikmaktadir. Yesil catilarin isitma yiikiine olumlu etkisi ele
alinan iller bazinda degerlendirildiginde en fazla sicak iklim
bolgesinde (1. Bolge) yer alan Hatay (%6.7) ilinde
goriilmektedir. Daha sonra sirasiyla Sivas (%5), Kars (%4.9),
Bursa (%4.5) ve Elaz1g (%4.2) illeri takip etmektedir.

Yesil cgatilarin soguma yiikiine etkisi ise en yiikksek % 5.4
oranla Kars’ta (5. Bolge) ortaya ¢ikmistir. Sirastyla diger illerde
ise; Bursa (% 3.7), Hatay (%2.7), Sivas (% 2.5) ve Elaz1g (%2)
olarak goriilmektedir.
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Teras catilarin  1sitma  yiikine etkisi iller bazinda
degerlendirildiginde ise en fazla etkinin goriildiigi il yine Hatay

(1. Bolge) olarak karsimiza c¢ikmaktadir. Teras ¢atinin
normal kirma gatiya oranla %10.8 daha fazla enerji gereksinimi
ortaya c¢ikardigr goriilmiistiir. Bunu sirasiyla Sivas (%8.8),
Elaz1g (%8), Kars (%7.5) ve Bursa (%7) takip etmektedir.

Teras gatilarin sogutma yiikiine etkisi incelendiginde kirma
cat1 ve yesil catiya oranla daha fazla enerjiye ihtiya¢ duydugu
saptanmigtir. Teras catilarin en fazla sogutma yiikiine ihtiyag
duydugu il olan Bursa’da (2. Bélge) normal kirma ¢atiya oranla
%10 daha fazla bina sogutma enerjisi harcadigi goriilmektedir.
Sirastyla diger illerde ise sogutma yiikiiniin Kars (%5.5), Elaz1g
(%4.3), Hatay (%2.2) ve Sivas (%]1) olmak iizere daha fazla
enerjiye ihtiya¢ duydugu goriilmektedir.

4. Sonug

Tiim sonuglar ele alindiginda yesil c¢ati sistemlerinin tiim
iklim bolgelerinde bina 1sitma ve sogutma yiiklerine etkisinin
daha fazla oldugu goriilmektedir. Yesil ¢atilar hem mevcut kirma
cat1 sistemine hem de teras cat1 sistemlerine gére daha avantajli
sonuglar ortaya koymustur. Bu nedenle yesil catilar enerji
korunumu bakimindan uygulanmasi en dogru segenek olarak
karsimiza ¢ikmaktadir.

Catilar yalnizca binanin {izerini Orten yap: elemani olarak
degil ayni zamanda binanin enerji performansina etki eden,
yaptya estetik deger katan ve yapmin i¢ konfor sartlarini
saglamakta 6nemli pay1 olan sistemler olarak diistiniilmelidir. Bu
nedenle binalar enerji etkin yapilar kapsaminda tasarlanirken en
uygun catt uygulamalart secilmeli ve boylece cevresel ve
ekonomik ag¢idan fayda saglanmalidir.
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Abstract

In this study, ornamental cranberry (Cornus alba) reinforced hybrid composite is synthesized. The plant leaves have been collected,
dried, and ground for composite production. After it is reinforced into unsaturated polyester (UP) at different rates by mass, it is mixed
to show a homogeneous distribution. Then, 5 wt.% of the total mixture is added to the epoxy resin and polymerization reactions are
started with the help of necessary additives and catalysts. The product obtained is poured into standard molds and after waiting one
day for curing, necessary tests are carried out. According to the results obtained, biomass supplementation reduces the density of the
hybrid composite. Although the addition of epoxy resin increases the hardness of the composite, the ornamental cranberry supplement
reduces Shore D hardness. It is observed that the thermal conductivity coefficient decreases as the ratio of polyester resin in the
composite increases. However, both epoxy resin and biomass reinforcement slightly raises the thermal conductivity coefficient. Also,
high biomass reinforcement both weakens the mechanical strength of the hybrid composite and negatively affects the surface
morphology. In this study, it was determined that the composite obtained by using 88.5 wt.% UP, 3 wt.% Epoxy A, 1.5 wt.% Epoxy B,
5 wt.% biomass, 1.5 wt.% methyl ethyl ketone peroxide (MEKP), and 0.5 wt.% cobalt octoate (Co Oc) showed optimum properties.

Keywords: Polyester, epoxy, ornamental cranberry, hybrid composite, characterization.

Sus Kizilcigi Takv1ye11 Polyester-Epoksi Hibrit Kompozit

Uretimi ve Karakterizasyonu

Oz

Bu caligmada siis kizileigr (Cornus alba) takviyeli hibrit kompozit sentezlenmistir. Bitki yapraklari toplanmis, kurutulmus ve
kompozit iiretimi i¢in 6gutilmistir. Doymamis polyestere (UP) kiitlece farkli oranlarda takviye edildikten sonra homojen bir dagilim
gosterecek sekilde karistirilmaktadir. Daha sonra toplam karisima agirlikca % 5 epoksi regine ilave edilir ve gerekli katki maddeleri
ve katalizorler yardimiyla polimerizasyon reaksiyonlart baglatilir. Elde edilen iiriin standart kaliplara dokiilerek bir giin kiirlenmesi
beklendikten sonra gerekli testler yapilir. Elde edilen sonuglara gore biyokiitle takviyesi hibrit kompozitin yogunlugunu
azaltmaktadir. Epoksi regine ilavesi kompozitin sertligini artirsa da siis kizileig takviyesi kompozitin Shore D sertligini azaltmustir.
Kompozitteki polyester regine orani arttikga 1s1l iletkenlik katsayisinin azaldigi tespit edilmistir. Bununla birlikte kompozite hem
epoksi regine hem de biyokiitle takviyesi 1s1l iletkenlik katsayisini az da olsa yiikseltmistir. Ayrica yiiksek biyokiitle takviyesi hem
hibrit kompozitin mekanik mukavemetini zayiflatmakta hem de yiizey morfolojisini olumsuz yonde etkilemektedir. Bu ¢aligmada,
agirhikca % 88.5 UP, % 3 Epoksi A, % 1.5 Epoksi B, % 5 biyokiitle, % 1.5 metil etil keton peroksit (MEKP) ve % 0.5 kobalt oktoat
(Co Oc) kullanilarak elde edilen kompozit optimum 6zellikler gostermistir.

Anahtar Kelimeler: Polyester kompozit, Atik misir kocani, Termal iletkenlik, Aktivasyon enerjisi, Yogunluk, Sertlik.
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1. Introduction

Today, the use of composite materials is becoming more
common day by day. A composite material can be defined as the
joining of two or more materials with better properties than the
components used alone. The reinforcement may include fiber-
reinforced polymer composites, natural fibers, or synthetic
fibers. In the future, it is foreseen that such composites will be
preferred with the increase in the usage areas of natural fibers.
Being compatible with the environment, having a low carbon
footprint, and being economical and easy to work with provide
important advantages. However, it should be used in certain
proportions (optimum). The use of high proportions in the
composite will weaken the mechanical properties of the product.
For this reason, in many of the studies in the literature,
researchers have paid attention to the mechanical properties of
composites in the use of natural fibers [1].

Plants such as banana, sisal, bamboo, kenaf, jute, bamboo,
and sugarcane can be used as natural fibers. Natural fibers have
become important in the automobile, textile, manufacturing, and
sports industries as they have superior mechanical advantages
and properties. Natural fibers are seen as a safer alternative to
synthetic fibers [2].

As a result of reinforcing natural fiber to traditional
materials in the polymer structure, both renewable resources are
used and economical composite materials are produced. The
complete decomposition of natural fibers and the evaluation of
biomass wastes will ensure that environmentally friendly
composites are preferred. Therefore, natural fiber composites are
of great interest in various research papers on fiber extraction,
chemical treatments, fiber-matrix adhesion, or processing
conditions [3].

Due to the decrease in fossil resources, environmental risks,
and negative effects of petrochemical resources on human
health, natural fibers offer an alternative solution to the
production of biocomposite materials [4]. To improve some
physical and chemical properties of biocomposite materials, it is
necessary to determine the use, compatibility, and interaction of
such natural fibers. Fiber strength is also important in choosing
the natural fiber determined according to the desired application
and purpose of use. This selection should not negatively affect
the structure of the biocomposite both physically and chemically
[5].

The leaves of ornamental cranberry also called Cornus alba,
which is a genus of Cornus L. from the family Cornaceae, are
used in the production of composites [6,7]. Leaf extracts of this
plant show acceptable antimicrobial activity against different
types of bacteria and fungi. It has also been observed that the
leaves of the plant have rich fatty acid and organic acid content
[8-12].

In this study, new hybrid composites are produced using
renewable resources. Biocomposites with low density, economic
and easy workability are being developed by the intended use. It
is intended that the obtained composite has decreased
petrochemical composition, reduced carbon footprint, and easy-
to-recycle, environmentally friendly features [13-17].
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2. Materials and Methods

In this study, it was supplied by UP, MEKP, and Co Oc
Turkuaz Polyester. Epoxy resin and its components were also
purchased from Polisan Company. In addition, the leaves of the
Cornus alba plant were collected and dried in the province of
Elazig/Tiirkiye.

In experimental studies, the biomass filler was ground to a
particle size of -50/100. By adding this filler to the UP, the
mixture was homogenized. Then, certain amounts of Epoxy A
and Epoxy B components were added to it. At the last stage,
MEKP and Co Oc additives are added to the mixture, mixed, and
casting is made into standard molds [18-35].

Figure 1 shows the untreated state of Cornus alba leaves and
their structure after grinding.

Figure 1. Leaves of Cornus alba plant

In Figure 2, the production scheme of the hybrid composite
is given briefly and each stage is shown.

Epoxy A F F Epoxy B Y
filler MEKP || Co Oc o
& 5 min 1 min i Curing time

1000 rpm 1000 rpm 2 min 24 hours
1000 rpm —
b = p —
* —
—

up UP Mixture

Figure 2. Hybrid composite production scheme

Table 1 indicates each component used in the experiments
and their amounts. The ratios of UP and filler change, while the
amounts of other components are kept constant.

Table 1. Composite production plan in experimental studies

UP EA EB  MEKP CoOc Filler
(WELO%)  (WL9) (WL%) (WLo%) (Wt%) (Wt.%)
935 3.0 15 15 05
925 3.0 15 15 0.5
905 3.0 15 15 0.5
885 3.0 15 15 0.5
865 3.0 1.5 1.5 0.5

~NoOo1TwEk o
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3. Results and Discussion

In this study, the density, Shore D hardness, thermal
conductivity coefficient, and pore matrix of the composite
obtained have been investigated. In addition, evaluations are
made about the mechanical properties and machinability of the
composite. In Figure 3, Figure 4, and Figure 5, the density,
hardness, and thermal conductivity effects of the biomass filler
on the produced hybrid composite have been evaluated,
respectively.

1205

1200

1195

1190

1185

Density of hybrid composite (kg/m?)

1180 T T
0 1 2 3 4 5 6 7

Filler (wt.%)
Figure 3. The effect of biomass reinforcement on the density of
the hybrid composite

Shore D hardness of the composites

0 1 2 3 4 5 6 7
Filler (wt.%)
Figure 4. The effect of biomass reinforcement on the hardness of
the composites

< 0.070 -

0.068

o
o
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1

0.064
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Thermal conductivity of the composites (W/m
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0 1 2 3 4 5 6 7
Filler (wt.%)

Figure 5. The effect of biomass reinforcement on the thermal
conductivity of the composites
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Table 2 provides activation energies determined from
thermal decomposition tests of the hybrid composites. It is seen
that as the filler content is increased, the activation energy of the
resulting the composites lowers. Coats-Redfern method has been
used to compute activation energy (Ea) values. The three-
dimensional diffusion equation is found the highest correlation
coefficients in this strategy [27-30].

Activation energies of biomass reinforced the composites in
the range of 0.15 to 0.85 conversion ratio are calculated.
Thermal decomposition experiments have been carried out from
293 K to 873 K at a heating rate of 10 K/min.

Table 2. Calculated activation energies of the hybrid

Filler ratios Activation energy
(Wt.%) (Ea: kd/mol)
0 120.07
1 116.95
3 113.20
5 110.68
7 109.43

4. Conclusions and Recommendations

In this study, a total of 4.5 wt.% epoxy resin was reinforced
to improve some thermophysical properties of the polyester
composite. The use of such additives has improved the hybrid
composite to both improve its mechanical properties and
increase its thermal stability [31-42]. Biomass filler
reinforcement obtained by grinding the leaves of Cornus alba
plant decreased the density of the composite. Also, the use of
filler in high proportions in the composite creates a porous
matrix and reduces Shore D hardness. However, the filler
reinforcement slightly increased the thermal conductivity
coefficient of the composites. The use of such fillers in the
composite ensures the use of fewer petrochemicals, economical
production, and workability. Besides, the use of renewable
biomass wastes in hybrid composites contributes to the
widespread use of environmentally friendly products.

According to the results obtained in this study, optimum
composite production was made with 5 wt.% biomass
reinforcement. Higher filler reinforcement negatively affected
both the mechanical properties and surface morphology of the
composite [43-51]. SEM images of pure and biomass reinforced
composites are given in Figure 6 and Figure 7. It is seen that the
surface of the 7% biomass reinforced composite by weight is not
homogeneous and regular. Accordingly, it is understood that
high rates of biomass reinforcement have a negative effect on
both the composite matrix and the surface morphology.
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100 pum EHT = 10.00 kV Signal A = SE1
WD = 6.0 mm Mag= 250X

Date :23 Nov 2022
Time :12:04:47

Figure 6. SEM image of the non-biomass-reinforced composite

100 pm EHT = 10.00 kV
WD = 6.5mm

Signal A = SE1
Mag= 250X

Date :23 Nov 2022
Time :12:08:35

Figure 7. SEM image of biomass (7 wt.%) reinforced hybrid
composite
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Oz

Diinya Saglik Orgiitii koronaviriisii (COVID-19) 11 Mart 2020°de kiiresel salgin ilan etmistir. Bu tarihten sonra farkli iilkelerde karar
vericiler almis olduklari kismi kapanma, tam kapanma ve kademeli normallesme tedbirleri ile epidemi pikini zayiflatmaya
calismislardir. Kapanma tedbirlerinden kaynakli kiiresel elektrik talebi 2020 yilinda ortalama %4 azalmistir. Ayrica pandeminin 6zellikle
ilk doneminde diinyanin birgok bolgesinde elektrik tiiketim profilleri degismistir. Hem enerji tiiketimindeki azalma hem de tiiketim
profillerinin degisikligi, elektrik sebekesi operasyonunun giivenilirligini ve uyarlanabilirli§ini inceleme firsati saglamistir. Bu
calismada, COVID-19 kiiresel salgminin elektrik enerjisi talebine, elektrik enerji iiretimine, iletim/ dagitim sistemine, elektrik
piyasalarina etkisine ait diinyadan ¢esitli 6rnekler verilerek, pandemi siirecinin Tiirkiye elektrik enerji sistemlerine etkisi incelenmistir.

Anahtar Kelimeler: Elektrik piyasalar1, Elektrik {iretimi, Enerji tiiketimi, Giig sistemleri, Iletim ve dagitim sistemleri, Koronaviriis
pandemisi.

Investigation of the Impact of the Pandemic on the Power System
Operations

Abstract

The World Health Organization (WHO) declared the coronavirus (COVID-19) a global pandemic on March 11, 2020. After this date,
decision-makers in different countries tried to weaken the epidemic peak with partial lockdowns, complete lockdowns, and gradual
normalization measures. The average decrease in global electricity demand was 4% in 2020 due to these measures. In addition,
electricity consumption profiles have changed in many regions of the world, particularly in the first period of the pandemic. Both the
decrease in energy consumption and the variability of consumption profiles allowed examining the reliability and adaptability of the
power system operation. In this study, various examples from around the world are given to observe the impact of the COVID-19
pandemic on electricity demand, electricity generation, transmission/ distribution systems, electricity markets, and the impact of the
pandemic on Turkey’s power systems is examined.

Keywords: COVID-19 pandemic, Electricity generation, Electricity markets, Energy consumption, Power systems, Transmission and
distribution systems.
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1. Giris

2019’un aralik ayimda bilinen ilk koronaviriis vakasi Cin’in
Wuhan sehrinde ortaya ¢ikarak birkag ay icerisinde tim diinyaya
yayilmistir (Haochen, 2020). 11 Mart 2020 tarihinde Diinya
Saglik Orgiitii tarafindan kiiresel pandemi olarak ilan edilmistir.
630 milyon insana bulasip, 6,5 milyondan daha fazla insanin
hayatini  kaybetmesine neden olmustur (World Health
Organization). Tartigmasiz en onemli etkisi saglik alaninda
olmakla beraber, 2020’nin subat ayindan itibaren ekonomik
olarak tiim diinya COVID-19 resesyonuna maruz kalmistir.
Ozellikle iilkelerin almis oldugu kapanma tedbirleri kararlar1 tiim
sektorleri farkli sekilde etkilemistir (Abu—Shanab vd., 2021;
Gongalves vd., 2022; Rai vd., 2020b, 2020a). Hi¢ olmazsa daha
sonra ortaya ¢ikmast muhtemel benzer senaryolar i¢in bu etkilerin
konularinin  uzmanlart tarafindan multidisipliner  olarak
degerlendirilmesi zorunludur.

Hiikiimetlerin saglik kuruluglarindaki yogunlugu o6telemek
adina almig olduklar1 kapanma kararlar1 kaginilmaz olarak enerji
sektoriinii de etkilemistir (Agdas & Barooah, 2020; Zhong vd.,
2020). Elektrik enerjisinin modern toplum agisindan gerekliligi
g6z oniinde bulunduruldugunda gii¢ sistemlerinin en kotii senaryo
durumunda bile giivenirliginin ve adaptasyonunun 6nemi daha iyi
anlagilabilir. Enerji sektorii acisindan ilk olarak sdylenmesi
gereken kapanma tedbirleri ve uzaktan calisma neticesinde
elektrik enerjisine olan talebin neredeyse tiim iilkelerde ciddi
anlamda diistigiidir.

Tiirkiye’de ilk koronaviriis vakasi 11 Mart 2020 tarihinde
goriilmistir (7.C. Saglik Bakanligi). Bu tarihten sonra insanlarin
hem bireysel aldiklar1 tedbirler hem de kamusal alinan 6nlemler
ile evlere kapanma ve sosyal iletisimin kesilmesi kendini
gostermigtir. Bunun dogal sonucu olarak meskenlerde elektrik
enerjisi kullanim1 artarken, igyerlerinin ve iiretim tesislerinin
iiretimlerini tamamen veya kismen durdurmasi sanayide enerji
kullaniminda azalma trendini ortaya ¢ikarmistir.

Bu c¢alismada koronaviris pandemisinin  diinyaya
yayilmasiyla elektrik enerji sektoriinde yasanan degigsimler
aragtirllmistir. 2020 Mart ayindan itibaren vaka sayilarinin
artmasinin ~ getirdigi  degisikliklerin ve diizenlemeye tabii
toplumsal degisiminin elektrik tiiketime, elektrik enerji
iretiminin kaynaklara dagilimma etkisi incelenmistir. Ayrica
pandemi siirecinin iletim ve dagitim sistemlerinde ne gibi
problemlere neden olabilecegi tartisilarak, elektrik piyasalari
iizerindeki etkisi 6zetlenmistir. Tiirkiye’de pandemi siirecinde
elektrik enerji sistemlerindeki durumun analizinde EPIAS (Enerji
Piyasalar1 Isletme AS) ve TEIAS (Tiirkiye Elektrik Iletim
AS)’nin kamuya agik kaynaklarindan faydalanilmistir (EPIAS;
TEIAS).

2. Elektrik Enerji Tiiketimi Uzerindeki
Etkisi

Insan davraniginda meydana gelen degisiklikler bilindigi gibi
elektrik talebini dogrudan etkilemektedir. Koronaviriise bagh
olarak yayilma riskini azaltmak icin sosyal iliskiler azalmistir.
2020’nin ilk aylarindan itibaren farkli iilkelerin elektrik yiikiinde
onemli miktarda azalma ve yiik profilinde degisiklikler meydana
gelmistir. Kuskusuz bunun en 6nemli nedeni hiikiimetlerin almig
oldugu kapanma tedbirleridir.
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Sekil 1’de gorildiigi gibi oncelikle Cin’den baslayan
kapanma tedbirleri kisa siirede diger iilkelere de yansimistir
(COVID-19 Data Explorer- Our World in Data). Sekilde verilen
kapanma tedbirleri sikilik indeksi okul ve is yerlerinin kapanmasi
ya da seyahat yasaklar1 gibi dokuz gostergenin birlikte
degerlendirilmesi ile olusturulmustur; 100 en siki durumu
gosterirken, 0 herhangi bir kapanma tedbirinin alinmadigi durumu
gostermektedir. Ulkelerde karar vericilerin almis olduklar
kapanma tedbirlerinin dogal sonucu olarak elektrik yiikii diismeye
baslamistir. Birgok sebeke operatoriiniin raporlarindan, okul ve is
yerlerinin kapanmasi nedeniyle sabah ve aksamiistli yasanan pik
yikte bir gecikme yasandigi bilgisine ulasilabilir. Pandemi
baslangici i¢in genel bir degerlendirme yapilmak istendiginde,
isletmeler tarafindan kullanilan elektrik miktar1 azaldigi, ancak
insanlar evden ¢aligtig1 i¢in konut tiikketiminin arttig1 sdylenebilir.
Bunun yaninda seyahat yasaklart ile ise gidip gelmenin tamamen
olmadigi durumda, insanlar evlerinde daha ge¢ uyanarak
hayatlarina baglamislardir. Evde giin boyunca daha geg vakitlerde
basladiklart ¢aligmalarina tutarli bir sekilde ¢aligtiklar1 (birgok
sirketin uzaktan ¢alismaya donmesi ile) varsaymmu ile yapilacak
enerji tilketim profili ¢alismalari ele alinmalidir.

Amerika’daki durumdan bahsetmeden once elektrik sebeke
yapisinin Tiirkiye’den farkli oldugunu soéylemek gerekmektedir.
Elektrik sistemi tek bir sistem isletmecisi tarafindan
yonetilmeyip, Kuzey Amerika i¢in dokuz bagimsiz sistem
isletmecisi (Independent System Operator- ISO) bulunmaktadir;
CAISO - California 1SO, NYISO - New York ISO, PIM -
Pennsylvania-New  Jersey-Maryland  Interconnection  gibi
(FERC).

Ornegin PJM’deki durum ele almirsa, mart ayinin ortalarinda
isletmeler ve okullar i¢in kapanma karar1 verilmistir ve tiikketiciler
alman kapanma tedbirleri ile evde kalmaya baglamiglardir. Bu
durumun dogal sonucu olarak elektrik enerji kullanim rutinleri
degismeye baslamistir. PJM isletmecilerinin 17 ile 19 Mart
arasindaki gozlemleri, sabah pik yiikiiniin tahmin modellerinin
tipik olarak Ongordiigiinden 1-2 saat sonra ulastigini, kabaca
sabah 8’den sabah 9-10’a kaydigin1 gdstermektedir. Ayrica hem
sabah hem de aksam pik yiikii beklenenden yaklasik %5 daha
diisiik gergeklesmis ve toplam enerji kullanimi da azalmustir.
Pandeminin etkileri en ¢ok 2020 baharinda gerceklesmistir.
2021’in baginda, hafta i¢i pik yiik yaklasik %1 oraninda
azalmigken, daha sonra giinliik pik yiik pandemi 6ncesi seviyelere
geri donmistiir (Chen vd., 2022).

Cin’deki elektrik enerji tiikketimi, karantinanin basladigi 2020
yilinin ocak ayinda hizli bir sekilde diismiistiir ve subat ayinda bu
diisiis daha belirgin bir hale gelmistir. 2020 yil1 subatinda 2019
subat ayina kiyasla azalma %13 civarindadir. Bu durumda her ne
kadar subat aymin 2019 ve 2020’deki sicaklik farki etkili olsa da
hava durumu diizeltildikten sonra subat 2020°de subat 2019’a
kiyasla enerji tiiketiminde diisiis yaklasik %11 civarindadir.
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Karantina kararlarindaki sikilik hafifletildikge, elektrik enerji
tiiketimi biraz artig egilimi gostermistir. 2020’ nin nisan ayndan
itibaren Cin’deki enerji tiikketimi tamamen pandemi Oncesi
seviyelere donmiistiir. Agustos ayindan sonra ise hava durumu
diizeltmeli  elektrik  enerji  tiketimi 2019  yilindaki
seviyesinden %6 daha yiiksek olarak gergeklesmistir (Chen vd.,
2022).

Koronaviriis Cin’de ortaya ¢iktiktan sonra birkag ay
icerisinde Avrupa’ya ulasmistir. Sekil 2 Johns Hopkins
Universitesi Sistem Bilimi ve Miihendisligi Merkezi’nin (CSSE)
COVID-19 Veri Deposu’ndan alinan verilere goére Almanya,
Ispanya, Italya ve Tiirkiye’de toplam teyit edilen vakalari
gostermektedir (JHU CSSE).
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Sekil 2. Pandeminin ilk siire¢lerinde vaka sayilarinin iilkelere
gore karsilastirilmasi

Vaka sayilarinin hizla yiikselmesi ile neredeyse tiim Avrupa
iilkelerinde tiiketimin genel olarak azaldig1 sdylenebilir. ENTSO-
E den alinan verilere gore kita Avrupasi’nda en yiiksek enerji
tiiketimine sahip olan Fransa, Almanya, Italya ve Ispanya’da
enerji tilketimi diismiistiir; Ispanya ve Italya’da bu diisiis
yaklagik %25’e ulasmistir (ENTSO-E).

Tiirkiye’de de ilk vaka tespit edildikten (11 Mart 2020)
sonraki birkag hafta igerisinde elektrik tiiketiminde hizli bir diisiis
trendi kendini gostermistir. Tabi ki bu durumun nedeni alinan
tedbirlerdir. Tiirkiye gelismekte olan bir {ilkedir; hem bu sebeple
hem de niifusun artmasina paralel olarak elektrik enerjisi tilketimi
geemis yillar ile kiyaslandiginda genel olarak artig egilimindedir.
Koronaviriis siirecine bakildiginda mart- haziran aylar elektrik
tiketimi gegmis 3 senenin aym aylarmin  ortalama
degerinden %15- %20 daha diisiik ger¢eklesmistir (Bulut, 2020).

Sekil 3 pandeminin ilk donemi i¢in Almanya, Ispanya, Italya
ve Tirkiye elektrik tiiketimlerinin  haftalar bazinda
karsilastirilmasini gostermektedir.
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Sekil 3. Ulkelerin elektrik enerji tiiketimlerinin haftalar
bazinda karsilastiriimasi
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Sekil 3°te hafta i¢i saat 08:00-18:00 araligindaki elektrik
tiketimi esas alimmistir. Bir onceki yil aymi haftada
gergeklestirilen tiiketim ile 2020 yili tiikketimi kargilagtirilmistir.
Kirmiz1 kesikli ¢izgi ile yatay eksende degisim miktarmin 1
olmast sekil {iizerinde de belirtildigi gibi 2020 ile 2019
tilketimlerinin birbirine esitligini gostermektedir (TEPAV).

3. Elektrik Uretimi Uzerindeki Etkisi

COVID-19 salginmin elektrik iiretimine etkisi iilkelere gére
farklilik gostermektedir. Genel durum degerlendirildiginde
yaygin bir bulgu, tiretim kesintilerinin etkilendigi, daha diisiik yiik
nedeniyle genel {iretimin azaldi§i ve enerji iiretiminin
yenilenebilir kaynaklara kaydig1 olarak sdylenebilir.

PJM’de genel olarak planli bakimlarin yapildigi zaman
ilkbahar mevsimidir. Pandeminin baglangicindan itibaren PJM,
potansiyel olarak daha biiyiik kesintilere doniismelerini 6nlemek
icin daha 6nceden belirlenmis bakim faaliyetlerini liretim ve
iletim lisans sahipleriyle koordineli bir calismayla yeniden
planlamistir. Tim bunlara ek olarak, ekipman sorunlarini ele
almak ve sistem katilimcilarinin magduriyetlerini engellemek
admna ¢esitli kilavuzlar yayinlayip, tavsiye niteliginde goriisler
bildirmistir. 2020 y1lt PJM i¢in genel olarak degerlendirildiginde
COVID-19 nedeniyle planli bakimlar baslangigtaki ilk diigiislere
ragmen, iiretim lisansi sahipleri bakim faaliyetlerini yilin sonraki
zamanlarina erteleyerek ya da daha biiyiik planl kesintileri daha
kisa bakim kesintilerine bdlerek pandemi doéneminde 6nemli
bakim caligmalarini yapabilmislerdir.

Avrupa’da planli bakim ¢alismalart takvimi yeniden ele
alismig; yapilan degerlendirmeler neticesinde bir  kismi
ertelenirken, bir kismi ise tamamen iptal edilmigstir. Pandemi ayni
zamanda iretim planlamasindaki kaynak kullanimmi da
etkilemistir. Amerika Birlesik Devletleri’nde, 2020 mart ayindan
itibaren en fazla {iretim dogal gaz santrallerinden yapilirken,
kapanma kararlarmin etkilerinin iyice hissedildigi bahar
aylarindan itibaren yenilenebilir enerji kaynaklart komiirle ¢alisan
elektrik santrallerinin katkisin1 geride birakmigtir. Mart ayinin
ikinci yarisinda California ISO’da (CAISO) giines enerjisi
kesintisi ii¢ katina ¢ikmigtir ve ayni donemde riizgar
kesintisi %50’den fazla artmistir. 2020 yaz aylarinda talepte olan
artiga cevap verebilmek adina komiir ve niikleer enerjiden yapilan
iretim pik yapmustir. 2020 sonbahar ve kisinda yenilenebilir
kaynaklarin mevsimsel egilimleri takip ettigi sOylenebilir.
ABD’nin enerjiyle ilgili toplam karbon emisyonlar1 2020°de %11
veya bir baska degisle 2019’a gore 570 milyon metrik ton
diismiistiir. Kiiresel diizeyde enerji ile ilgili karbon emisyonlari
incelendiginde %5,8 veya 2 milyar ton diistiigli sOylenebilir
(Zhong vd., 2020).
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Tablo 1. Tiirkiye yular bazinda elektrik iiretiminin
aylara dagilimi

2019 (GWh) | 2020 (GWh) | 2021 (GWh)

Ocak 26058,6 27131,9 27290,7
Subat 23522,1 25010,2 24645,9
Mart 248436 24754,1 28213,9
Nisan 23808,4 20363,3 26395,9
Mayis 25013,3 20937,8 25499,4
Haziran 24258,1 23537,4 27228,9
Temmuz | 287897 28650,8 31266,1
Agustos | 277135 293435 33024

Eylil 25418,7 27743 28148,5
Ekim 24248,6 25675 26713,2
Kasim 23997 25931,7 27040,9
Aralik 26226 27624,3 29255,7
Toplam | 303897,6 | 3067031 | 334723,

Tablo 1, Tiirkiye’nin aylik elektrik iiretiminin yillara goére
degisimini gostermektedir. Ozellikle mart aymdan sonra talepteki
diistigle elektrik iretiminin kaynaklara gore dagiliminda
degisiklikler meydana gelmistir. Ozetle sdylenmesi gereken
konvansiyonel santrallerin {iretimi azalmisken, dzellikle riizgar ve
giines olmak tizere yenilenebilir enerji santrallerin tiretim i¢indeki
paylart artmistir.

4. Iletim ve Dagitim Sistemleri Uzerindeki
Etkisi

Pandemi siireci sadece elektrik sebekeleri agisindan degil
aslinda tiim sektorler igin tedarik zincirlerinin 6nemini bir kez
daha gostermistir. Ozellikle global olarak iiretilen uzun iiretim
tedarik siirelerine sahip ekipmanlar bu siire¢ten dogrudan
etkilenmiglerdir. Bir baska 6nemli alinacak ders stok yonetiminin
nasil yapilmasi gerektigi ile alakali olmustur. Dogru yedek
ekipmana sahip olmak, mevcut hasar1 azaltmak ve sistemi
zamaninda calisir hale getirmek i¢in ¢ok Onemlidir. Pandemi
stirecinde imalat girketlerinin iiretimi hem personel kaynakli hem
de bu gsirketlerin de hammaddeye erisiminden kaynakli
etkilenmis, bunun sonucunda tiim diinyada ekipman {retimi
yavaglamigtir.

Amerika’daki  genel durum incelendiginde kamu
hizmetlerinde acil durumlarda kullanilabilecek bazi yedek
ekipman stoklarinin zaten mevcut oldugu goriilmektedir. PJM ve
kamu hizmetleri, tedarik zinciri ve ilgili yakit gilivenligi
konusunda sorunlart birlikte belirleyerek daha biitiinsel bir
yaklasim iginde calismuslardir. Ornegin, etkilenen alanlari hizli
bir sekilde aktif duruma getirmek icin, ekstra yiiksek voltajl
transformatorler ve diger yedek ekipman gibi kritik varliklar:
onceden belirleyerek ve hizli miidahale planlar1 olusturarak
potansiyel tedarik zinciri gecikmelerini azaltmislardir.

Hindistan’da 6zellikle tam kapanmanin oldugu dénemlerde
daha az planli iletim kesintisi ger¢eklestirilmistir.

Avustralya, Italya, Brezilya ve Tiirkiye’de biiyiik bir iletim
veya dagitim problemi olmamustir.

Pandemi siiresince Nesnelerin Interneti teknolojilerinin
entegre edildigi trafo merkezi otomasyonu kullanilarak kritik
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bolgelerin gercek zamanli ekipman durumu izlenebilir ve
bunlarin konfigiirasyonlar1 igin is giicli ihtiyacini 6énemli 6lgiide
azaltabilir.

5. Elektrik Piyasalar1 Uzerindeki Etkisi

Elektrik piyasalarmin diinya genelinde pandemi siiresince
olagan sekilde isledigi soylenebilir. Tam kapanmalarin oldugu
karantina doneminde enerji tiiketimindeki disiis elektrik
piyasalarint dogrudan etkilemistir. Elektrik talebinin azalmasinin
dogal sonucu olarak enerji fiyatinin diistiigii sdylenebilir.

Avustralya WEM’de pandemi siirecinde diisiik spot fiyatlar
ve artan negatif fiyat olugumlar1 yaganmigtir. Bununla birlikte,
pandeminin  baslangicinda  enerji  fiyatlarnn  diisiik
gerceklesmesinin en dnemli nedeni akaryakit fiyatlarindaki diisiis
olarak sdylenebilir, diger bir neden ise tabi ki de kapanma
tedbirlerine bagl olarak talebin azalmasidir.

Avrupa’da tiiketimin azalmasi, bir¢ok iilkede giin Oncesi
piyasasinda talebin diismesine neden olarak, elektrik fiyatlar
iizerinde ciddi bir etki yaratmstir. Ornegin, Italya’da 2019 yilinda
53,11 €/ MWh olan piyasa takas fiyati, 2020 yilinin mart ve nisan
ayimnda tek tip alim fiyatinin ortalama degeri %46°lik bir diisiisle
28,45 €/MWh olarak ger¢eklesmistir. Almanya’da, bir dnceki
yilin ayn1 doneminde daha fazla negatif fiyat olugmasina ragmen
ortalama piyasa takas fiyat1 2020 yilinda yar1 yariya azalmistir.
Ozellikle nisan ayinin ikinci yarisinda giines santrallerinden, kara
ve deniz riizgarindan saglanan yenilenebilir enerji miktar: 6nemli
Olciide artarak, piyasa takas fiyati {izerinde olumsuz etkilere
neden olmustur.

TU/MWh
350

300 -

250 \\

200 \‘\‘-_r_//‘/
150

100

50

0 Ok  Subast  Mart  Nisan  Mayis Haziran Tommuz Agustos Eyldl  Ekim  Kesm  Aralik

2019 22304 25705 256,04 87,15 19617 221,32 30455 29830 29790 29161 29787 29132

—&— 2020 3148 298,41 245,09 8116 20322 291,31 29636 29870 30820 31870 29551 29334

Sekil 4. Tiirkive aylk ortalama piyasa takas fiyatinin
karsilastirtimasi

Tiirkiye aylik ortalama piyasa takas fiyatlarinin 2020 ile 2019
yillart i¢in kargilastiriimasi Sekil 4’te verilmistir. 2020 yilinda
Elektrik Giin Oncesi Piyasasi’nda yillik islem hacmi 103,71
milyar TL olarak gerceklesmisken, Giin I¢i Piyasasi’nda ise,
3,831 milyar TL tutarinda islem gergeklestirilmistir.

Bunun yami sira Giin Oncesi Piyasasi’nda 2019°da 152,12
TWh olan GOP eslesme miktar;, 2020 yilinda yiizde 19,22
artarak, 181,36 TWh; Giin I¢i Piyasasi’nda 2019°da 5,45 TWh
olan GIP eslesme miktar1, 2020 yilinda yiizde 26,21 artarak 6,88
TWh seklinde gergekleserek gecmis tim yillar dikkate
alindiginda en yiiksek degerler elde edilmistir (EPIAS Faaliyet
Raporu 2020).

6. Arastirma Sonuclar ve Tartisma

Kiiresel pandemiden kaynakli sosyal ve ekonomik faaliyetler
farklilhik gostermekle birlikte iilkelerin ¢ogunda azalmistir.
Epidemi pikinin 6telenmesine yonelik alinan tam ya da kismi
kapanma kararlar1 neticesinde insan davranislarinda degisiklikler
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meydana gelmistir. Ancak Ozellikle saglik alaninda artan
yogunluk, egitim ve ¢alisma seklinin uzaktan egitim ve uzaktan
¢aligmaya doniismesi... vb. ihtiyaglar modern toplumun giivenilir
bir elektrik altyapisina ve yeterli ig giiciiniin hazir olmasina ne
kadar ihtiyaci oldugunu gostermistir.

Bu caligma elektrik sektorii agisindan pandeminin etkilerini
incelemek istedigimizde her tilkenin kendi dinamiklerine gore
degerlendirilmesinin  gerektigini gdstermistir. Yine de bu
dinamikler g6z oOniinde bulundurularak bazi genellemeler
yapilabilir.

Ulkelerin birgogunda alman tam kapanma kararlarindan
sonra tiiketim degerlerinin azaldig1 goriilmiistiir. Baz yiik iiretim
santrallerin ve pik yiik iiretim kaynaklarinin dagilimlarinda alinan
kapanma kararlarinin etkisi olmustur. Bu konuda yasanmasi
muhtemel haksiz rekabet i¢in detayli ¢alismalara ihtiya¢ vardir.
fletim ve dagitim sistemleri icin pandemi kritik ekipmanlarin

'''' yasanacak gecikmeler dikkate alinarak stok
yonetiminin  Onemini gostermistir. Ayrica trafo merkezi
otomasyon sistemleri ve nesnelerin interneti gibi teknolojilerin
adaptasyonunun hizlandirilmast pandemi gibi siireclerin en az
hasarla atlatilmasini saglayabilir. Elektrik piyasalarinda genel
olarak azalan elektrik talebine bagli fiyatlarin diigmesi
gbzlenmistir. Yine yenilenebilir santrallerinin diretim dagilimi
icindeki paymin artmasi sonucu sifira yakin ya da negatif fiyat
olusumunun artmasi konusu ayrica degerlendirilmelidir.

Bu ¢alismada ¢ok fazla detayina girilmeyen insan saglig
konusu tabi ki de enerji sistemleri agisindan da ¢ok 6nemlidir.
Sistem igletmecisi konusunda uzman personelin sayilarmin
artmasi karantina siireglerinde 6nem arz edecektir. Yine sistem
isletmecilerinin uzaktan calistirilmalar1 diistiniildiigiinde siber
giivenlik ile alakali konular g6z 6niinde bulundurulmalidir.

Pandemi siireci, yasanilan dogal felaketler, karbon emisyon
oranlari... vb. enerji sistemlerinin her tiirlii yeni teknolojilere,
calismalara ihtiyacim1 gdstermektedir. Ornegin yenilenebilir
enerjinin tiretimdeki paymin artmasi konusunda arz giivenligi goz
ardr edilmemelidir; depolama teknolojileri bu konuda ¢oziim
saglayabilir. Yeni enerji sistemlerinin gerektirdigi sisteme uygun
piyasa tasarimlari planlanmali ve bunlarla alakali gerekli
kanunlar, yonetmelikler, regiilasyonlar hazirlanmalidir. Pandemi
enerji sistemleri konusunda farkli tecriibeler kazandirmustir,
bundan ders ¢ikarilarak sonraki benzer siireclere adaptasyonu
kolaylastiracak planlamalar yapilmalidir.

7. TesekKkiir

Bu ¢alisma Yildiz Teknik Universitesi Bilimsel Arastirma
Projeleri Koordinasyon Birimi tarafindan FKD-2021-4481 nolu
proje kapsaminda desteklenmistir.

References

Abu-Shanab, R., Al-Hattami, A., Salman, N., & Ahmed, A.
(2021). The Effectiveness of the Performance Appraisal of
Public Sector Employees During Covid-19 Pandemic. 2021
International Conference on Innovation and Intelligence for
Informatics, Computing, and Technologies, 3ICT 2021, pp.
685-692.

Agdas, D., & Barooah, P. (2020). Impact of the COVID-19
Pandemic on the U.S. Electricity Demand and Supply: An
Early View From Data. [EEE Access, 8, vol. 8, pp. 151523-
151534, August 2020

e-ISSN: 2148-2683

Bulut, M. (2020). Covidl9 Siirecinin Tiirkiye’nin Elektrik
Enerjisi Uzerindeki Etkilerinin Incelenmesi, Miihendislik
Bilimleri ve Aragtirmalar: Dergisi, BUBAD, cilt. 3, say1. 1, s.
18- 28. Kasim 2020.

Chen, H., Bryson, M., Sharafi, D., Rossi, S., Narasimhan, S. R.,
& Barroso, L. (2022). Operating the Power Grid During a
Pandemic: COVID-19 Experiences. IEEE Power and Energy
Magazine, vol. 20, no. 6, pp. 26- 37, November/December
2022.

COVID-19 Data Explorer- Our World in Data. Erisim tarihi 08
Kasim 2022,
https://ourworldindata.org/explorers/coronavirus-data-
explorer

ENTSO-E | Home Page | European Network of Transmission
System Operators for Electricity website, Erisim tarihi 08
Kasim 2022, https://www.entsoe.eu/

EPIAS | Enerji Piyasalar Isletme A.S. Erisim tarihi 08 Kasim
2022, https://www.epias.com.tr/

EPIAS | ‘Enerji Piyasalar1 2020 Faaliyet Raporu’, Subat 2021.

FERC | Federal Energy Regulatory Commission. Erisim tarihi 07
Kasim 2022, https://www.ferc.gov/

Gongalves, C. P., Ramos, D. S., Rosa, P. S., Balan, M. H., Bezerra,
B., Cavalieri, M., & Mello, R. F. de. (2022). The impact of
COVID-19 on the Brazilian Power Sector: operational,
commercial, and regulatory aspects. in /EEE Latin America
Transactions, vol. 20, no. 4, pp. 529-536, April 2022.

Haochen, W. (2020). Western perspectives of the COVID-19 in
China. Proceedings - 2020 International Conference on
Public Health and Data Science, ICPHDS 2020, pp. 116-119.

JHU | The John Hopkins University CSSE. Erisim tarihi 08 Kasim
2022,
https://systems.jhu.edu/research/public-health/ncov/

Rai, J., Tripathi, R. C., & Gulati, N. (2020a). A Comparative
Study of Implementing Innovation in Education Sector Due
to COVID-19. 2020 9th International Conference System
Modeling and Advancement in Research Trends (SMART),
2020, pp. 94- 97.

Rai, J., Tripathi, R. C., & Gulati, N. (2020b). A Comprehensive
Survey of IT Sectors Affected by Covid-19. 2020 9th
International Conference System Modeling and Advancement
in Research Trends (SMART), pp. 52-54

T.C. Saghk Bakanlhig: | Erisim tarihi
https://www.saglik.gov.tr/

TEIAS | Erisim tarihi 08 Kasim 2022, https://www.teias.gov.tr/

TEPAV | Erigim tarihi 08 Kasim 2022, https://www.tepav.org.tr/

WHO | World Health Organization. Erigim tarihi 08 Kasim 2022,
https://www.who.int/

Zhong, H., Tan, Z., He, Y., Xie, L., & Kang, C. (2020).
Implications of COVID-19 for the electricity industry: A
comprehensive review. CSEE Journal of Power and Energy
Systems, 6(3).

08 Kasim 2022,

125


https://ourworldindata.org/explorers/coronavirus-data-explorer
https://ourworldindata.org/explorers/coronavirus-data-explorer
https://www.entsoe.eu/
https://www.epias.com.tr/
https://www.ferc.gov/
https://systems.jhu.edu/research/public-health/ncov/
https://www.saglik.gov.tr/
https://www.teias.gov.tr/
https://www.tepav.org.tr/
https://www.who.int/

I European Journal of Science and Technology
Ozel Say1 43, S. 126-135, Kasim 2022 2 Special Issue 43, pp. 126-135, November 2022
© Telif hakki EJOSAT a aittir » A Copyright © 2022 EJOSAT

Aar N r
Arastirma Makalesi www.ejosat.com ISSN:2148-2683 Research Article

Avrupa Bilim ve Teknoloji Dergisi

Structural Analysis of the Nose Landing Gear of a Fighter Aircraft

Gozde Aydin'”, Tbrahim Ozkol?

1" {stanbul Technical University, Departmant of Aeronautics and Astronautics Engineering, istanbul, Turkey, (ORCID: 0000-0003-0142-2056), aydingo@itu.edu.tr
2 fstanbul Technical University, Aerospace Research Center, Istanbul, Turkey, (ORCID: 0000-0002-9300-9092), ozkol@itu.edu.tr

(4th International Conference on Applied Engineering and Natural Sciences ICAENS 2022, November 10 - 13, 2022)
(DOI: 10.31590/¢josat.1200620)

ATIF/REFERENCE: Aydin, G., Ozkol, I. (2022). Structural Analysis of the nose Landing Gear of a Fighter Aircraft. European Journal
of Science and Technology, (43), 126-135.

Abstract

The landing gear, which is one of the most important mechanical systems in aircraft, is the structure that is exposed to landing loads,
one of the most important and critical loads that the aircraft is exposed to throughout its life cycle. In addition to the fact that the landing
gear system must have high strength to these loads, long life, high performance, low volume, minimum weight, and low cost are
important criteria. For this purpose, the optimum design is created by making a structural analysis using the landing gear finite element
method. The main purpose of this study is to analyze the strength criteria by performing the structural analysis of the nose landing gear
of a fighter aircraft. For the design, the most critical static and dynamic loads in the landing condition were calculated and applied as
vertical, side, and drag forces. The displacement and stress values obtained as the final result by using metallic materials such as
Aluminum 7075 T6 alloy, Titanium Ti-6Al-4V alloy, PH13-8Mo, 300M Steel, SAE 1035, and AISI 4340 steel alloy in the nose landing
gear fork, torque links, side stay arms, and main strut were compared. The safety of the parts was examined from the results of the
analysis. CAD drawings were made using Siemens NX and ANSYS SpaceClaim program. Structural analysis was applied with the
ANSYS Workbench program, which uses the finite element method.

Keywords: Landing Gear, Static Structural, Materials, Stress, Deformation, ANSY'S.

Bir Savas Ucagimin Burun Inis Takiminin Yapisal Analizi

Oz

Ugaklardaki en énemli mekanik sistemlerden biri olan inig takimi, u¢agin yagam dongiisii boyunca maruz kaldigi en 6nemli ve kritik
yiiklerden biri olan inis yiiklerine maruz kalan yapidir. Inis takimi sisteminin bu yiiklere kars: yiiksek dayanima sahip olmasinin yani
sira uzun Omiir, yiiksek performans, diisik hacim, minimum agirhik ve diistik maliyet énemli kriterlerdendir. Bu amagla inis takim1
sonlu elemanlar yontemi kullanilarak yapisal analiz yapilir ve optimum tasarim olusturulur. Bu c¢alismanin temel amaci, bir savas
ugaginin burun inis takiminin yapisal analizini yaparak mukavemet kriterlerini analiz etmektir. Tasarim igin, inis durumundaki en Kritik
statik ve dinamik yiikler hesaplanmis ve diisey, yan ve siiriikleme kuvvetleri olarak uygulanmigtir. Burun inis takimi ¢atali, tork
baglantilari, yan destek kollar1 ve ana dikmede, Aliiminyum 7075 T6 alasimi, Titanyum Ti-6Al-4V alasimi, PH13-8Mo, 300M Celik,
SAE 1035 ve AISI 4340 ¢elik alasimi gibi metalik malzemeler kullanilarak nihai sonug olarak elde edilen deplasman ve gerilme
degerleri kargilagtirildi. Analiz sonuglarindan pargalarin giivenligi incelenmistir. CAD ¢izimleri Siemens NX ve ANSYS SpaceClaim
programi kullanilarak yapilmistir. Sonlu elemanlar yontemini kullanan ANSYS Workbench programu ile yapisal analiz uygulanmustir.

Anahtar Kelimeler: inis Takimi, Statik Yapisal, Malzemeler, Gerilme, Deformasyon, ANSYS
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1. Introduction

The landing gear is one of the most complex and critical
systems in aircraft. One of the most basic tasks of the landing gear
is to dampen the reaction forces coming to the aircraft during
landing and take-off. Any damage to the landing gear while
performing this function could result in a serious accident. Many
different types of landing gear have been designed since the
history of aviation. Currently, the most commonly used landing
gear configuration is the tricycle landing gear. This landing gear
is more stable in crosswinds and has good ground
maneuverability. In addition, while fixed landing gears were used
in the designs at first, it has been seen that this type of landing
gear is disadvantageous in terms of aerodynamics over time. The
retractable landing gear has been designed to meet the demands
of higher speed and longer stay in the air. Although it is a more
complex structure, the use of retractable landing gear has become
widespread over time, considering the performance requirements
in aircraft.

This change in the landing gear has advantages as well as
disadvantages. Aerodynamically, the retractable landing gear is
more efficient as it creates less drag than the fixed landing gear.
However, the retractable landing gear has a more complex
structure and is more weight. Weight is one of the most important
elements in airplanes. By reducing its weight, more fuel can be
added, thereby increasing airtime, or by reducing weight, adding
more payload to the aircraft. Therefore, it is always desirable to
reduce the weight of the aircraft. Landing gear makes up about
6% of the total weight of the aircraft. Designing landing gear with
a high strength-to-weight ratio is the most important design
requirement (Currey, 1988).

2. Geometry

First, the tricycle landing gear type was decided. Then, when
deciding on the position of the main and nose landing gear, it
should be ensured that the aircraft moves on the ground, does not
roll over, reduces the side wind effect, and allows maneuverability
during landing and take-off, taking into account the position of
the center of gravity. The weight of the aircraft and the position
range of the center of gravity constitute the main parameters in
the design of the landing gear. Layout should be done by
considering the clearance and tipping criteria. For this, the
position of the center of gravity must be determined well.
However, the position of the center of gravity changes under
different conditions. Therefore, a certain allowable range for the
center of gravity is specified. In the literature, this range is
specified as a ratio of the mean aerodynamic chord (MAC), which
indicates the length between the leading edge and trailing edge of
the wing. The preferred center of gravity is in the range of 8% to
15% MAC (Conway, 1958).

The vertical distance between the landing gear attachment
point to the aircraft and the landing gear contact point with the
ground is called the landing gear height. The distance between the
nose landing gear and the main landing gear is called the
wheelbase. It is a parameter that affects the turning performance
of the aircraft. Greater wheelbase means greater turning angle. It
also affects the load distribution between the landing gear
(Sadraey, 2012).
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The values of the parameters indicating the landing gear
arrangement shown in Hata! Bagvuru kaynagi bulunamadi. are
given in Table 1.

Table 1. Landing Gear Arrangement Parameters
F (mm)
4000

L (mm)
2590

N (mm)
2800

M (mm)
1200

J (mm)
1000

The main structural parts that make up the nose landing gear
can be listed as rim, tire, oleo-pneumatic shock absorbing
cylinder, wheel axle, wheel fork, links, side stay arm, main strut.
The components of landing gear are shown in Hata! Basvuru
kaynagi bulunamada..

Main Strut

Side Stay
Arms

Figure 2 Landing Gear Components

3. Loads

The loadings to the landing gear are examined according to
different landing conditions. For calculations, first of all, it is
necessary to know the weight of the aircraft and the position of
the landing gear relative to the aircraft's center of gravity. When
the plane is in taxi, the wheels of the plane share the weight in
certain proportions. This ratio is inversely proportional to the
distance from the center of gravity. This result is obtained with the
general moment equation. Considering this situation, the main
landing gear is closer to the center of gravity and the nose landing
gear is located further away. Considering the aircraft in the
literature, when the nose landing gear and the main landing gear
are evaluated by proportioning their distance from the center of
gravity, it can be said that the nose landing gear carries about 5-
20% of the load, and the main landing gear carries a load in the
range of 80-95%. (Gudmundsson, 2014).
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The critical forces acting on the landing gear under landing
conditions can be listed as follows.

1- High drag force only when landing.
2- Normal drag and side force during landing.

3- Anti-drag forces by buckling of the strut under high frictional
contact loads.

4- Forces due to brakes throughout the taxi.
5- Forces from rolling back.

6- Rotation and swing forces during taxi.
7- Sharp turning forces on the ground.

When calculating critical loading conditions, 80% of the take-off
weight is used. A landing gear analysis will be performed for a
fighter aircraft with a take-off weight of 16000 kg.

Formulas used for nose landing gear load:

I, +0.4h
Ny =Wy ( Ly + 1, )
Wy . Take-off weight.
l,, : Length between main landing gear and center of gravity.
l,, : Length between nose landing gear and center of gravity.
h : Height of the center of gravity from the ground.

N : Normal force.

l chDp
m w

N, = Wy | ——+
z ™\ L, +1,

Dy =§ *(Drag corresponding to the maximum braking of the

aircraft in motion)
¢ : Coefficient = 2
_LT75x Wr 1y

T L.+,

I + 1,

Dy = %*(Drag versus maximum braking of the aircraft on a main

landing gear while in motion)

S=025%xN
S : Side force

D; =04 XN
D, : Drag force

D, =—-0.7%XN

D, : Drag force in rolling-back

The three most critical conditions for landing are three-point
landing with high friction, taxing with brake and rolling-back. The
forces were calculated for these three conditions using the above
formulas.

4. Materials

The selected materials must be resistant to the incoming
forces under loading conditions. Mechanical properties of
materials are given in tables.

Table 2. Al 7075 T6 Mechanical Properties

e-ISSN: 2148-2683

Densit Young | ..o | Tensile | Yield
( /cm3))/ Modulus Ratio Strength | Strength
g (MPa) (MPa) | (MPa)
2.81 70960 0.33 572 503

Table 3. Ti-6Al-6V-2Sn Mechanical Properties

Densit Young Poisson Tensile Yield

( /cm3>)l Modulus Ratio Strength | Strength
g (MPa) (MPa) | (MPa)
4.54 110300 0.32 1050 980

Table 4. Ti 10V-2Fe-3Al Mechanical Properties

Densit Young Poisson Tensile Yield
( /cm3))/ Modulus Ratio Strength | Strength
g (MPa) (MPa) | (MPa)
4.65 110300 0.33 1430 1240
Table 5. Ti 6Al-4V Mechanical Properties
Densit Young Poisson Tensile Yield
( /cm3>)/ Modulus Ratio Strength | Strength
g (MPa) (MPa) | (MPa)
4.43 113800 0.342 960 880
Table 6. PH13- 8Mo Mechanical Properties
Densit Young Poisson Tensile Yield
( /cm3))/ Modulus Ratio Strength | Strength
9 (MPa) (MPa) | (MPa)
7.80 221000 0.28 1480 1415
Table 7. AISI 1035 Mechanical Properties
. Young . Tensile Yield
I(De/gz:tsy)/ Modulus Ps:‘;%n Strength | Strength
g (MPa) (MPa) | (MPa)
7.87 196000 0.29 620 550
Table 8. 300M Steel Mechanical Properties
Densit Young Poisson Tensile Yield
( /cm3>)l Modulus Ratio Strength | Strength
9 (MPa) (MPa) | (MPa)
7.83 205000 0.28 1931 1586
Table 9. AISI 4340 Mechanical Properties
Densit Young Poisson Tensile Yield
( /cm3))/ Modulus Ratio Strength | Strength
g (MPa) (MPa) | (MPa)
7.7 200000 0.29 1792 1496
5. Methods

The landing gear was analyzed by static analysis in the
ANSYS Workbench program. The flow chart of the modelling
process is shown in the Figure 3.
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Figure 3 Flow Chart of Modelling

5.1. Geometric Modelling

The wheel and rim were removed from the analysis geometry.
The analysis geometry is shown in Hata! Basvuru kaynag
bulunamada..

Figure 4 Analysis Geometry

5.2. Assigning Material Properties

Materials were assigned to the components, taking into account
the loads on the components and the elasticity and strength of the
materials. In some components, different materials were selected
and analyzes were made. The information of the materials
selected for the components is given in the Table 10.

Table 10. Material Information

Component Material
. AISI 4340
Main Strut PH13- 8Mo
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Ti-10V-2Fe-3Al
Ti-6Al-6V-2Sn

Shock Absorber Cylinder 300M Steel

AISI 4340
PH13- 8Mo
Ti-10V-2Fe-3Al

Fork

Al 7075 T6
Ti 6Al-4V
AISI 1035

Torque Links

Axle AISI 4340

Al 7075 T6
Ti 6Al-4V

Side Stay Arms

AISI 1035

5.3. Connections

Contact relationships are defined to the connection areas between
the components. Pin connections are defined as revolute joints.
By determining the bearing areas between the piston and the main
strut, the connection is defined as a cylindrical joint. Bolt
connections are defined as fixed joints.

5.4. Meshing

Tetrahedral elements are generally used in the three-
dimensional model. Hexahedral elements are used in cylindrical
structures. Mesh sizes were adjusted by paying attention to the
element quality of each component above 0.7. The average
element quality of the entire structure is 0.81. The mesh of
geometry is shown in the figure.

Figure 5 Mesh of FE Model

5.5. Load and boundary Conditions

In the oleo pneumatic shock absorber, compression in the nitrogen
gas was applied as a pressure load. In addition, according to the
load calculations, analyzes were made for the three most critical
conditions. These forces were applied on the axle as a remote
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force from the wheel contact point. The loads for these critical
conditions are given in the Table 11.

G: Static Structural
Total Defarmation

Table 11 LoadS Type: Total Deformation
Unit:
ﬁ:rlwe:r?m
Noise Landing Gear Loads (N) 14 Max
12
Case Condition - 1
Normal Drag Side 9
Force Force Force &
Three point 431,5
1 landing with | 101085 80868 0 15
high friction 0,00065 Min
Taxing with
2 Xing wi 112310 = 56155 28077
brake
3 Rolling-back | 55225 -38657 0
6 Figure 7 Case 1- Deformation
. Results
As a result of stress analysis, Von-Mises stresses and
deformation results were examined. The stress and deformation H: Copy of Static Structura \
o iy . Equivalent Stress
results for the three critical conditions of the landing gear system Type: Equivalent (von-Mises) Stres
are shared in the figures below. Stress and deformation values Jnit MPe
caused by material changes on a component basis are shared in '
1551 Max
the tables. 200
FLTA
675
G: Static Structural 62,3
Equivalent Stress 450
Type: Equivalent {von-Mises) Stres 3375
Unit: b4Pa 225
Tirre: 1 112)5
1150,8 Max 0,0004456 Min
T00
6125
525
4375
350
262,5
173
a7s

0.00021737 Min Figure 8 Case 2- Von-Mises Stress

H: Copy of Static Structura
Total Deforrmation
Type: Total Deformation
Unit: rarm

Tirne: 1

Figure 6 Case 1- Von-Mises Stress

0,00055 Min

Figure 9 Case 2- Deformation
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AISI 4340 22.98 798 1.8 0.87

I: Copy of Copy of Static 5t
Equivalent Stress
Type: Equivalent fvon-Mises) Stres PH13'
nit; MPa 2328 797 17 077
-lL—IImtE:h?P 8MO
1348 Max Ti-10V-
000 13.88 807 2.4 0.53
866, 2Fe-3Al
far Ti-6AI-6V-
i 23N 13.55 805 2.4 0.22
37,3
2475
123,8
0,0004294 Min 798 Max
750
636
563
489
375
282
188
o,2
Figure 10 Case 3- Von-Mises Stress 0.495 Min

I: Copy of Copy of Static 5t
Total Defarmation

Type: Total Defarmation
Unit: mm

Hnis Figure 12 Von-Mises Stress of Main Strut for AISI 4340

20 Max

18

16

14

1

9

6,8

45

2.3

0,0014 Min

Figure 11 Case 3- Deformation ) ) )
Figure 13 Von- Mises Stress of Main Strut for PH13-8Mo

As a result of the stress analysis, with factor of safety

calculations the reliability of the structure is determined. The 807 Max
factor of safety is found by the ratio of the yield stress to the 580
maximum stress. The margin of safety is equal to the factor of ped
safety minus one. 300
. £ Saf FS) = Yield Stress fgg
actor of Safety (F.S.) = Maximum Stress 753

and 0,33 Min

Yield Stress

Margin of Safety (M S) = m -

6.1. Main Strut

For the main strut, analyzes were made using AISI 4340,
PH13-8Mo, Ti-10V-2Fe-3Al, and Ti-6Al-6V-2Sn materials and
the results are shared in the Table 12. Since the most critical
condition for the main strut is Case 3, the results for Case 3 are Figure 14 Von- Mises Stress of Main Strut for Ti 10V-2Fe-3Al
compared.

Table 12. Results of Main Strut

. Max. .
Material Weight Stress Deformation M.S.
9) | \vpa) (mm)
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8§05 Max

750
656
563
462
375
281

188

0,331 Min

Figure 15 Von- Mises Stress of Main Strut for Ti-6A1-6V-2Sn

6.2. Fork

For the main strut, analyzes were made using AISI 4340,
PH13-8Mo and Ti-10V-2Fe-3Al materials and the results are
shared in the Table 13. Since the most critical condition for the

Avrupa Bilim ve Teknoloji Dergisi

fork is Case 2, the results for Case 2 are compared.
Table 13. Results of Fork

994 Max

825
o7
SeQ
A7
354
236
118
0,119 Min

Figure 17 Von-Mises Stress of Fork for PHI3-8Mo

1052 Max
3

8251

7073

5894

471,5

353,7

2358

118

0,09597 Min

Figure 18 Von-Mises Stress of Fork for Ti-10V-2Fe-3Al
6.3. Torque Links

For the torque links, analyzes were made using Al 7075 T6, Ti
6Al-4V and AISI 1035 materials and the results are shared in the
Table 14. Since the most critical condition for the torque links is

. Max. .
Material V\Ei'g)ht Stress Def?rl;]r?na;tlon M.S.
g (MPa)
AISI 4340 11.93 997 18.3 0.5
PH13-
8Mo 12.09 994 17.4 0.42
Ti-10V-
SFe-3A| 7.2 1052 26.12 0.18
997 Max
43
825
707
589
a7
354
236
118
0,116 Min

Figure 16 Von-Mises Stress of Fork for AISI 4340
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Case 1, the results for Case 1 are compared.
Table 14. Results of Torque Links

. Max. .
Material V\?Ii'g)ht Stress DEf(()r:anl]a)tlon M.S.
9 (mpa
Al 7075
T6 1.04 47 4 9.7
Ti 6Al-4V
1.64 60 3 13.7
AISI 1035
291 86 2.9 5.4
47 Max
42
36
Kl
26
21
16
10
52
0,06 Min

Figure 19 Von-Mises Stress of Torque Links for Al 7075 T6
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429 Max
330

60 Max
53

a6

40

33

27

20

13

67

0,11 Min

Figure 20 Von-Mises Stress of Torque Links for Al 7075 T6

— 86 Max
77
67
58
48
38
s
19
L 3 25 Min Figure 22 Von-Mises Stress of Side Stay Arms for Al 7075 T6
436 Max
330
250
220
185
150
113
Figure 21 Von-Mises Stress of Torque Links for AISI 1035 [ 7

40
1.75 Min

6.4. Side Stay Arms

For the side stay arms, analyzes were made using Al 7075 T6,
Ti 6Al-4V and AISI 1035 materials and the results are shared in
the Table 15. Since the most critical condition for the side stay
arms is Case 2, the results for Case 2 are compared.

Table 15. Results of Side Stay Arms

. Max. .
Material V\?Ia(lg)ht Stress Defc()rl;]mma;tlon M.S.
9 (MPa)
Al 7075
T6 2.7 429 211 0.17
Figure 23 Von-Mises Stress of Side Stay Arms for Ti 6A1-4V
Ti 6Al-4V
4.28 436 1.25 1.02 423 Max
330
AISI 1035 220
7.6 423 0.71 0.3 185

150
|: 113
7
A0
1,4 Min

Figure 24 Von-Mises Stress of Side Stay Arms for AISI 1035
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6.5. Shock Absorber Cylinder

For the shock absorber cylinder, analyzes were made using
300M Steel the results are shared in the Table 16.

Table 16. Results of Shock Absorber Cylinder

. Max.
Weight Stress

ko) (vPa)

Deformation

Material
(mm)

M.S.

300M 4 1489 4.8 0.1

1489 Max
1350

1200

1060

250

750

500

350

175

0,0003958 Min

Figure 25 Von-Mises Stress of Shock Absorber Cylinder for
300M

6.5. Axle

For the axle, analyzes were made using AISI 4340 Steel the
results are shared in the Table 17.

Table 17. Results of Axle

. Max. -
Material V\Eeklg)ht Stress Def(()rrnrrrl]a)tlon M.S.
g (MPa)
AISI 4340 4.1 891 27.1 0.68
891 Max
a0
i
6a0
550
440
330
220
110
0,0445 Min

Figure 26 Von-Mises Stress of Axle for AISI 4340

7. Discussion

The accuracy of this study is based on ref. 13 and 14. In both
studies, the landing gear was analyzed with the ANSYS program
and the structural behavior of titanium alloy 6Al-4V, aluminum
alloy 7075 T6 and SAE 1035 steel was investigated. As a result
of the studies, it was seen that the lowest deformation was in SAE

e-ISSN: 2148-2683

1035 steel. Likewise, the same materials were used for the torque
links and side stay arms in this study, and the lowest deformation
was seen in 1035 steel. Thus, the accuracy of the prepared model
is proven. The deformation values and comparison for different
materials are shown in

Table 18 and Hata! Bagvuru kaynagi bulunamadi..

Table 18 Deformation Comparission

Deformation (mm)

. Ref. | Torque | Side Stay

Material Ref. 13 14 Links Arms
Al 7075 T6 2.82 0.35 4.0 2.11

Ti 6Al-4V 1.77 0.3 3.0 1.01
AISI 1035 1.03 0.25 2.1 0.71

Deformation (mm)

4,00

3,50

3,00

2,50

2,00

1,50

1,00

0,50

0,00

Al 7075 T6 Ti 6Al-4V AISI 1035

e Rf 13 e Ref 14 Torque Links === Sjde Stay Arms|

Figure 27 Comparission of Deformation Between Different
Materials

4. Conclusions and Recommendations

This study was written with reference to T. D. Nygyen's
"Finite Element Analysis of a Nose Gear During Landing" (2010).
Structural analysis of the nose landing gear was carried out using
the finite element approach. First of all, critical landing conditions
were determined and load calculations were made. Then, the
contact relationships between the components are defined. Loads
were applied as remote force using the method in the reference
source. After these processes, the structural analysis of the landing
gear system was made for different materials. The results were
compared on the basis of parameters such as deformation and
stress. Depending on the design requirements, weight,
deformation and stress constraints are examined and material
changes or design changes can be made in line with the
requirements.
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Oz

Biyoteknoloji girisimciligi, bilimsel ve ticari disiplinlerin kaynasmasi yoluyla yasami degistiren iirlinler yaratan ve ticarilestiren bir
girigim olusturmak i¢in zaman i¢inde birlikte ¢aligsan bireylerden olusan bir ekip tarafindan gergeklestirilen tiim faaliyetlerin toplamini
ifade etmektedir. Biyoteknolojik faaliyetler sonucunda bulasici hastaliklarda bulas riskinin azaltilmasi, fosil yakit kullanim oraninin
azaltilmasi ve biyoyakit kullaniminin artirilmasiyla sera gazi saliniminin minimize edilmesi, biyokimyasal temizlik iiriinleri ile su
kullanimmin ve atik iretiminin azaltilmasi, zirai zararlilarla miicadelede ¢evreye verilebilecek zararm en aza indirilmesi gibi
faydalariyla birlikte; gelecekte de yasam siiresi ve kalitesinde iyilestirilmesine yonelik saglk, gida, tarim, su, enerji, giyim gibi
ihtiyaclarm dogal kaynaklardan karsilanabilmesi yoniinden de bu faaliyetler olduk¢a 6nemli goriilmektedir. Diinyada teknolojinin
gelismesiyle de artik ileri teknolojiye sahip 6zgiin {irtinlere doniik iiriin ve ¢aligmalarin belirleyici rol oynayacagi goriilmektedir. Bu
caligmada, Tirkiye’de biyoteknoloji girisimciligi Oniindeki engellere deginilerek, bu engeller ¢ok kriterli karar vermede kriter
agirhiklandirmada kullanilan subjektif metotlardan olan SWARA metoduyla agirliklandirilmistir. Calisma, sunulacak ampirik analiz

bulgulariyla aragtirmacilara biyoteknoloji girisimciligi 6niindeki engellerde hangi faktorlerin daha énemli rol oynadiginin saptanmasi
bakimindan katki saglayacaktir.

Anahtar Kelimeler: Biyoteknoloji, Girisimcilik, Biyogirisimcilik, SWARA Metodu.

Weightening the Bariers to Biotechnology Entrepreneurship in
Turkey by SWARA Method

Abstract

Biotechnology entrepreneurship refers to the sum total of all activities performed by a team of individuals working together over time
to create an enterprise that creates and commercializes life-changing products through the fusion of scientific and commercial
disciplines. Along with the benefits such as reducing the rate of infectious diseases as a result of biotechnological activities, reducing
the use of fossil fuels and increasing the use of biofuels, minimizing the greenhouse gas effect, reducing the use of water and waste with
biochemical cleaning products, and giving less damage to the environment in the fight against agricultural pests; These activities are
considered very important in terms of meeting the needs of natural resources for health, food, feed, clean water, energy and clothing for
increasing life expectancy and quality in the future. With the development of technology in the world, it is now seen that developments
in advanced technology, complex and unique products will play a decisive role. In this study, the obstacles in front of biotechnology
entrepreneurship in Turkey are mentioned and these obstacles are weighted with the SWARA method, which is one of the subjective
methods used in criterion weighting in multi-criteria decision making. The study will contribute to the researchers in terms of
determining which factors play a more important role in the barriers to biotechnology entrepreneurship with the empirical analysis
findings to be presented.

Keywords: Biotechnology, Entrepreneurship, Bioentrepreneurship, SWARA Method
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1. Giris

Insan yasaminda biyolojik arastirmalarin eski bir tarihe sahip
oldugu bilinmektedir. Baglangicta bilingli olmadan kullanilan bu
faaliyetlerin biyolojik bilimlerdeki gelismeler ve teknolojik
yenilikler ile bilingli kontrollii bir sekilde uygulanmasina sebep
olmugtur. 20.yy sonlari ve 21.yy baslarinda biyoteknolojinin
gelisiminde, genom bilimi, rekombinant DNA teknolojisi gibi
calismalar1 olduk¢a etkili olmustur. Bazi hiicrelerin biiyiik
miktarda iiretiminin zorlugu, dogal kaynak kullanimindaki
kisitlilik ve maliyet gibi bir ¢ok faktor biyoteknolojik gelisimi
oncelikli ve zorunlu ihtiyag haline getirmistir (Kiper, 2013).

Biyoteknolojinin kullanimi1 aslinda binlerce yil 6ncesine
dayanmaktadir ve tarimin baglangicina denk geldigi kabul
edilebilir: biyoteknolojik tip islemler, bira (tahillarin
fermantasyonu ile elde edilen), yogurt ve sarap gibi eski ¢aglardan
beri bilinen driinleri elde etmek igin kullanilir (Sadrae vd., 2018:
546). Biyoteknoloji faaliyetleri her ne kadar eski zamanlara
dayansa da donemsel olarak gelisim siirecinde farkli engellerle
karsilagildig1 soylenebilir. Var olan bilgi ve ilgili alanda yapilan
calismalarin gelismesi, teknolojik ilerleme, ekonomik gelisme ve
kaynaklara erisim bu faktorlerin gelismesini etkileyen onemli
unsurlardandir.  Geligsmis {ilkelere bakildiginda Tiirkiye’de
biyoteknoloji ve biyoteknoloji girisimciligine yapilan yatirim ve
destekler her ne kadar yeterli gériilmese de bu durumun altinda
yatan sebeplerin arastirilmasi da konunun 6neminin anlagilmasi
ve sorunlara ¢dziim Onerileri sunulmasina imkan saglayacaktir.
Bu calismada da Tiirkiye’de biyoteknoloji girisimciligi oniindeki
engellere deginilmis ve bu engeller ¢ok kriterli karar vermede
(CKKYV) kriter agirliklandirma i¢in kullanilan subjektif bir metot
olan SWARA metoduyla agirliklandirilmistir.

2. Kavramsal Cerceve Ve Literatiir

Biyoteknoloji muazzam potansiyele sahip bir bilim alanidir.
OECD biyoteknoloji kavramini, biyolojik ajanlar kullanarak
(mikroorganizmalar, enzimler, hayvan veya bitki hiicreleri gibi)
malzemeleri doniistirmek i¢in mal ve hizmet tiretmek amaciyla
bilimsel ve miihendislik ilkelerinin (mikrobiyoloji, genetik,
biyokimya, kimya ve biyokimya miihendisligine dayalr)
kullanilmasidir seklinde ele almigtir. (OECD, 1989).

Karl Ereky tarafindan kullanilmaya baglanan biyoteknoloji
teriminin tanim ve kapsamini gelisen modern tekniklerle birlikte
farklilik kazanmigtir. Karl Ereky tarafindan “Biyoteknolojik
sistemler  yardimiyla ~ hammaddelerin  yeni  iriinlere
donistiiriildiigi islemlerdir” seklinde tanimlanan biyoteknoloji
kavrami gelismis biyoteknolojik sistemlerin kullanimindan sonra
molekiiller  diizeyde Dbaglayan calismalarla  kapsminin
genislemesiyle farkli sekillerde ifade edilmeye baslanmigtir
(Kayihan, 2018: 9). Birlesmis Milletler Biyolojik Cesitlilik
Konvansiyonuna gore biyoteknoloji “Uriinlerin ya da siireclerin
iiretimi veya modifikasyonu i¢in biyolojik sistemlerin veya canli
organizmalarin kullanildig1 teknolojik uygulamalar” seklinde
ifade edilmektedir. Diger bir ifadeyle biyoteknoloji “Belirli bir
kullanima yonelik olarak, iirlin ve siiregler gelistirmek veya
varolanlar1 degistirmek icin, biyolojik sistemler, yasayan
organizmalar veya tilirevlerini kullanan her tiirli teknolojik
uygulama olarak” tanimlanmaktadir. Glinimmiizde biyoteknoloji
multisipliner olarak biyoteknoloji  ¢aligmalari;  genetik,
mikrobiyoloji, biyokimya, gida mihendisligi, , molekiiler
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biyoloji, , hiicre biyolojisi, embriyoloji gibi biyolojik bilimlerle
birlikte elktrik, kimya miihendisligi, biyoenformatik vb. farkli
alanlarda da bilgi ve yontemleriyle Kullanilmaktadir (Tanyolag
vd., 2018: 601).

Biyolojik teknolojilerin tarih boyunca yapilan birgok
kullanimimi daha iyi anlamak i¢in OECD, biyoteknolojileri ii¢
kategoride smiflandirmistir: Fermantasyon gibi binlerce yillik
geleneksel biyoteknolojiler; Asi, enzim ve hibrit elde etmek icin
kullanilan biyolojik siiregler gibi sanayi devriminden sonra
gelistirilen modern biyoteknolojiler; 1970'den beri DNA
rekombinasyonu ve hiicre fiizyonunun kesfi sayesinde gelistirilen
yeni biyoteknolojiler ( Nosella vd., 2005).

Saglik, tarim, gevre, gida, enerji alanlarinda bir ¢ok yasam
alaninda biyoteknoloji yer almaktadir. Bu sebeple biyoteknoloji
farkli alanlarda farkli renk kodlariyla ifade edilmektedir. Saglik
ve medikal alaninda Kirmizi Biyoteknoloji, Su ve deniz alaninda
Mavi  Biyoteknoloji , Gida ve beslenme alaninda Sari
Biyoteknoloji, Tarim ve gevre alaninda Yesil Biyoteknoloji,
Sulama ve ¢O6llesme alanlarinda Kahverengi Biyoteknoloji,
Endiistriyel alanda Beyaz Biyoteknoloji, Klasik fermentasyon ve
biyoproses  teknolojisi  alaninda ~ Gri  Biyoteknoloji,
Biyoinformatik ve nanobiyoteknoloji alanlarinda  Altin
Biyoteknoloji  ve Biyoteror ve biyosu¢ alanlarinda Siyah
Biyoteknoloji  kavramlart  kullanilmaktadir  (Akkaya ve
Pazarlioglu, 2012).

Tiirkiye’nin biyoteknoloji alaninda yaptig1 c¢aligmalara
bakildiginda, 1982 yilinda Enzim Teknolojisi ihtisas Komisyonu
olusturulmus, 1984 yilinda Biyoteknolojide Tiirkiye’nin
Onceliklerini Saptamaya Yonelik Thtisas Komisyonu kurulmus,
1985 yilinda ise TUBITAK tarafindan Biyoteknoloji Alaninda
Tiirkiye ve Gelistirme Politikasi baglikli rapor hazirlanarak
politika onerileri yapilmistir. Ote yandan Vizyon 2023 Strateji
Belgesi’nin ¢aligma raporlarinda da “21. yiizyilin teknolojisi
olarak tanimlanan biyoteknolojiye sadece insanimizin yasam
kalitesini yiikseltmekle sinirli olmayan ekonomik ve teknolojik
bir {istiinliik kazandirilacaktir” ifadesi yer almaktaditr. Ozellikle
saglik ve tarim sektorlerinde biyoteknolojik uygulamalarin
basarili bir sekilde uygulanmasiyla saglanabilecek sinerjideki
etkilerinin ¢ok daha biiylik olacag:i diigtiniilmistir (Yardime,
2013: 44). Bununla birlikte biyoteknolojinin diinyada giderek
artan 6nemi diisiiniildigiinde bu konuda yasanan gelismeleri goz
ard1 etmeden biyoteknoloji sektoriinde siirdiiriilebilir ve etkin bir
yaptya ulagabilmek amaciyla “Tiirkiye Biyoteknoloji Stratejisi ve
Eylem Plan1 (2015-2018)” yayimlanarak yiiriirliige girmistir.

Tirkiye 9. Bes Yillik Kalkinma Plani’nda  aragtirma-
gelistirmeye dayanan {iretim yeteneginin gelistirilmesi ve
giiclendirilmesi  i¢in  Oncelikli alan olarak  belirlenen
biyoteknoloji, multidisipliner yeni arastirma teknolojileri ve
yontemlerini kapsayan cesitli sektorlerde uygulama alanlarini
igermektedir. Sektorel verimlilik ve inovasyon yoniinden
glinimiizde  biyoteknoloji  ve  biyoteknoloji  arastirma
teknolojilerinin goz ardi edilmesi miimkiin degildir. Saglik, gida,
tarim ve hayvancilik, ¢evre, endiistri vb. alanlarda yer almaya
baglayan biyoteknoloji, bu sektorlerde alt yapi, personel
donanimi, arastirma ve gelistirme faaliyetlerini, {retilen {iriin
niteligi ve miktar1 gibi hususlara farkli bakis agis1 kazandirmistir.
Geleneksel sektorlerin yaninda hormon, antibiyotik ve baz1 diger
ilag aktif maddesi olan kimyasallar, rekombinant protein ve
proenzimlerin iiretimi, artik ve atik maddelerinden yeni enerji
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kaynaklar1 iiretme gibi 6zel alanlar da biyoteknolojinin alt
sektorleri arasinda yer almaktadir (Kiper, 2013: 33).

Biyoteknolojinin kritik bilyiikliige ulasabilmesinde asagida
yer alan bazi kurumsal yetkinliklere sahip olmasi gerektigi
vurgulanmaktadir (Bartholomew, 1997):

e Temel arastirma alanlarindaki yerli fonlarin diizeyi
ve kapsami

e Alandaki uluslararasi arastirma kurumlariyla olan
iligkiler

o Temel ve diger bilimsel alanlardaki egitim seviyesi

e Arastirma- Gelistirme Enstitiilerinin ¢aligmalarini
ticarilestirebilme becerileri

e Universite- Sanayi isbirlikleri ve hareketlilik

e Risk sermayesi kaynag1 ve pazarinin biiyiikligii

e Teknoloji alaninda hiikiimet ve
kurumlarin/sirketlerin basar1 diizeyi

e Tlgili alanda teknoloji birikimi

TUIK, biyoteknoloji faaliyetinde bulunan girisim kavramin
“Urlinlerinde veya hizmetlerinde biyoteknoloji  kullanan
(biyoteknolojik tekniklerden en az birini kullanan) ve/veya
biyoteknoloji Ar-Ge faaliyeti gerceklestiren girisim teknoloji ve
mithendisligi bir araya getiren ileri modern biyoteknoloji
uygulamalari) girisimler” seklinde ifade etmistir (TUIK, 2020).
Bugiin is diinyasi, yeni pazar alanlar1 ve {irlinler yaratma
arayistyla dolu. Yeni iriinlerin yaratilmasi, teknolojinin
yayilmasi, tretkenligin ve kalitenin artirilmasi ve hizmetlerin
iyilestirilmesi yoluyla yeni pazar alan1 bigimindeki is, her zaman
ilerlemenin aktif temsilcisi olmustur. Biyoteknoloji, bilgi havzasi
yoluyla ekonomik sektérde yeni bir ufuk yaratmis ve yatirimcilar
ve girisimciler, biyoteknoloji sektorlerine yonelmeye baslamistir.

Biyoteknoloji sektorii oldukga biiyiik bir pazardir. Biiytime
oraninda yasanan diigiise ragmen, biyoteknoloji endiistrisi hala
biiyiik gelirler saglayan ve biiyiik dl¢ekte insanlari istthdam eden
ekonomik bir motordur. 2016 yilinda, halka agik ABD ve Avrupa
biyoteknoloji sirketlerinin toplam geliri 139,4 milyar ABD dolar1
rekor seviyeye ulasti ve ayni sirketler 200.000'den fazla kisiyi
istihdam etmistir (EY 2017: 32). Ancak bu durum, sadece
biyoteknoloji endiistrisinin kapsaminda degildir. Diinya ¢apinda
yapilan bir biyoteknoloji hamlesi, uygun becerilere sahip
¢alisanlara istihdam yaratarak ekonomiye katkida bulunmaktadir
(Aziz ve Rowland, 2018: 62).

Herhangi bir iilkede bir biyoteknoloji endiistrisinin gelisimi,
teknolojinin 6zellikleri - 6zellikle bilimsel bilgiyle yakin iliskisi -
iilkeye 6zgii faktorler - bilimsel bilgi tabaninin diizeyi ve dogas,
kurumsal yap1 ve hiikiimetin iistlendigi rol— iilkenin yeni
firsatlardan yararlanma ve ilgili sonuglar1 uygun hale getirme
yetenegi ile bigimlenir (Fontes, 2001: 60). Girisimci yliksek
teknoloji firmalarinin yasadigi endiistrilerde, kurumsal basarinin
birincil belirleyicisi, firmanm yeni {riinler gelistirme hizidir
(Stalk ve Hout 1990). Yeni {irtinleri hizli bir sekilde gelistirme ve
piyasaya siirme yetenegi, daha fazla finansal bagimsizlik, dig
goriiniirlik ve mesruiyet, erken pazar pay1 igin erken nakit akiglar
elde etmek ve hayatta kalma olasiligini artirmak i¢in énemlidir .
Ayrica, bir firma yeni triinleri ne kadar hizli gelistirir ve bunlari
pazara sunarsa, ilk hamle avantajlarin1 yakalama olasilig1 o kadar
yiiksek olacaktir. Bu, patent korumasmin goreceli etkinliginin,
"kazanan her seyi alir" senaryosunun var oldugu patent yarislaria
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yol actig1 farmasotikler gibi endiistriler icin kesinlikle dogrudur
(Deeds ve Hill, 1996: 42).

fleri teknolojik sektorlerin ortaya g¢ikmasindaki kritik
unsurlardan biri, ilgili alanlarda bilimsel ve teknolojik
yeteneklerin ve bunlarin ticari amaglarla uygulanmasmdaki
yeterliliklerin gelistirilmesidir. Ancak orta diizeyde gelismis
iilkeler (IDC'ler), bilgi iretimi ve birikimi tizerindeki kisitlamalar
ve zayif teknoloji ve sermaye piyasalar1 nedeniyle bu alanlarda
kapsamli yetkinlik gelistirme siirecleri i¢in gerekli kosullart ve
tegvikleri olugturamayabilir (Fontes, 2007: 351).

3. Yontem (SWARA Metodu)

Kriter agirliklandirmada siklikla kullanilan metodlardan olan
SWARA (Step-Wise Weight Assessment Ratio Analysis) metodu
ilk olarak KerSuliene vd. (2010) tarafindan Onerilmistir. Bu
metodta alternatifler degerlendirilirken belirlenen kriterler daha
onemliden 6nemsize dogru siralanir ve uzmanin karariyla oylama
yapilarak Onemsiz kriterler elimine edilmektedir. Kalan
kriterlerde 6nem agirliklar1 hesaplanirken her bir karar vericinin
belirledigi siralama dikkate alinmaktadir (KerSuliene vd., 2010).
SWARA yontemini kullanarak kriterlerin goreli agirliklarini
belirleme siireci asagidaki adimlar kullanilarak dogru bir sekilde
gosterilebilir (Stanujkic vd., 2015: 182):

Admm 1. Kriterler, olasit 6énem diizeylerine gore azalan sekilde
siralanir ve en énemli kriter 1,00 puanini alir.

Adim 2. Ikinci kriterden baslanarak, uzman her bir kriter icin j
kriterinden bir 6nceki (j-1) kritere gore goreceli 6nem degerlerini
belirler. Kersuliene vd. (2010), bu oranmi ortalama degerin
kargilagtirmali 6nemi, (S ) olarak ifade etmektedir.

Adim 3. Katsay1 degerleri esitlik (1) yardimiyla belirlenir.

kf:{sjil j>i @)

Adim 4. Onem vektdrii esitlik (2) yardimiyla hesaplanir.
1 j=1

wj = {";(—;1 ji>1 ©)

Adim 5. Son olarak kriterlerin agirlik degerlerinin hesaplanmasi
esitlik (3) ile yapilmaktadir.

Wi

qj 3)

=%
Zk=1 Wk

4. Veri Seti ve Bulgular

Calismada TUIK tarafindan “biyoteknoloji girisimciligi
Oniindeki engeller raporu”nda yer alan engeller baz alinmig ve bu
engeller uzman goriisiine sunularak O6nem sirasi ve derecesi
belirlenmis ve karar matrisi olugturulmustur.
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Tablo 1. Biyoteknolojik Ar-Ge Faaliyetleri Oniindeki Engellere
Gore Girisim Sayilari

Biyoteknolojik Ar-Ge

Faaliyetleri oniindeki engeller 2018 | 2019 | 2020
1.Sermayeye erigim 210 | 219 304
2.Teknolojiye/bilgiye erigim 112 | 99 169
3 .N}tel1kl1 insan kaynaklarma 181 | 185 248
erisim

4.Uluslararasi piyasalara erisim | 80 65 102

5.Dagitim ve pazarlama

kanallarinin eksikligi 59 53 &

6.Genel algi/kabul 77 82 118

7.Yasa.1 (_1uzen_leme 122 | 115 171

gereksinimleri

8. Bagkalar tarafindan tutulan

patent haklari/yiiksek lisanslama | 86 86 129

maliyetleri

9.Genomlar, protein dizileri

iizerine veri tabanlarina erisim

IO.Yu_rt disindan genetik kaynak 128 | 113 160

temini

11.Teknoloji transferi 118 | 103 165
Kaynak: TUIK (2020)

95 95 131

2018, 2019 ve 2020 yillarindaki Biyoteknolojik Ar-Ge
Faaliyetleri Oniindeki Engellere Gore Girisim Sayilar
degerlendirildiginde toplam girisim sayilar1 ic¢indeki oransal
olarak en c¢ok paya sahip olan engellerin sermayeye erigim,
nitelikli insan kaynaklarina erigim, teknolojiye/bilgiye erisim ve
yasal diizenleme gereksinimleri oldugu goriilmektedir. Bu durum
Tiirkiye’de biyoteknolojik girsim faaliyetlerinde girisimcilerin
halen finansman ve insan kaynagi elde etmede zorlandiklarinin
bir gostergesidir.

Tablo 2. SWARA Metodu Bulgulari

Biyoteknolojik Ar-Ge Faaliyetleri Aglrhk .
- . Degerleri
oniindeki engeller .
(wj)
1.Sermayeye erigim 0.1592
2.Teknolojiye/bilgiye erigim 0.0801
3.Nitelikli insan kaynaklarina erigim 0.1224
4.Uluslararasi piyasalara erisim 0.0728
S.D.agll‘El.m ve pazarlama kanallarinin 0.0925
eksikligi
6.Genel algi/kabul 0.0600
7.Yasal diizenleme gereksinimleri 0.1020
8. Bagkalari tarafindan tutulan patent 0.0662
haklar1/yiiksek lisanslama maliyetleri '
9.Genomlar, prgteln dizileri iizerine veri 0.0630
tabanlarina erigim
10.Yurt digindan genetik kaynak temini 0.0971
11.Teknoloji transferi 0.0841

Calismada belirlenen engeller uzman goriisiine sunulmus ve
oncelikle uzmanin en Onemli kriterden baglayarak &nem
diizeylerini belirlemeleri istenmistir. Calisma sonucunda uzman
goriisii yardimiyla engellerin 6nem sirasi ve derecesi tespit
edildikten sonra karar matrisi olusturulmustur. Sirasiyla yontem
kisminda yer alan esitlik (1), esitlik (2) ve esitlik (3) yardimiyla
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Katsay1 degerleri, Onem vektdrii ve kriter

hesaplanmstir.

agirliklar

Calismadan elde edilen bulgulara gére, SWARA yontemiyle
elde edilen agirlik degerlerine bakildiginda Tiirkiye’de
biyoteknoloji Ar-Ge faaliyetleri 6niindeki engellerden en nemli
agirhiklara sahip olan engellerin Sermayeye erisim (% 15,9),
Nitelikli insan kaynaklarma erisim (%12,2), Yasal diizenleme
gereksinimleri (%10,2) oldugu bulgusuna ulasilmistir. Nitekim
girigim sayis1 oranlarina bakildiginda Sermayeye erigsim (0,171),
Nitelikli insan kaynaklarina erisim (0,1402), Yasal diizenleme
gereksinimleri  (0,096) engellerinin  tim  biyoteknolojik
girisimciligi engelleri arasinda biiyiilk orana sahip oldugu
goriilmektedir.

3. Sonuc ve Oneriler

Biyoteknolojideki hizli gelisme, bir¢ok sektdre entegre
olabilmesi ve yasam biliminde teknik ve araglarin tamaminin
kullanilabilmesi gibi 6zellikleriyle giinimiizde ve gelecekte
kiiresel ekonomide ciddi etkilerinin olmasi beklenmektedir. Bu
etkiler, var olan verimligini artirmak ve siireci hizlandirmak i¢in
reticilerden, tedarikgilere, baglantili kurum ve kuruluslar
(tiniversiteler, ticari birlikler ve ilgili devlet kuruluslari) ilgili
alanda biyokiimeler olusturmaya baslamistir. Ulusal inovasyon
sistemlerine 1iliskin son literatiir, Universiteler, endiistriyel
kuruluglar ve devlet kurumlari arasindaki yogun bilimsel
isbirliklerini gostermektedir (Etzkowitz ve Leydesdorff, 2000;
Etzkowitz ve digerleri, 2000) ve bu durum iniversite
arastirmalarinin giderek artan bir sekilde ulusal bilgi yogun
aglarin bir yeri olarak islev gorebilecegini gostermektedir.
Ozellikle uluslararas1 sektorde yaygin bir sekilde kullanilan
kiimelenmenin  saglayacagi is birlikleri ile arastirmacilara
saglanan hizmetler ile ¢alisanlarin kazanacagi teknolojik bilgi ve
deneyimler, arastirma gelistirme faaliyetlerinin ve ortaya ¢ikacak
iiriinlerin dretimini kolaylastiracag: diisiiniilmektedir. Ayrica
olusturulan biyokiimeler aglarin gelismesine, son kullaniciya
iriiniin ulagtirilmasina ve TUriiniin ticarilestirilmesine imkan
taniyacaktir.

Birgok gelismis ve gelismekte olan iilke biyoteknoloji
alaninda arastirma ve inovasyonu desteklemekte ve bu gelisimin
strdiiriilebilir olmasi igin bazi politika ve strateji planlar
yapmaktadir. Biyoteknoloji alaninda ulusal ve uluslararasi
nitelikteki biitlinlesik bir stratejinin uygulamaya gegirilmesi ve bu
stratejilerin desteklenmesi, Ar-Ge ¢iktilariin
ticaretlestirilmesinde, yeni sirketlerin kurulmasinda ve patent
iiretilmesinde olumlu gelismelere de olumlu katkilari olacaktir.
Ayrica Ozel sektorde biyoteknoloji alaninda yapilan Ar-Ge
faaliyetlerine olan ilginin artirilmasinda var olan desteklerin
gelismis tilkelerin ve AB iilkelerinin destekleri dikkate alinarak
artirilmasi var olan yatirimlarin artmasina ve yerli iiriinlerin de
uluslararasi pazarlara ulagmasinda faydali olacaktir.

Tiirkiye biyoteknoloji alaninda temel politikasinin, muhtemel
etkilere yonelik biyolojik ¢esitliligin kazanilmasi, insan ve
hayvan sagliginin korunmas: temel ilkeleriyle birlikte ulusal
ihtiyaglara  yonelik giinimiizde ve gelecekte modern
biyoteknoloji ve Triinlerden faydalanilmas: seklinde ifade
etmisgtir. Bununla birlikte ulusal biyoteknoloji stratejisinde
biyokiimelenme ve inovasyonun desteklenmesine, yapilan
projelere desteklerin artirilmasi ve nitelikli eleman kazanimi
oldugunu bildirmistir (Kiper, 2013: 41). Tirkiye’de ozellikle
biyoteknoloji sektdriinde Ar-Ge ve inovasyon caligmalarinin
desteklenmesi ve bu yapmin gelisiminin siirdiiriilebilirlik
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kazanmasi oldukc¢a Onemlidir. Ayrica oncelikli 6nem tasiyan
biyoteknoloji alt dallarinin belirlenerek gerekli desteklerin ve
arastirmaci- sanayi igbirliklerinin saglanmasi da yapinin temelinin
saglamlastirilmasi agisindan biiyiik dneme sahiptir. Bu ¢alismada
da Tirkiye’de biyoteknoloji girisimciligi Oniindeki engellere
deginilmis ve bu engeller ¢ok kriterli karar vermede kullanilan
subjektif kriter agirliklandirma metotlarindan olan SWARA
metoduyla agirlhiklandirilmistir.  Caligmada  ilgili  literatiir
incelenerek, biyoteknoloji girisimciligi Oniindeki engeller;
Sermayeye erisim, Teknolojiye/bilgiye erisim, Nitelikli insan
kaynaklarma erisim, Uluslararast piyasalara erisim, Dagitim ve
pazarlama kanallarmin eksikligi, Genel algrkabul, Yasal
diizenleme gereksinimleri, Baskalar1 tarafindan tutulan patent
haklari/yiiksek lisanslama maliyetleri, Genomlar, protein dizileri
iizerine veri tabanlarina erigim, Yurt disindan genetik kaynak
temini ve Teknoloji transferi engelleri olarak belirlenmistir.
Calisma sonucunda uzman goriisii yardimiyla belirlenen karar
matrisiyle bu engellerin agirlik degerleri belirlenmistir. Agirlhik
degerlerinden elde edilen sonuca gore, Tiirkiye’de biyoteknoloji
girigimciligi dniindeki engellerden en dnemli engellerin sirastyla
Sermayeye erigim, Nitelikli insan kaynaklarina erigim ve Yasal
diizenleme gereksinimleri iken digerlerinden daha az Gneme
sahip olan engellerin ise Baskalar: tarafindan tutulan patent
haklari/yiiksek lisanslama maliyetleri ve Genomlar, protein
dizileri iizerine veri tabanlarina erisim oldugu bulgusuna
ulagilmustir.

Biyoteknolojinin  Tiirkiye’de  biyoteknoloji  alanindaki
gelisimelere bakildiginda “politika” kapsaminda yani kalkinma
politikalarinda yer almasinin  1980’lerde; bilim-teknoloji
politikalarinda ~ yer almasinm  da  1990’larda  oldugu
goriilmektedir.  “Yasalastirma” konusunda biyogiivenlik
calismalarinin daha geriden geldigi goriilmektedir. Burada dikkat
¢eken nokta, biyogiivenlik dnlemlerinin yasamimizda giin be giin
daha etkili sekilde yer alan biyoteknoloji iiriin ve uygulamalarinin
gerisinden gelmesinden kaynaklidir. Bu durum aslinda
biyoteknolojide karsilagilabilecek muhtemel risklere agik olma
manasini tagimaktadir (Erbas, 2008: 22).

Son olarak ozellikle yurtdisi pazarlara agilma ve iiretimin
Olgek bilyiitmesi asamalarinda yatirimcilarla biyogirisimcilerin
veya KOBI’lerin ihtiyact olan kazan-kazan kosullarinin
olusturulmasi gerektigi distiniilmektedir. Ulkemizde
girisimcilige yonelik destek ve mentorluk programlarinin artmis
olmas: giizel bir adim olmakla birlikte bu gelismelerde problem
odakli ¢alismalara Oncelik verilmesi gergekten mevcut
problemlere ¢6ziim {iiretilmesini de saglayabilecektir. Kurumsal
entegrasyon saglayarak siireglerde gorevli olacak kurumlarin
olabildigince ayni cati altinda bir araya getirilmesi, tim bu
stratejilerin islerligini kolaylastiracaktir.

Bu kapsamda, sektorel innovasyon stratejilerinde
Tirkiye’nin mevcut durumda ekonomisinin dayandigi ana
sektorlerden olan geleneksel (tekstil, seramik, demir celik gibi)
alanlarda geleneksel {iretim sistemleri ve diisiik katma degerli
iriinlerden daha yiiksek katma deger saglayacak yapisal ve
fonksiyonel {iriinlere dogru evrilmeyi saglayacak “seviye
yiikseltme” stratejileri i¢in mekanizmalar gelistirilmesinin
sektorel inovasyon stratejilerinde 6nemli bir hedef olarak dikkate
alinmasi yararl goriilmektedir.

Sonu¢ olarak ¢ogunlukla tim Ar-Ge ve inovasyon
sistemlerindeki ekosistemde, insan kaynaklari, finasman ve bilgi-
teknoloji saglayicilari, teknoloji kullanicilart  ve politika
yapicilarinin olusturdugu bir zicir oldugu goriilmektedir. Bu
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zincirde herhangi bir halkanin olmayisi veya beklenen diizeyde
etkin olmayis1 gelisimin sekteye ugramasina sebep olacaktir.
Ayrica diisiik teknolojiden direkt olarak yiiksek teknolojiye gecis
miimkiin olamayacagindan onun yerine bu siiregte siirdiiriilebilir,
uzun donemli ve planli yaklagimlarm daha etkili olacag:
muhtemeldir. Bu kapsamda 6zellikle Tiirkiye’nin ekonomik
kalkinmasinda etkili olan geleneksel (tekstil, seramik, demir gelik
gibi) alanlarinda geleneksel iiretim sistemlerinin diisiik katma
degerli tiriinlerden yiiksek katma deger saglayacak daha gelismis
iriinlere yonelik evrilme saglanmasinda “seviye yiikseltme”
stratejilerinin benimsenerek sektorel inovasyonun
kazanilmasinda temel hedef haline getirilmesi de gelisime katki
saglayacaktir.
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