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Sonar is used to determine the size, distance, direction, and other object features using sound
waves. It is widely used in submarine mining, oil exploration, submarine mapping, tracking fish
shoals, and mine detection. In Machine Learning (ML) research, feature extraction, selection,
algorithm selection, and hyper-parameter optimization, which should be used to identify and
classify sonar signals, are seen as scientific problems studied for many years. In this study, instead
of commonly used ML algorithms and feature extraction processes, three different mathematical
transformations were suggested to classify the underwater objects as an innovative approach. This
novel approach applied on a data set in time-series format, data has been transformed from one-
dimensional data to a two-dimensional format and a simple channel merging technique was
applied to create a new image joining these images. The methods' performance was measured by
the classification results of mines and rocks using deep learning algorithms on the sonar dataset.
Moreover, the performance results obtained with deep learning, compared with the classical
algorithms. Finally, confronted with other studies in the literature, it has been seen that the
proposed time-series data-to-image transformation with a channel-merging approach eliminates
the need for feature extraction and achieves superior results against the others.

https://dx.doi.org/10.30855/gmbd.2021.01.01

Sualt1 Nesnelerinin Siniflandirilmasinda Zaman Serisi Gortinti
Dontisiimii Yontemlerinin Yeni Bir Yaklasimi ve Uygulamasi

MAKALE
BIiLGiSi

0z

Alinma: 15.01.2021
Kabul: 04.04.2021

Anahtar Kelimeler:
MTF, GAF, RP,
Sonar, Derin Ogrenme

Sonar, ses dalgalarini kullanarak boyutu, uzakligi, yonii ve diger nesne 6zelliklerini belirlemek
icin kullanilir. Denizaltt madenciligi, petrol arama, denizalt1 haritalama, balik siiriilerinin takibi ve
mayin tespitinde yaygin olarak kullanilmaktadir. Makine Ogrenimi arastirmasinda, sonar
sinyallerini tamimlamak ve siniflandirmak i¢in kullanilmasi gereken o6zellik ¢ikarma, se¢cme,
algoritma se¢imi ve hiper parametre optimizasyonu, uzun yillardir ¢aligilan bilimsel problemler
olarak goriilmektedir. Bu ¢aligmada, yaygin olarak kullanilan makine 6grenimi algoritmalari ve
Oznitelik ¢ikarma siiregleri yerine, su alt1 nesnelerini yenilik¢i bir yaklagim olarak siniflandirmak
icin ii¢ farkli matematiksel doniisiim Onerilmistir. Zaman serisi formatinda bir veri setine
uygulanan bu yeni yaklasim, veriler tek boyutlu verilerden iki boyutlu bir formata doniistiiriilmiis
ve bu goriintiileri birlestiren yeni bir goriintii olugturmak i¢in basit bir kanal birlestirme teknigi
uygulanmistir. Yontemlerin performansi, sonar veri setinde derin Ogrenme algoritmalari
kullanilarak maden ve kayalarin smiflandirma sonuglariyla Ol¢ililmiistir. Ayrica klasik
algoritmalara gore derin 6grenme ile elde edilen performans sonuglari. Son olarak, literatiirdeki
diger caligmalarla karsilagildiginda, dnerilen zaman serisi verilerden goriintiiye doniisiimiin kanal
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birlestirme yaklagimu ile 6znitelik ¢ikarma ihtiyacini ortadan kaldirdig: ve digerlerine gore iistiin
sonuglar elde ettigi goriilmiistiir.

https://dx.doi.org/10.30855/gmbd.2021.01.01

1. INTRODUCTION (Giris)

In recent years, exploration of the underwater
world, detection and classification of underwater
objects and targets occupy an essential place in many
applications for civil and military purposes. Sonar
(Sound Navigation and Ranging), which is used to
explore the underwater world, is used to gain
information about the size, distance, and structure of
objects using sound waves [1]. Although sonar
systems were initially developed for naval warfare,
today they are used in many essential areas with the
purpose of oil and mineral exploration, seafloor
mapping, detection of fish shoals, measurement of
waves and currents, detection of sunken ships,
drowned and submerged people, wreckage such as
aircraft and underwater search and rescue purposes in
many essential areas [2]. Today, sonar systems occupy
a vital place in the defense industry for underwater
target and mine detection [3]. Not only in times of
war, but especially in times of peace, often used to
protect coastal security, ship landings, and port
controls, and such matters as conducting sonar
systems healthily, have started to offer more advanced
opportunities in the fields with the development of
technology [4]. With the development of the
technology, both the quality and the features of the
signals, and images received from sonar devices have
increased. Recently, although the lack of data sets and
resources, especially for mines and similar objects,
several studies conducted with both images and
signals has made research in this field difficult, still
there are a limited number of studies based on
machine learning based and statistical analysis
methods published in the literature [4], [5], [6], and

[7].

Detection of mine objects with artificial
intelligence algorithms becomes difficult due to the
high diversity of underwater mines, the similarity of
other objects such as rocks, debris, and cables to mines
in shape and structure, signal reflections, and
disruptive noise effects on the signal. Classical
machine learning algorithms are based on feature
extraction. Obtaining these attributes explicitly
developed for the problem can be done with field
expertise. Besides, choosing the most important
features among the produced features plays a vital role
in training machine learning algorithms and
developing and improving the results. As a result of
the increase in the number of features named "curse of

dimension™ [8], generating an excessive number of
features causes an exponential increase in the number
of training data required for the algorithm. Using less
training data and too many attributes cause the
algorithm to overfit. When such situations arise,
machine learning algorithms get unsuccessful results
in classification or regression problems because they
lose their ability to generalize. Although deep learning
methods, in which feature extraction and selection
processes can be performed automatically instead of
classical algorithms, provide more advantages in this
regard, they require more data to achieve successful
results.

This study proposes a new method for the binary
classification problem using a dataset containing
sonar signal data obtained using cylindrical mines and
cylindrical rocks similar in shape and size to mines
[9]. Using the proposed method, we focused on the
classification problem of rocks and mines, a binary
classification problem, and compared classical
machine learning algorithms and deep learning
algorithms. Compared to other literature studies, our
earlier work on converting one-dimensional time-
series data to image format with an RGB channel was
used [21]. Changing the data representation ensured
that convolutional neural networks-based deep
learning architectures were wused, and it was
determined that successful results were obtained with
limited data. In addition to this, to leverage the
information  obtained  from three  different
transformations, we proposed to add one more step by
joining these transformation results as one image with
three different image channels (channel merging). The
aim is to exploit more information obtained from time
series to image conversion with three different
mathematical transforms and merge this information
as an image channel to form a new image as a new
representation. This new representation provides more
information than single transformation methods and
inherits specific advantages specific to underlying
transformation.

In this paper; in the second section, a brief
literature review summarizes the algorithms used and
examines other studies using the dataset used in this
paper. In the third section, the mathematical model
and the technical explanation of the innovative
approach used in this study are given. In the last
section, all the results for experiments performed in
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order to compare algorithm performances are shown,
and the findings are discussed.

2. LITERATURE REVIEW (LITERATUR OZETI)

A study carried out with inside the area of
classification of underwater objects [9] determines
whether or not the target is a cylindrical mine or a
cylindrical rock in line with the returning sign from
two distinctive underwater objects. In this study, to
examine the consequences of the range of hidden
layers and the viewing angle at the result, experiments
were made in distinctive hidden layers and relying on
and not relying on the viewing angle. K-Nearest
Neighbor Classification algorithm (K-NN) is used in
their studies. The overall performance of the
individuals who tested those signals with the latest
consequences became in comparison, and it became
observed that human overall performance remained
low in comparison to the studies. The ensuing eminent
accuracy value of 90.4 depends at the viewing angle
and received in trials with 12 hidden layers. In any
other study performed with the identical facts set [10],
the Generalized Regression Neural Network (GRNN)
method became used to categorize the sonar data set.
While the usage of the GRNN method, once they
added the function extraction method referred to as
Principal Component Analysis (PCA) to the study, it
was discovered that the class overall performance is
ascended. In this study, the accuracy of the type was
evaluated with the aid of using ROC analysis which is
often used to indicate the reliability and generalization
of data sets. The result was 91.34% whilst solely the
GRNN method was used; while the result was 93.26%
when PCA was used in addition to GRNN. In another
study carried out in this problem [11], 9 sample-based
genetic algorithms (GA) classifiers have been utilized
in diverse versions to reach a higher overall
performance in generalization capacity and training
efficiency. The overall performance acquired due to
those versions was compared. The 9 methods
mentioned were examined with 19 datasets. The sonar
dataset's maximum fulfillment rate was 53.43% with
inside the version named TS2. In another study the
usage of the C4.5 decision tree [12], the problem of
classifying sonar targets with the aid of using
enhancing the overall performance of the C4.5
decision tree with the aid of using the Knowledge
Acquisition (IG) feature assessment process became
studied. Another point well worth noting on this study
is that feature selection improves computational
efficiency while augmenting the classification
accuracy. It has been stated that the accuracy of the
C4.5 algorithm, which is working with BK, has
increased by more than 10% and reached 81%. In

another study carried out at the analysis of sonar
signals [13], sonar signals will grow to be a data set of
boosting size with an uninterrupted data float. The
overall performance problems of this size were
investigated. It was emphasized that data processing
time need to be kept as brief as possible to detect data
with a continuous flow such as sonar signals in real-
time. In this study, a brand new strategy called iDSM-
CA, which is designed to clean noisy data step by step
with the usage of fast collision analysis, is presented
as a solution to this problem. With this strategy, sonar
classification tests were applied with six classification
algorithms in total. In another study carried out on a
similar problem [14], it is aimed to clear up the
complexity of the decision boundary that algorithms
need to locate with inside the classification field. In
order to remedy this problem, the Incremental
Maximum Gaussian Mixture Partition (IMGMP)
algorithm is proposed for classification. This
algorithm makes use of a divide and conquers strategy
to calculate an appropriate decision boundary. K-
Means algorithm became used to split the data into
clusters. It was emphasized that the overall
performance of IMGMP is tremendously dependent
on the cluster size in establishing the decision
boundary, and a result with an accuracy of 82.79%
was acquired. In another study [15], a nouveau
algorithm is proposed to solve this problem of the K-
Nearest Neighbor Classification Algorithm (KNN),
which occurs due to the fact the calculation cost
increases whilst the scale of the data set increase.
While the KNN algorithm calculates the space
between the training data and the test data, the MIME-
KNN algorithm has been proposed, as a way to
maximize the space between classes and the minimum
in-class distance because of the complexity of this
calculation as the data set grows. As a result of the
studies, whilst the KNN algorithm presents an
accuracy rate of 74.50%, the accuracy rate of the
MIME-KNN algorithm has been acquired as 82.20%.
The effects of these studies are given in Table | with
inside the Results section.

3. MATERIAL AND METHODS (YONTEM VE
TEKNIKLER)

The proposed method is based on converting time
series data to three-channel (RGB) or single-channel
(gray) lossless image format [21]. In this
transformation, the spatial and temporal changes of
data in each frequency band are handled differently,
and transformed into a three-dimensional picture
format by one-dimensional data transformation. After
these transformations are applied, spatial and
temporal properties of time series are preserved and
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information stored as regular images. Recurrence plot
(RP) and Markov transition field (MTF)
transformations are a count-based probabilistic type of
mathematical transformation, but Gramian angular
difference field (GADF) and Gramian angular
summation field (GASF) methods are a
transformation method that takes into account the
temporal and spatial correlation.

In this newly-converted picture format, it is
possible to create additional features that cannot be
used or obtained in one dimension, and with this
information representation results in increasing
classification performance. When the time series data
is converted into image representation, the
classification problem can be solved using classical
image processing methods on these pictures. In
addition to this, to leverage the knowledge acquired
from three different transformations, As an additional
step, appending one more operation to previous work
[21] by combining these transform results in one
image with three separate image channels (channel
merging). The intention is to utilize more knowledge
gained from time series to image conversion with
three different mathematical transforms and merge it
as an image channel to create a final image as a new
representation. This new representation provides more
knowledge than single transformation methods and
presents specific advantages particular to underlying
transformation.

In Figure 1. all data preparation and other
necessary stages of the proposed method are shown.
In the first step, every available time-series data are
transformed to a matrix format with three different
mathematical methods, and then by using these
matrixes, a new image is formed by joining these
transformed data as R, G, and B channels of the data.
Then training and test sets are sampled from the data
set from images, and a Convolutional Neural Network
model is trained with the K-Fold cross validation
method. Finally, Performance metrics such as
precision, recall, F1 — score, and accuracy values are
calculated for the model.

Two hundred and eight different signals obtained
from 60 different bands from the sonar device were
broadcast in time-series format [9]. Data in this format
is transformed into an image format (RGB) using
transformations with specific properties. In the study,
the visual transformation of the time series data was
carried out with three different methods called
Gramian Angular Field, Markov Transition Field, and
Recurrence Plot.

Sonar Data (1D) Image Data (2D)

Data Format Transformation W
GAF, RP, MTF

Transformations

o oo : T =
GASF  MTF

T
R CTl F anne
C
Image
as

Fusion
Operations’

Time Serles Data Format

1 @_
\

Model Training and Evaluation
(5-Fold Cross Validation)

C Neural

Performance
Measurement

Dataset Prepration

Figure 1. Flow chart for the proposed method

(Onerilen yontem igin akus divagramtr)

3.1.Time Series-Image Transformation Approach
(Zaman Serisi Goriintii Doniisiimii Yaklasimz)

In this study, three different mathematical
transformation methods are used to obtain images
from the time series. These methods were used as
Gramian Angular Field (GAF), Markov Transition
Field (MTF) [16], [17], and Recurrence Plot (RP)
[18], respectively. The RGB color map represents the
values transformed by GAF and MTF methods. In the
color map, colors close to blue and blue represent
smaller values, while colors close to red and red
represent the values with larger amplitudes. RP, on the
other hand, is represented by a black and white image
with a single channel. The time-series data properties
are defined as 2-dimensional images with colors, dots,
and lines at the corresponding positions in the image
in which they are transformed and differ from each
other.

3.1.1. Gramian angular field transformation
(Gramian agisal alan doniisiimii)

In the angular field, the time series is represented
in the polar coordinate plane instead of the Cartesian
coordinate plane. In the GAF, each element is the
cosine of the sum of the angles. GAF has two different
methods. These methods are Gramian Angular
Summation Field / GASF Gramian Angular
Difference Field / GADF. In the Gramian angular area
method, each point in the given time series is rescaled.
So each value in Eq. (1) with [-1, 1] or in Eq. (2) with
[0, 1].

~i _ (xj=max(X)+x;—min(X))
*-1= max(X)—-min(X) (1)
J?(l) — xij—min(X) (2)

max(X)-min(X)

The obtained new time series values are expressed
in the polar coordinate plane by encoding the time
stamp as angular cosine, and the time stamp as a
radius. In Eq. (3). Here @ angle is a fixed parameter
for regulating the polar coordinate, t; timestamp, r
radius, and N polar coordinate plane.
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@ = arccos(¥;),—-1< % < 1,%, €X
{ r = 2, ti eEN (3)
N
cos(@; + 0,) cos(@, + 0,)
GASF = : : 4)
COS(@n + @1) COS(@n + Qn)

GASF = %' % —1—%2 I - %2 (5)

After the time series are rescaled, they are
transformed into a polar coordinate system with the
help of Eq. (3). Using this data, converted into a polar
coordinate system, according to the desired output,
trigonometric addition or difference is transformed
into matrix structure via Gramian Angular Summation
Field (GASF) Eg. (4), Eq. (5) or Gramian Angular
Difference Field (GADF) Eq. (6), Eq. (7). The
conversion is completed by using the cosine functions
for GASF and the sine functions for GADF.

sin(@; — @,) sin(@; — @,)
GADF = : : (6)
sin(@,, — @)

GADF = \/I—XZI X=X -NI=-X2 (1)

At the end of this step, the data in the time series
format is encoded in a picture format containing 3-
channel RGB color coding, and the transformation
process is completed. An application of the described
method is shown in Figure 2.

51n(®n - ®1)

Polar Coordinate
Time Series o~ =

>

Figure 2: Gramian angular field transformation

(Gramian agisal alan déniisiimii)

3.1.2. Markov transition field transformation
(Markov gecis alant doniisiimii)

Markov transition matrix with transition
probabilities for the time series decomposed in MTF
is created. This matrix is then transformed into an
image. In the Markov Transition Field, a matrix of size
Q X Q is created from a given time series. First of all,
the partitioning process is completed by defining the
time series’ quantitative divisions and assigning each
to its corresponding quantile divisions. In the equation
given in Eq. (8), it shows the Markov Transition

Matrix obtained by dividing the data by the Q quantile
interval:

Wijlx,€q;x1€q; Wijlx,€qixn€q;

Wijlx,€q:x1€q; Wijlx,€qixn€0;

®)
lwijlxneqi,xleqj Wijlxneqi,xneqjj

The transformation process is completed by
encoding the probability-based matrix obtained with
this transformation in a picture format that includes 3-
channel RGB color coding. An application of the
method described is shown in Figure 3.

Time Series

A 0917 0om3
s (008 osm
c [0 o020

Figure 3: Markov transition field transformation

(Markov gegis alani doniisiimii)

3.1.3. Recurrence plot transformation (Tekrarlanma
grafigi doniisiimii)

Recurrence Plot; it is a method used for repetitive
processes such as time series, periodic data, and cycles
and visualizes these processes in two dimensions. RP
is also an advanced technique that is frequently used
in the applications of nonlinear data analysis. The
primary purpose of recurrence plots is to examine the
higher dimensional phase space trajectories visually.
RP’s can be applied to short and unstable data. In the
Recurrence Plot method, the image is created by
calculating the distance of each point in the time series
to the same time series. In this method, which works
to visualize a time-dependent behavior, the primary
step of the visualization is calculating the N x N
dimensional matrix obtained from the time series [18],
a tool that can visualize the repetition of x; in i states
in phase space. The mathematical representation of
the repetition graph is shown in Eq. (9).

Rj=0(e— % -%l).ij=1..N )

In Eg. (13) E isathreshold, N is the number of data
points to be calculated, © is a stepwise function. This
tool allows to investigate the m-dimensional phase
space trajectory through a two-dimensional
representation of its repetitions. Such a repetition of a
state at a different time is marked by ones and zeros
(black and white points on the graph) within the two-
dimensional square matrix. This representation is
called the Recurrence Plot (RP). The transformation
process is completed by encoding the bivalent matrix
obtained in a picture format containing one channel
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color coding. An application of the method
described is shown in Figure 4.

Time Series RP

Figure 4. Recurrence plot transformation (Tekrarlanma

grafigi doniisiimii)

3.2. Image Data Merging (Déniistiiriilmiis Gériintii
Verisinin Birlestirilmesi)

After each transformation, as mentioned earlier,
was applied to time-series data, three different results
were obtained in a matrix format specific to that
transformation method. Xwmrr, Xcar and Xgp are
resulting N by N dimensional matrixes
(Xyrer Xgar, Xgp € RV*N) and Xwergea is the N-by-N
X 3 tensor (Xyergea € RVN*3). To leverage more
information from different transformations, these
matrixes can be merged to form a new matrix that can
be interpreted as an RGB image.

XIL\/I]erged = XILVIJTF (10)
XILVIJerged = X(lbjch (11)
XILVIJerged = XILQIJJ (12)

In Eq 10-12, i,j € Z, are row and column indexes of
the matrix and tensor respectively. Now, Xmerged
represents all available information obtained from
different transformations and as a result it forms an
RBG image. This operation is applied all the time
series data in the dataset and finally a new data set is
formed completely in image format.

4. DATASET (VERISETI)

The data set [9] used in this study was created with
the signals reflected from cylindrical mines and
cylindrical rocks resembling these mines from
different angles. The cylindrical mines and cylindrical
rocks from which the sonar data sets were obtained are
approximately 5 ft. long. There are a total of 208 data
in the data set. These data were obtained by taking an
average of 5 turns to be chosen randomly from each
viewpoint out of 1200 signals sent as a return to
signals sent from different angles, provided that they
are up to 180 degrees for rocks and 90 degrees for
mines. Of the 208 data obtained, 111 belong to
cylindrical mines and 97 to cylindrical rocks. Each
data is a set of 60 numbers, ranging from 0.0 to 1.0.
Each number represents the energy collected over a

fixed period in a given frequency band. Although each
number does not precisely reflect the angle value, they
are ordered in ascending angles. In the classification
of each data, the data rock is labeled as R, and the mine
as M. In Figure 5 and Figure 6, the graph of the sonar
signal returns in the time series axis belonging to all
mines and all rocks in the data set.

MINE

aulllsas.

Ll ulh MW' M I"

Figure 5. Signal return values corresponding to the
frequency band measured for all mine targets (Ziim
maywmn hedefleri icin olgiim yapilan frekans bandina karsilik sinyal

doniisii degerleri)
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Figure 6. Signal return values corresponding to the
frequency band measured for all rock targets (7iim
kaya hedefleri icin olgiim yapilan frekans bandina karsilik sinyal
doniisii degerleri)

5. BRIEF DESCRIPTION OF USED MACHINE
LEARNING METHODS (KULLANILAN MAKINE
OGRENMESI ALGORITMALARININ KISA
ACIKLAMALARI)

In this study, classical machine learning
algorithms, which are frequently encountered in the
literature, were selected for this binary classification
problem.  Selected classic machine learning
algorithms are Support Vector Machine, Decision
Tree Algorithm, K-Nearest Neighbor Algorithm,
Linear Discriminant Analysis, Gauss NB, Logistic
Regression, and Random Forest. Their performance
was optimized by hyper-parameter selection specific
to the algorithm. In the following subsections, these
methods are briefly described and compared:
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5.1. Convolutional Neural Networks (Evrigimli Sinir
Aglart)

Convolutional neural network is a deep neural
network consisting of neurons with learnable weights
that can process data strings such as image
classification, widely used in computer vision.
Convolutional Neural Networks (CNN) are a type of
multilayer perceptron. CNN algorithms image and
sound processing area natural language processing
(NLP), especially in many different fields such as
biomedical is implemented. Especially in the field of
image processing achieve the best (state of the art)
results seen have been. [19] As the proposed deep
learning architecture, a custom convolutional neural
network given in Figure 7 has been designed, and used
due to the small number of data. It has been
determined that a less complicated network is
appropriate because other architectures commonly
used in the literature generally overfit and memorize
the data.

Gean

Figure 7. The convolutional neural network
architecture used (Kullanilan evrisimli sinir agi mimarisi)

5.2. Support Vector Machines Algorithm (Destek
Vektir Makineleri Algoritmast)

SVM is a supervised learning algorithm, is a
vector space-based algorithm that determines
hyperplanes to separate data from each other by
finding a decision boundary between data. Among the
advantages of the SVM algorithm are that it is
effective in high-dimensional data, makes memory
usage more efficient thanks to the training points it
uses, and makes versatile decisions with different
kernel functions. SVM uses kernel methods to deal
with nonlinear data because these methods create
nonlinear combinations of the original properties of
the data and make a mapping that separates these
methods linearly and thanks to this mapping, a linear
support vector machine algorithm transforms the
training data into a higher dimensional feature area
makes it trainable with. While performing all these
operations, it uses kernel tricks since calculation cost
will increase in cases where the size of the data set is
too high.

5.3. Decision Tree Algoritm (Karar Agact Algoritmast)
DT algorithms are used as a solution to both
classification, and regression problems. It is a tree
structure consisting of decision trees, decision nodes,
and leaf nodes. Using the decision algorithm, it is

started from the tree root, and the data on the most
informative features are divided and the process is
repeated until the node takes its purest form. Decision
trees can be a tree with many nodes with this method,
resulting in over-sleeping. In order to prevent
overfitting in decision tree algorithms, a limit should
be determined for the maximum number of nodes of
the tree to be formed, and pruning should be done. The
decision tree algorithm can be used to process both
numerical, and categorical data, and it can process
high-dimensional data in a short time due to its low
computational cost. For this reason, it is preferred
when data size increases among alternative
algorithms.

5.4. K-Nearest Neighbor Algorithm (K-En Yakin
Komsu Algoritmasr)

K-NN algorithm is an algorithm known as non-
parametric sample-based learning. The model in this
algorithm memorizes the training data set and finds
the nearest neighbors as many as k number given to
the algorithm in the data set, depending on the
distance metric selected, and determines the
classification tag of the data according to the majority.
The K-Nearest neighbor algorithm allows easy
adaptation for new data. However, it should be kept in
mind that the cost of calculating these new samples
increases in the worst case in direct proportion to the
number of samples in the training data set, which is
one of the main disadvantages of this algorithm.

5.5. Linear Discrimination Analysis Algorithm
(Dogrusal Ayrimciik Analizi Algoritmast)

LDA is an unsupervised algorithm used to reduce
the number of dimensions in the data set. LDA
algorithms can also be used as a feature extraction
technique to increase computational efficiency, and
reduce overfitting due to "curse of dimension™ in dirty
data [20]. LDA computes the N-dimensional mean
vector for each class by standardizing an N-
dimensional data set creates the distribution matrix
between and within classes. Converts matrices created
here into low dimensional feature spaces. It is an
algorithm that uses the covariance matrix to parse the
data set. It works according to Fisher's score function,
and estimates the linear coefficients that maximize the
score. It tries to find linear combinations of variables
that best describe the data and tries to model the
difference between data classes. It can be used as a
pre-process to extract features and identify classes
prior to classification operations.
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5.6. Gaussian Naive Bayes Algorithm (Gaussian
Naive Bayes Algoritm ast)

GNB algorithm is one of the Naive Bayes
algorithm types. GNB is the type of supervised
learning algorithm used when it has properties
consisting of continuous values. In this algorithm
developed on the basis of Bayes' theorem, each feature
is considered independent from each other, which
allows it to perform better than dependent models
such as logistic regression. Good results can be
obtained in both small size data, and high size data.
Before using the Naive Bayes algorithm, the
preprocessing and feature selection of the data should
be done very well. Because there are not many
parameters that can be optimized to change the result
in the Naive Bayes algorithm, this optimization should
be done first.

5.7. Logistic Regression Algorithm (Lojistik
Regresyon Algoritmast)

LR algorithm is a supervised machine learning
algorithm that is very easy to implement. It is used in
regression problems as well as classification
problems. It performs better in a classification that can
be separated linearly. Logistic regression, which is a
simple but powerful algorithm for linear and binary
classification problems, gives better results especially
when the variable type to be predicted is category
type. The logistic regression algorithm establishes the
relationship between the probability of a variable and
its attributes in the data set. It deals not only with the
class to be predicted but also with predicting the
probability of the variable in the class. The algorithm
uses the logit function to estimate the logarithmic rate
of an event. The logit function takes input values
between 0 and 1 and converts these data to values
across the entire range of real numbers to represent a
relationship.

5.8. Random Forest Algorithm (Rassal Orman
Algoritmast)

RF is an algorithm used in both classification and
regression problems that can prevent overfitting by
creating more than one decision tree. Regardless of
whether the data is separated linearly in the random
forest algorithm, the most important features are
inferred with all the decision trees created. Unlike the
classical decision tree algorithm, the random forest
algorithm tries to find the most important one in a
random feature subset instead of finding the most
important feature when dividing a node into sub-
nodes.

6. RESULTS (SONUCLAR)

Before performing image transformation over time
series with the sonar signals in the data set, classical
classification algorithms such as; DT, K-NN, LDA,
Gaussian NB, LR, RF, and SVM algorithms have been
trained and tested for this problem. Each algorithm
grid-based hyper parameter search method was
applied, and results were noted for the reserved and
unseen test set. In order to identify the features for the
classical machine learning algorithms, energy levels
obtained from 60 frequency bands were used as
features in the data set. For classical machine
algorithms, feature selection or feature engineering
methods were not performed. A new dataset is created
with the pictures obtained with image transformation
over time series methods in the same order as the case
of the classical algorithms. In both cases, 80% of this
dataset was used for training and 20% for testing. All
the algorithms’ performance was measured with
accuracy, precision, recall and F1 — Score metrics and
given in Equations (13-16).

TP+TN

Accuracy = ————— (13)
TP+TN+FP+FN
Precision = TP (14)
TP+FP
Recall = —— (15)
TP+TN
F1 — Score = 2-Precision*Recall (16)

Precision+Recall

In these equations, Tp represents the number of the
actual positive values, Ty, the true negative values, Fp
the false positive value and the Fy the negative value.
Using these values, precision, recall, accuracy and F;
criterion values are calculated for each algorithm to
measure their performances.

The radial based function and C = 1.5 parameter
values, which are among the nonlinear SVM
algorithm kernel methods, have been studied, and the
highest success rate has been achieved. DT algorithm
parameters used in this study and giving the best
results; Gini Information Criterion, the minimum
number of instances required to split a node is 2, the
minimum number of instances in a leaf node is 1, the
maximum leaf node is not used, the class weight is not
used, and the complexity parameter is 0.0. K-NN
algorithm achieved the highest success rate when the
value of k was trained as 1 with the data set in this
work. Uniform value was given as weight, and auto
was chosen as the algorithm, enabling it to decide the
most appropriate algorithm according to the values.
Since the data set in this study has many features,
while working with the parameters of the LDA
algorithm, the covariance matrix was not calculated
using singular value decomposition (SVD) as a
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solvent. In addition to this parameter, the tolerance
value was selected as 1.0e-4 because the other
parameters were used as shrinkage auto, priority none,
the number of components for dimension reduction
none, covariance storage false and the solvent SVD.
Random forest, parameters to achieve the best results
with the data set in this study, the division criterion
entropy, the maximum depth 15, the logarithm of the
function required to find the maximum number of
features, the minimum number of samples in a leaf
node is 5, the minimum number of samples required
to divide a node is 3, The number of trees to be created
was 1000, and the number of processors was
unlimited.

All the results obtained from these algorithms are
given in Table 2. Among the success rates, the highest
result with 0.90% was SVM and the random forest
algorithms with 0.86%. Gaussian NB with the data set
used in this work, the previous probabilities of the
classes were not specified in the parameters studied in
order to achieve the most ideal results, and the
smoothing value required for calculation stability was
chosen as 1.0e-9. Logistic regression, in this study, in
order to achieve the most ideal results with the data
set, the parameters were chosen as penalty norm L2,
the solver as "linear" because the size of the data set
was not high, the maximum iteration number was 100,
and the warm start value was chosen not to be used
because the solver value was linear. Table 3 shows the
results obtained from the CNN architecture with the
time series image transformation method for the
ICENTE20 conference [21]. The results of each
transformation method are stated separately in the
study conducted at the conference.

Among the deep learning techniques, a
convolutional neural networks architecture, which is
quite successful and popular in image processing, was
established, trained, and tested. The proposed custom
convolutional neural network architecture is trained
separately for each transformation process after data
transformations are completed. Binary cross entropy
loss function with L2 regularization is used for
optimization and for training, Adam optimization
algorithm with learning rate 1.0e-4 was chosen and
iterated over 15 epochs. Throughout the iteration, the
learning rate has been decreased to a certain extent and
it has been tried to reach the minimum value in the
loss function and 5-fold cross validation was applied.
Accuracy, precision, recall, and F1 measure values
obtained with this convolutional neural network
model trained after image fusion and merging
operations for extra information method was 97.60%,
%98.01, %97.20, and %97.60, respectively. The
results and metrics obtained with this proposed
method are given in Table-4.

Table 1. Comparison of results obtained from studies
in literature review (Literatiirde incelenen calismalarin

sonug¢larmin kar;lla;tmlmast)

Approach Accuracy
[10] Nearest Neighbor 90.40
Classification — 12 Hidden
Layer
[11] GRNN with PCA 93.26
[12] RS1 49.50
RS2 51.95
RSU 51.40
TS1 51.93
TS2 53.43
TSU 49.98
RW1 51.93
RW2 52.88
RWU 51.38
[13] C4.5 with IG 81.00
[14] NBup with iDCM-CA 82.50
SVM with iDCM-CA 60.00
NN with iDCM-CA 88.75
DT with iDCM-CA 96.25
IBK with iDCM-CA 85.00
LWL with iDCM-CA 96.25
[15] IMGMP 82.79
[16] MIME-KNN 82.20

Table 2. Classical machine learning algorithms
results of sonar signals in the data set with

classification algorithms (Sunuflandirma algoritmalar ile
veri setindeki sonar sinyallerinin klasik makine 6grenmesi
algoritmalari sonuglart)

ML Acc. Prec. Rec. F1

Algorithm

SVM M | 0.90 0.88 0.95 0.91

R 0.94 0.85 0.89

Random M | 0.86 0.81 0.95 0.88

Forest R 0.94 0.75 0.83

Logistic M | 0.83 0.80 0.91 0.85

Regression R 0.88 0.75 0.81

Gaussian M | 0.67 0.83 0.45 0.59

Naive Bayes R 0.60 0.90 0.72

Decision Tree | M | 0.71 0.75 0.68 0.71

R 0.68 0.75 0.71

K-NN M | 0.86 0.83 0.91 0.87

R 0.89 0.80 0.84

LDA M | 0.76 0.77 0.77 0.77

R 0.75 0.75 0.75

Table 3. Time series — Image transformation method
and the best results of the proposed custom CNN

architecture at the ICENTE20 conference. [21]

(ICENTE20 konferansinda yapilmis olan zaman serisi — goriintii
doniigiimii yontemi ile onerilen CNN mimarisine ait elde edilen en
iyi sonuglar)

Accuracy | Precision | Recall F1
RP 0.9434 0.9340 0.9620 | 0.9477
MTF 0.9323 0.9565 0.9212 | 0.9385
GADF 0.9057 0.9167 0.8798 0.8979
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Table 4. Time-series image transformation with
image merging method and the best result of the

proposed custom CNN architecture (zaman serisi
goriintii doniisiimii yontemi ile énerilen CNN mimarisinden elde
edilen en iyi sonug)

Precision Recall F1
0.9801 0.9720 0.9760

Accuracy
0.9760

7. CONCLUSION (soNU¢)

This study proposed a novel information
representation and fusion method to obtain higher
performance for time-series classification problems
without using any feature engineering and feature
selection methods. The proposed method consists of
converting regular time series to an image
representation by implementing MTF, RP, and GAF
transformations. In the final stage, separate data from
the transformation merged as RGB channels to form
an ultimate image were used. It is seen that the
proposed method can be used as a more efficient
feature extractor than classical methods thanks to RP,
GAF, and MTF transformations.

By comparing with our previous studies [21], the
performance of classical ML methods and DL based
time series-image transformation methods, it was seen
that the proposed method in this work could reach the
best accuracy, precision, recall, and F1 score values.
From Table 2, it was determined that the counting
based probabilistic image transforms give better
results for this data set. It is thought that the proposed
method can be used as a more efficient feature
extractor than classical methods thanks to RP, GAF,
and MTF transformations, and it is the transformation
method that takes into account the spatial correlation.
When the approaches and methods in the literature are
reviewed, it is seen that the methods in which size
reduction approaches are used to give more successful
results.

These dimension reduction algorithms and other
feature extraction methods used in the preprocessing
phase are used in the solution of the binary
classification problem and utilized as input for
machine learning and statistical pattern recognition
methods. Our results prove that usage of the computer
vision-based DL algorithms without doing any feature
engineering or selection can be proper for
classification problems, especially for time series
data. It was discovered that the method proposed in
this study gave the best results reported in the
literature for the sonar and mine classification
problem specific to the sonar dataset.

NOTE (NOT)

This study was expanded from the paper published at
the International Conference and Engineering
Technologies (ICENTE20) conference and was first
published in the ICENTE20 Proceedings Book on 28
December 2020. ICENTE20 conference was held in
Konya on 19-21 November 2020.
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Tiiketicilere yonelik Uzaktan Programlanabilir SIM (e-SIM) standartlart GSMA tarafindan
belirlenmektedir. 2016 yilinda GSMA tarafindan kararli standartlar1 belirlenen e-SIM
teknolojilerinin  Tiirkiye’de tabi olacagi mevzuat 12.02.2019 tarihinde yayinlanan Bilgi
Teknolojileri ve Iletisim Kurulu karar1 ¢ergevesinde sekillenmistir. GSMA tarafindan tanimlanan
e-SIM ekosistemi; tiiketicilere yonelik ve makineler arasi aglara yonelik olmak iizere ikiye
ayrilmaktadir. Bu ¢alismada tiiketicilere yonelik e-SIM ekosistemi ele alinmis olup makineler
arasi aglara yonelik e-SIM ekosistemi ¢alisma kapsaminin diginda tutulmustur. Son kullaniciya
yonelik e-SIM ekosisteminin temel bilesenlerinden SM-DP+, SM-DS ve LPA’a ait teknik
detaylar, uluslararasi standartlar ve yerel mevzuat 1518inda ele alinmigstir. Tespit edilen olasi
problemlere yonelik ¢6ziim Onerileri sonug boliimiinde ele alinmigtir.

https://dx.doi.org/10.30855/gmbd.2021.01.02
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The e-Sim requirements for the end user (Consumer) are defined by GSMA. Information
Technology and Communications Committee of Turkey has published local legislation about e-
SIM requirements on 02.12.2019. e-SIM ecosystems defined by GSMA,; it is divided into two for
consumers and for machine-to-machine networks. In this study, the e-SIM ecosystem for
consumers is discussed and the e-SIM ecosystem for machine-to-machine networks is excluded
from the scope. In this study, the technical details of SM-DP+, SM-DS and LPA, which are the
main components of the e-Sim ecosystem for the end user, have been handled within the
framework of international standards and local legislation. Solution suggestions for possible
problems identified are discussed in the results section.

https://dx.doi.org/10.30855/gmbd.2021.01.02

1. INTRODUCTION (GiRris)

Abone kimlik modiilleri (SIM - Subscriber
Identification Module) hayatimiza girdigi 1991

kimlik numaras1 (IMSI - International Mobile
Subscriber Identity) ve ¢esitli 6zel bilgilerden olusan
profil verisi sayesinde abonelerin mobil sebekelere
baglanmasinda anahtar roliinii iistlenmektedir.

yilindan [1] giiniimiize kadar mobil telekomiinikasyon
sektoriiniin  temel bilesenleri arasindaki  giiclii
konumunu korumaktadir. Abone kimlik modiilleri
evrensel seri numara (ICCID - Integrated Circuit Card
Identification Number), uluslararas1 mobil abone

SIM modiillerinin fiziki evrensel entegre devre
kartlarina (UICC - Universal Integrated Circuit Card)
yerlestirilmesiyle elde edilen fiziki SIM kartlar son
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kullanicilar tarafindan farkli mobil cihazlar arasinda
taginabilmektedir.

2010 yilinda tartigilmaya baglanilan [2] uzaktan
programlanabilir gémiili SIM (eSIM) teknolojileri
GSMA tarafindan 2016 yilinda standardize edilmistir.
eSIM teknolojisi geleneksel SIM teknolojisinin temel
roliinii  korumakla birlikte cihazlara yiiklenme
ihtiyacin1 ~ fiziksel —mekanizmalar yerine dijital
yontemlerle gidermektedir. eSIM teknolojisinin
telekomiinikasyon ekosisteminde basta abonelik
yonetimi, pazarlama, liretim ve dagitim gibi pek ¢ok
sirec  lizerinde yeni avantajlar  saglamasi
beklenmektedir [3].

GSMA tarafindan gelistirilen eSIM standartlari,
tilketicilere ve makineler arasi aglara yonelik olmak
iizere iki ayr1 ekosistem altinda tanimlamustir.
Tiiketicilere yonelik ekosistemde son kullanicilar
cihazlarinda kullanmak istedikleri mobil operatorleri
kendileri tercih ederler. Tercih edilen mobil operator
profilinin aktivasyonu son kullanicilarin cihaz
araylizi  lzerinden  etkilesimleri  sonucunda
gerceklesir.  Makineler arast aglara  yoOnelik
ekosistemde mobil operator tercihi iiretici, dagitic
ve/veya hizmet saglayicilar gibi farkli aktorlerce
belirlenir. Tercih edilen profilin aktivasyonu mobil
operator tarafindan gerceklestirilir. Sekil 1°de her iki
ekosistemde ele alinan kontrol akigi gosterilmistir. Bu
calismada tiiketicilere yonelik eSIM ekosistemi ele
almmakta olup makineler arast aglara yonelik
ekosistem kapsam disinda tutulmustur.

Tiiketici Altyap
Bilegenleri

M2M Altyapi
Bilegenleri

Makineler arasi Tiiketici
Sekil 1. e-SIM Ekosistemlerinde Kontrol Akist
(Control Flow in e-SIM Ecosystems)

2. TUKETICi EKOSISTEMINE TEKNiK
BAKIS (TECHNICAL OVERVIEW OF CONSUMER
ECOSYSTEM)

Tiiketicilere ~ yonelik eSIM  ekosisteminin
bilesenleri; mobil ag operatorleri, son kullanicilar,
SM-DP+, SM-DS, LPA ve eUICC barindiran eSIM
uyumlu cihazlar, sertifika otoritesi ve {ireticilerdir.
eSIM uyumlu cihazlara profil yiikleme islemi agirlikli
olarak DM-DP+, DM-DS, LPA ve eUICC
kullanilarak gerceklesmektedir.

Gomiilii Evrensel Entegre Devre Kartlar1 (eUICC
- Embedded Universal Integrated Circuit Card) fiziki
SIM kartlardaki UICC bilesenin yerini almaktadir.
Mobil ag operatdrlerine ait profil bilgilerinin internet
ag1 Uzerinden indirilerek saklandigi eleman
niteligindedir. eSIM uyumlu cihaz {reticileri;
triinlerde kullanilacak eUICC devrelerini, GSMA
tarafindan SAS-UP [4] kapsaminda yetkilendirilmis
[5] eUICC iireticilerinden temin  etmeleri
gerekmektedir.

eSIM uyumlu cihazlarda ekosistemin eUICC ile
etkilesimi agirlikli olarak yerel profil asistant (LPA -
Local Profile Assistant) {izerinden gerceklestirilir.
Sekil 2°de tasvir edilen LPA; yerel profil indirme
servisi (LPD - Local Profile Download), yerel kesif
servisi (LDS - Local Discovery Service) ve yerel
kullanici arayiizii (LUT - Local User Interface) olmak
iizere 3 temel bilesenden olusmaktadir. LPA cihaz
iizerinden saglanabilecegi gibi eUICC iizerinden de
saglanabilmektedir. Cihaz tlizerinden saglanan LPA,
LPAd olarak bilesenleri ise sirasiyla LPDd, LDSd ve
LUId olarak adlandirilir. eUICC iizerinden saglanan
LPA, LPAe olarak bilesenleri ise sirastyla LPDe,
LDSe ve LUIe olarak adlandirilir.

LPD LDS Lul

Sekil 2. LPA Temel Bilesenleri (Basic Components of
LPA)

LPD; mobil ag operatoriine ait profil bilgisini SM-
DP+ iizerinden ES9+ ve ES8+ ara yiizlerini
kullanarak indiren, ES10b arayiizii iizerinden
eUICC’ye yiikleme islemini gergeklestiren bilesendir.
LDS; mobil ag operatdriine ait profil bilgisinin temin
edilecegi SM-DP+ hizmetinin adresini ¢dziimleyen
bilesendir. eUICC’nin ihtiya¢g duydugu adres
¢Oziimleme islemi LDS ve SM-DS arasindaki ES11
arayiizi  Uzerinden  gerceklestirilmekte  olup
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coziimlenen adres bilgisi eUICC’ye ES10a arayiizii
iizerinden aktariir. LUI; son kullanicilarin profil
indirme  ve/veya profil yonetim islemlerini
gerceklestirdikleri grafiksel arayilizii saglamakla
sorumlu olan bilesendir. LUI, eUICC ile ES10c
araylizii tizerinden iletisim kurar. Kullaniciya
saglanan LUI deneyimi GSMA tarafindan standardize
edilmemis olup platform gelistiricilerin inisiyatifine
birakilmustir.

SM-DP+ mobil a§ operatorlerine ait profil
bilgilerinin iiretilmesi, saklanmasi ve korunmasindan
sorumlu kilit bilesen roliinii iistlenmektedir. SM-DP+
ayrica iiretilen mobil ag operatorii profillerinin LPA
iizerinden eUICC’ye yiiklenmesinden de sorumludur.
SM-DP+, mobil ag operatorleri ile ES2+, LPA ile
ES9+ ve SM-DS ile ES12 ara yiizleri {izerinden
dogrudan baglantilidir. SM-DP+ ile eUICC arasindaki
ES8+ {izerinden saglanan dolayli baglantt LPA
tizerinden gergeklestirilmektedir (Sekil 3).

E515
ES12 ES11

Sekil 3. SM-DP+ Etkilesim Ag1 (Interaction Network of
SM-DP+)

LPA tarafindan yiiklenecek profilin saglayicisi
olan SM-DP+ adresinin ¢6ziimlenmesi igin ihtiyag
duyulan bilgi SM-DS tarafindan saglanmaktadir. Bu
islev diger bir bakis agistyla ele alindiginda SM-DP+
bileseninin LPA barindiran eSIM uyumlu cihazlara
erisebilmesine de imkan vermektedir. eSIM uyumlu
cihazlarin hangi sebeke kosullarinda oldugunu
bilmeksizin erigim saglanabilmesi, farkli dagitim
yontemlerini miimkiin kilmaktadir. SM-DS bu olanag:
iki asamada saglar. Ilk asamada ES12 iizerinden SM-
DP+’tan gelen tetikleyici sinyalleri kayit altina alir.
Ikinci asamada  ES11  arayiizii iizerinden
gerceklestirilen baglantida kayit altindaki tetikleyici
sinyaller LPA bilesenine aktarilir (Sekil 4).

SM-DS bilesenlerini bolgesel ve/veya hiyerarsik
sekilde konumlandirilabilmek miimkiindiir. Tim
yaklagimlarinda konumlandirilan SM-DS hizmetleri
GSMA tarafindan sunulan kék SM-DS hizmetiyle
ES15 arayiizli lizerinden iletisim halinde olmalidir.
Hiyerarsik konumlandirmalarda hiyerarsinin en {ist

noktasinda ~ GSMA  kék  SM-DS  hizmeti
bulunmaktadir. SM-DP+  hiyerarsi  {izerindeki
herhangi  bir SM-DS ile anlasip sinyal

iletebileceginden; kok olmayan SM-DS hizmetleri
ES11 veya ESI15 araylizii iizerinden gelen taleplere
iliskin kendi lizerlerinde kayit bulunamamasi halinde

ES15 {izerinden bir iist SM-DS hizmetine sormalari
gerekmektedir.

Mobil A§
Operatérd
dogrudan
----- dolayli EST

Sekil 4. SM-DS Veri Akis1 (Data-Flow of SM-DS)

GSMA tarafindan yetkilendirilmis kok sertifika
otoritesi [6] eUICC, SM-DS ve SM-DP+ arasindaki
giivenli iletisimde ihtiya¢ duyulan sertifika ve anahtar
yonetiminden sorumlu aktordiir. Kok sertifika
otoriteleri, gergeklestirdikleri islemleri GSMA
giivenlik akreditasyon semasiyla (SAS - Security
Accreditation Scheme) uyumlu olacak sekilde
islemleri yiirtitiirler.

Mobil ag operatdrleri tiiketicilere ait eSIM uyumlu
cihazlar i¢in profil {iretebilmek ve cihazlara
yikleyebilmek icin SM-DP+ hizmetine ihtiyag
duymaktadirlar. Ihtiyag duyulan SM-DP+ hizmeti
GSMA tarafindan SAS-SM [5] kapsaminda akredite
edilmis hizmet saglayicilarindan temin edilmektedir.
Diger yandan mobil ag operatorleri, mevcut
altyapilar {izerinde tesis edilen SM-DP+ hizmetini
GSMA akreditasyonu ile devreye alabilirler.

Sekil 5°te tiiketicilere yonelik eSIM ekosisteme ait
bilesenler ile bu bilesen ve aktorler arasindaki iligkiler
gosterilmektedir.

3. YEREL MEVZUAT ACISINDAN TUKETICi
EKOSISTEMI (CONSUMER ECOSYSTEM IN TERMS
OF LOCAL LEGISLATION)

Tiiketicilere  yonelik eSIM  ekosisteminin
iilkelerde devreye alinabilmesi i¢in ikinci bolimde
kisaca Ozetlenen aktor ve Dbilesenlerin, yerel
mevzuatla uyumlu olacak sekilde tesis edilmesi
gerekmektedir. Tiirkiye’de telekomiinikasyon
sektoriine ait diizenleme ve denetleme gorevi Bilgi
Teknolojileri ve Iletisim Kurulu’na verilmistir.

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2017 Gazi Akademik Yaymcilik
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Sekil 5. Tiiketici Ekosistemi Bilesenleri (Consumer Ecosystem Components)

Bilgi Teknolojileri Kurulu eSIM konusundaki
diizenleyici kararmi 05.11.2008 tarih ve 5809 sayili
Kanun’un 4’{incii, 6’nc1 ve 8'inci maddeleri, 5397 ile
5651 sayili Kanun hiikiimleri ve ilgili diger mevzuata
dayanarak 12.02.2019 tarihinde yayimlamigtir.
Yayimlanan 2019/DK-TED/053 sayili kurul kararina
gore;

I. Ulke igerisinde iiretilen, ithal edilen veya
yolcu beraberinde getirilen eSIM uyumlu
cihazlarin Tiirkiye simirlar igerisinde mobil
sebekeye baglanabilmesi i¢in cihazlara Bilgi
Teknolojileri Kurumu (BTK) tarafindan
yetkilendirilen mobil ag operatdrlerine ait
profillerin yiikklenmesi zorunlu kilinmustir.

Il. eSIM uyumlu cihazlara yiiklenecek profillerin
iretilmesi ve yiiklenmesi i¢in ihtiya¢ duyulan
SM-DS, SM-DP+, Veri Merkezi, LPA
bilesenleri ve siire¢ icerisinde GSMA
tarafindan belirlenebilecek benzeri
fonksiyonlara sahip sistem bilegsenleri
iizerinde c¢alisan yazilimlarin BTK tarafindan
yetkilendirilen mobil ag operatorlerince veya
tim sorumluluk mobil ag operatoriine ait
olmak iizere operatorlerin belirleyecegi
uglincli kigiler tarafindan Tiirkiye sinirlari
icerisinde tesis edilmesi gerektigi
kararlastirilmistir. Tiirkiye sinirlar igerisinde

kurumca belirlenen yerde tesis edilecek
bilesenlerin GSMA standartlarina ek olarak
birbirleri ile uyumlu ve tutarli olmasi gerektigi
vurgulanmustir.

Il. Yetkili  aktorlerce =~ GSMA  SAS-SM
kapsaminda tesis edilen sistem bilesenlerinin
yerli mali belgesine sahip olmasi zorunlu
tutulmustur.

IV. Mevcutta fiziki SIM’ler i¢in yiiriirlikte olan
mevzuatin kurumca aksi belirtilmedikg¢e eSIM
kapsaminda sunulan hizmetler i¢in de gegerli
olacagi belirtilmistir.

V. Tirkiye’de kullanilmak {izere imal edilen,
yolcu beraberinde getirilen ya da ithalat yolu
ile piyasaya arz edilen cihazlarin uluslararasi
dolagim kapsaminda veri hizmeti almasi IMEI
kayit siiresi olan 120 giin ile sinirlandirtlmasi
kararlagtirilmistir.

Yayimlanan kararlarin  amaglari;  yenilikg¢i
teknolojilerin Tiirkiye’ye kazandirilmasi, bilgi ve
haberlesme  teknolojilerinde  etkin  rekabetin
saglanmasi, abone degisimi siirecinde yasanabilecek
olas1 sorunlarin en aza indirilebilmesi, tiiketici
haklarmin ve kisisel verilerin korunmasi, siber
gilivenligin azami seviyede saglanmasi, milli giivenlik,
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kamu diizeni veya kamu hizmetinin geregi gibi
yluriitiilmesi ~ amaciyla ~ mevzuatin  Ongordiigi
tedbirlerin alinmasi ve operatdrlerin elektronik
haberlesme sistemleri {izerinden ilgili kanunlarda

getirilen  diizenlemelere  yonelik  elektronik
haberlesme sistemlerinin ~ kurulmasi olarak
belirtilmistir.
4. DEGERLENDIRME (DISCUSSION)

Bilgi  Teknolojileri Kurulunca yayimlanan

mevzuat c¢ergevesinde; tilke simirlar1 igerisinde
kullanilacak eSIM  uyumlu tiiketici cihazlarina
(uluslararasi dolasim kapsamindaki 120 giinliik siire
haricinde) yetkili operatorlere ait profillerin
yiiklenmesi gerekecektir. Halihazirda yiirtirliikte olan
fiziki SIM ekosisteminde de gegerli olan bu
diizenlemenin yerel operatdrlerin avantajina bir
durum olusturdugu sdylenebilir.

Fiziki SIM ekosisteminden farkli olarak eSIM
ekosisteminde ihtiya¢ duyulan bilesen ve sistemlerin
yerli mal1 belgesine sahip olmasi zorunlu tutulmustur.
Bu karar cergevesinde tiiketicilere yonelik eSIM
ekosisteminde ihtiya¢ duyulan bilesenlerin yerli katki
orani en az %51 olmak iizere {iretim siirecinin dnemli
asamalarinin ve ekonomik yonden gerekli goriilen en
son esasl is¢ilik ve eylemin Tirkiye’de yapilmig
olmasi1 gerekmektedir. SM-DS ve DM-DP+ gibi
tilketicilere yonelik eSIM ekosistemine ait kilit
bilesenlerin teknik tanimlar1 [7] GSMA tarafindan
kamuya acik olarak yaymlanmaktadir. Yayinlanan
teknik tanimlar dogrultusunda ilgili bilesenlerin yerli
imkanlarla gelistirilmesi teknik agidan miimkiin
olarak degerlendirilebilir. Kurul kararinda yer alan
LPA bileseninin yerli mali kapsaminda gelistirilmesi
hususunda ise birtakim zorluklarla karsilagilmasi
muhtemel goriilmektedir.

NOT (NOTE)

Bu ¢alisma 2nd International Conference on Artificial
Intelligence and Applied Mathematics in Engineering
(ICAIAME, 2020) konferansinda sunulmus bildirinin
genisletilmig siirimiidiir.
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Bu ¢alismada, temperleme 1s1l islem sicakliklarinin endiistride genis bir kullanim alanina sahip
olan AISI 1020 ve 1040 karbon ¢eliklerin mekanik 6zellikleri iizerine etkileri arastirilmusgtir.
Numuneler 850 °C'de su verme isleminin ardindan 450, 550 ve 650 ° C olmak fizere ii¢ farkl
sicaklikta 1 saat siire ile temperlenmistir. Numunelerin mekanik ozelliklerini belirlemek igin
sertlik 6l¢timleri, cekme ve ¢entik darbe testleri yapilmistir. Ayrica numuneler mikroyapisal olarak
da incelenmistir. Sonuglar, su verme isleminden sonra temperleme 1s1l islemi uygulandiginda her
iki numunenin sertlik, ¢ekme dayanimi ve akma dayanimi degerlerinin diistiiglinii ortaya
koymaktadir. Temperleme sicaklig: arttik¢a, bu degerler diisme egiliminde olmustur. Ancak,
temperleme 1s1l islemi ve artan temperleme sicaklig ile darbe degerleri artmstir.

https://dx.doi.org/10.30855/gmbd.2021.01.03
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In the present study, the effects of tempering heat treatment temperatures on the mechanical
properties of AISI 1020 and 1040 carbon steel types, which have a wide range of use in industry,
were investigated. The samples were quenched at 850 °C, and then they were tempered at three
different temperatures; 450, 550, and 650 °C, for 1 hour. Hardness measurements of the samples
were performed to determine their mechanical properties. Besides, the samples were subjected to
tensile and charpy impact tests. The samples were examined microstructurally, as well. The results
reveal that the hardness, tensile strength, and yield strength values of both samples decreased when
tempering heat treatment was applied after quenching. As the tempering temperature increased,
these values tended to decrease. However, the impact value increased with the tempering heat
treatment and increasing tempering temperature

https://dx.doi.org/10.30855/gmbd.2021.01.03

1. INTRODUCTION (GiRris)

Carbon steel is one of the most widely used
materials in the industry, an iron-carbon alloy with up
to 2.1% wt.% carbon in its compaosition. This steel
can be divided into three categories based on its
carbon content, namely low carbon steel, medium

carbon steel, and high carbon steel. The mechanical
properties of carbon steels are improved via heat
treatment involving austenitizing followed by
quenching and tempering, giving them a martensitic
microstructure. In general, heat treatment is defined as
controlled heating and cooling processes applied to
steel to impart desired properties. Heat treatments
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applied to the steel are related to the transformation of
its microstructure. The compositions and structures of
the products the conversion affect the mechanical
properties of the steel directly. Numerous thermal
methods have been developed. The use of these
methods depends on the type of steel and the expected
properties such as hardness, strength, toughness,
abrasion resistance. One of these heat treatment
methods is tempering. In tempering, the material is
heated to a temperature below the austenitization
temperature. Tempering temperature varies according
to the type of steel. At the end of the process, the
hardness of the steel having a taut structure decreases,
and the toughness increases due to the decrease in the
tension level [1, 2].

Verma and Singh [3], conducted a study
investigating the effects of heat treatment on the
mechanical properties of AISI 1040 steel. For this
purpose, after being kept at 900 °C for 120 minutes,
tempering was applied to water-hardened AISI 1040
steel at 250, 450, and 650 °C, for 60, 90, and 120
minutes. Besides, the hardness measurements of the
samples were performed. Also, tensile strength, yield
strength, and elongation values were obtained by
tensile testing. As a result, the highest hardness,
tensile strength, and vyield strength values were
obtained at the lowest temperature of 250 °C in 60
minutes. These values decreased with increasing
tempering temperature and holding time. To
determine the effects of tempering on microstructural
features and mechanical properties. Caligulu et al. [4]
cooled 38MnS6 and 41CrMo4 steel materials in oil
after annealing them at 900 °C for 1 hour and then
tempered these materials at 300 °C, 400 °C, and 500
°C. The results revealed that the transformation from
martensitic to bainitic structure depended on the
tempering temperature of the steels. It was also
observed that hardness values decreased according to
the tempering temperature. Rahman et al. [5]
conducted a study to determine the effects of heat
treatment on the hardness and microstructural
properties of low carbon AISI 1020 steel. For this
purpose, the samples were heated in a heat treatment
furnace at 950 °C for 2 hours and then cooled in
different environments (water, air, ash). The highest
hardness increase (302%) was obtained by cooling in
water and the lowest hardness increase (21%) by ash
cooling. The austenite phase in ash cooling turned into
ferrite and perlite. A small amount of ferrite and
cementite phases occurred during air cooling. In water
hardening, the austenite phase was converted to a
stable martensite phase. Guler and Ozcan [6]
examined the effects on the strength of high carbon
steel materials by quenching. The materials were

heated in the oven at 700, 750, 800, 850, and 900 °C,
for 30 minutes, and then taken out of the oven and
cooled in water. The results of tensile tests and
hardness measurements revealed that the materials
became brittle and quenched. Koksal et al. [7] a
tempered variety of carbon steels (C1020, C1030,
1040, and C1050) at 100, 200, 400, and 600 °C after
quenching and investigated the changes in their
mechanical properties. F-Al curves were obtained by
applying the tensile test to the steels whose carbon
contents were 0.20 - 0.50% by weight. Strength
coefficients (K), deformation hardening exponent (n),
yield (Re), and tensile strength (Rm) values were
found by using curves.

The increase in carbon content increased yield and
tensile strength values. It was found out that the
strength coefficient (K) and deformation hardening
base (n) decreased significantly with increasing
quenching temperature. Especially, the vyield and
tensile strength of C1040 and C1050 steels
significantly decreased. Lee et al. [8] investigated the
mechanical properties and microstructural features of
AISI 4340, under different tempering processes. The
samples were first austenitized (annealed) at 850 °C
for 30 minutes and then cooled in oil. They were then
heated at 100, 200, 250, 300, 400, 500, and 650 °C for
2 and 48 hours, respectively, and subjected to a
dynamic fracture test. Fractography of the specimens
was also made to analyze their fracture and
embrittlement mechanisms. The results showed that
the mechanical and microstructural properties of the
samples were significantly affected by temperature
and duration of tempering. The hardness and strength
of the tempered martensite decrease with increasing
temperature and time. Sara¢ and Ozbek [9]
investigated the effects of tempering heat treatment
temperature on the mechanical properties of AISI
4140 steel after quenching. The samples were
quenched and then tempered for 1 hour at four
different temperatures: 300, 450, 550, and 650 °C.
Hardness measurements of the samples were
performed to determine their mechanical properties.
Besides, samples were subjected to tensile and impact
tests. The hardness reached its maximum at 300 °C,
the lowest tempering temperature. The highest tensile
strength and yield strength values were also obtained
at this temperature. With increasing tempering
temperature, the tensile and yield strength values of
the samples decreased.

In the current study, the effects of tempering
applied at different temperatures (450, 550, and 650
°C) on the mechanical properties of AISI 1020 and
AISI 1040 carbon steel were investigated after
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quenching. The tensile and yield strength, elongation, applied at 450, 550, and 650 °C, for 1 hour. Hardness
and impact energy of the samples were investigated measurements of the samples were performed on the
by performing the tensile and notch impact test. With METKON DUROLINE-M device.

the microstructure photographs of the samples, the

effects of tempering temperatures were analyzed. In the measurements, 1000 grams of the load was

applied for 10 seconds. The samples were subjected to

2. EXPERIMENTAL METHODS (DENEYSEL the 200 tons capacity Zwick Z2000H model

YONTEMLER) servohydraulic pulling device tensile tests (Figure 1).

Charpy impact tests were performed via Zwick-rkp

The chemical components of the carbon steels 450 Model (Figure 2). For each measurement value, 3

used in the study as a result of spectral analysis are samples were tested and their average values were
shown in Table 1. Steel samples were subjected to taken.

quenching at 880 °C. Then, the tempering process was

Table 1. Chemical components of test samples (Deney numunelernin kimyasal bilesimleri)
Element (%) C Mn Si Cr Ni Mo P S
AISI 1020 0.22 0.52 0.15 0.01 0.01 0.05 0.01 0.01
AlSI 1040 0.42 0.60 0.31 0.13 0.08 0.01 0.02 0.01

- T O - e

E

E -4

E 4

8 390

s _li ﬁ r_un_.

B ggetttd L S R E
o 10 2 30

Strain in %
Figure 1. Tensile testing machine and test sample (Cekme deney cihazi ve deney numunesi)
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F

10 20 30 40 50
Specimen number

Figure 2. Charpy impact tester and test sample (Centik darbe deney cihazi ve deney numunesi)

3. RESULTS AND DISCUSSION (SONUCLAR VE
TARTISMA)

3.1. Microstructure (Mikroyapr)

Figures 3 and 4 show microstructure photographs
of AISI 1020 steel samples taken at 200X and 500X
magnification. The photographs show bainite,
residual austenite, ferrite, and martensite structures.
After quenching, it was seen that the martensite
structure is dense in the samples. This structure is very
hard and fragile because of its high internal stresses.
With the tempering heat treatment applied at 450 °C,
it was seen that the martensite structure of these
partially decreased. At 550 °C tempering temperature,
it was seen that the martensite structure decreases and
there is an increase in the bainite and pearlite
structures. When tempered at 650 °C, it was seen that
the martensite structure is very low, and the structure
of bainite and perlite is very high.

Figures 5 and 6 show microstructure photographs
of AISI 1040 steel samples taken at 200X and 500X
magnification. While the martensite structure, which
is denser after quenching, decreased after the
tempering process, the ferrite and carbide increased.
Besides, increasing tempering temperature leads to a
decrease in martensite structure but an increase in
ferrite and spheroidal carbides.

3.2. Hardness (Sertlik)

The hardness measurement results of the samples
can be seen in Fig 7. Microhardness and macro
hardness measurements were found to be compatible
with each other. Between the two types of material,
AISI 1040 material revealed higher hardness values
under all heat treatment conditions. This is due to the
differences in chemical compositions of the two steel
types. In general, as the carbon content increases, the
hardness of the steel increases [10]; whereas, the

fracture toughness decreases. On the other hand, Cr in
the chemical composition of AISI 1040 steel increases
wear resistance, hardenability, resistance to oxidation,
and corrosion in steel [10]. It is also considered to be
the result of differences in Si levels between these two
materials. Si dissolves in iron and tends to strengthen
it [10].

For both types of material (AISI 1020 and AISI 1040),
the highest hardness values were measured in the
quenched samples. The hardness of the samples
decreased with the increasing tempering temperature.
While the AISI 1020 material had a microhardness
level of 360.533 after quenching, the microhardness
of the sample decreased by 25% with the tempering
heat treatment applied at 450 °C, and by 40% with the
tempering heat treatment applied at 650 °C.

For AISI 1040 material, the microhardness value
was found to be 637.433 after quenching, but it
decreased by 43% and 54% at 450 °C and 650 °C
respectively. Similarly, when tempering was applied
at 650 °C after quenching, macro hardness values of
AISI 1040 and AISI 1020 materials decreased by 46%
(from 56.766 HRC to 30.8 HRC) and 51% (from
38.333 HRC to 18.733 HRC) respectively. It can be
concluded that increasing the tempering temperature
results in lower work hardening capacity [11]. The
martensite structure, which has a hard structure at low
tempering temperature, decreased with the increasing
tempering temperature, and the bainite and pearlite
structure, which have a softer structure, increased.
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Figure 5. The microstructure of AISI 1040 steel (200X magnification) (41s1 104

0 ¢eliginin mikroyapist (200X biiyiitme))

Figure 6. The microstructure of AISI 1040 steel (500X magnification) (41SI 1040 ¢eliginin mikroyapisi (500X biiyiitme))
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Figure 7. Hardness test results (Sertlik deneyi sonuglary)
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Figure 8. Tensile test results (Cekme deneyi sonuglari)

3.3. Tensile Test (Cekme Deneyi)

The results of the tensile test are presented in Fig.
8. While the tensile test was carried out as usual in the
guenched sample of AIS1 1020 material, the quenched
sample of AISI 1040 material behaved in a brittle
manner and was directly broken. For this reason, the
yield and tensile strength could not be measured. This
may be associated with the brittle material after the
guenching process and the excess residual stresses. In
general, yield strength and tensile strength values of
AISI 1040 material are higher than AISI 1020

material. As mentioned earlier, this can be attributed
to the greater presence of elements such as C, Cr, and
Si in the chemical composition of AISI 1040 material.
Thanks to these elements, AISI 1040 material has a
higher hardenability and strength than AISI 1020
material. For this reason, the elongation at break
values of AISI 1020 material were found to be higher.

As can be seen in Fig. 8, the yield strength and
tensile strength decrease with increased tempering
temperature. When the differences between yield
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strength and tensile strength are considered as a
measure of the work hardening rate, it can be
concluded that increasing tempering temperature
results in lower work hardening capacity.

As shown in the elongation change graph, the
elongation value of AISI 1040 steel is much lower
than that of AISI 1020 steel under all heat treatment
conditions. For both types of materials, elongation
values increased with the tempering process and
increasing tempering temperature. This implies that
the ductility increases. As the tempering temperature
increased, the material became more ductile, and thus,
the hardness value decreased.

3.4. Charpy Impact Test (Centik Darbe Deneyi)

There is a certain relationship between the impact
energy and ductility of the materials. The impact
energies of non-ductile materials are also low. Fig 9
shows the impact energy values of the samples. The
impact energy of AISI 1040 material is much lower
than that of AISI 1020 material. This difference
between the two materials is 93%, 79%, 77%, and
75% respectively in the quenched samples, tempered
at 450 °C, 550 °C, and 650 °C, respectively. This is
attributed to the difference in the amount of C between

the two steel types. Increasing the amount of C
increases the iron carbide (cementite/FesC) ratio. The
strength increases since iron carbide is a hardening
phase. However, ferrite-cementite interfaces are ideal
interfaces for crack nucleation. Therefore, with the
increase of iron carbide ratio, the strength increases
but the fracture toughness and elongation decrease.

While the lowest impact energy value for both
types of materials was found to be in the samples that
were given water, the impact energy values increased
significantly together with the tempering heat
treatment. Impact energy values also increased with
an increase in tempering temperature from 450 °C to
650 °C. The impact energy value of AISI 1020
material, which was 58.95 J after quenching,
increased by 127% and reached 133.85 J when
tempered at 450 °C. This value increased by 17.9% at
the tempering temperature of 550 °C, and 21.6% at
650 °C. Similarly, in AISI 1040 material, when
tempering heat treatment was applied at 450 °C, 550
°C, and 650 °C, the impact energy value increased by
603%, 30.7%, and 30.4%, respectively. What is
crucial here is that the impact energy is very low in the
quenched sample of the AISI 1040 material, and the
impact energy shows a very high increase with the
first tempering process.

mATSI 1020 m AISI 1040
200
S 160
? 120
=
@
S 80
-9
g
o 40 -
0 -
Quenched 450 550 650
Tempering temperature (°C)

Figure 9. Impact test results (Darbe debneyi sonuglary)

4. CONCLUSIONS (SONUCLAR)

In this study, after the quenching process of AlSI
1020 and AISI 1040 steel types, the tempering process
was applied at three different temperatures: 450, 550,
and 650 °C, and the effects of the heat treatments on
the mechanical properties of steels were investigated.
The results obtained in the study are as follows:

e Compared to AISI 1020 steel, AISI 1040 steel
has a higher hardenability. AISI 1040 steel

showed higher hardness values in all heat
treatment types.

e With the tempering process and increasing
tempering temperature, there was a decrease in
the hardness values of both types of materials.

e Compared to AISI 1020 steel, AISI 1040 steel
has higher tensile strength and yield strength
under all heat treatment conditions. With the
tempering and the increasing tempering
temperature, the tensile strength and yield
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e strength values decreased in both types of
materials.

e The elongation value of AISI 1040 steel is lower
under all heat treatment conditions. With the
tempering process and increasing tempering
temperature, the elongation values of the
samples increased.

e Under all heat treatment conditions, the impact
energy of AISI 1040 material is much lower than
that of AISI 1020 material. With the tempering
heat treatment, the impact energies of both
materials increased. As the tempering
temperature increased, the impact energies
increased, too.
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Anahtar Kelimeler:
Enerji depolama, enerji
verimliligi, pompaj
depolamanin  elektrik
piyasasina etkisi

Enerji, ekonomik ve sosyal kalkinmanin vazgecilmez temel taslarindan biri olarak, toplumun
refahi i¢in tiretim faaliyetlerinin ana kalemlerinden biridir. Bundan dolay1 yasam standartlarinin
gelisimi i¢in ihtiya¢ duyulan enerjinin yeterli, slirekli ve diisiik maliyetle saglanarak sunulmasi
onemli bir gerekliliktir. Yenilenebilir enerji kaynaklarindan Pompaj Depolamali Hidroelektrik
Santrallerinin (PHES) kurulus amaci pik talebin karsilanmasi iken, ayn1 zamanda suyun potansiyel
enerjisi seklinde depolanmasi maksadiyla da planlanmaktadir. Bu ¢alismada diinyada ve
ilkemizde mevcut PHES’ler incelenerek, Oymapinar hidroelektrik santrali rezervuarinin alt
rezervuar olarak kullamldigi ve 372 m kotunda 1.000.000 m? - 2.500.000 m?- 5.000.000 m®’liik 3
farkli iist rezervuar hacmi baz alinarak; 400 m uzunlugunda, 3 m ¢apinda beton kaplamali 1 adet
enerji tiineli, 500 m uzunlugunda ve 5 m ¢apinda 1 adet kuyruk suyu tiineli, -10 m kotunda 1 adet
santral binasi, Santral binasi i¢inde 3 adet tlirbin ve alt rezervuar olarak da Oymapinar HES
Rezervuarmin kullanilmasi planlanmigtir. Yapilan tasarim galigmasi analitik hesaplamalar ile
yapilarak, hesaplamalar sonucunda her bir senaryo igin 245.120.073 $ — 321.920.073 $ —
351.520.073 $ yatirim bedeli ve 15-9-9 yillik rantabilite oran1 bulunmustur.
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Pumped Storage Hydroelectric Power Plant Design

ARTICLE
INFO

ABSTRACT

Received: 07.09.2020
Accepted: 19.04.2021

Keywords:

Energy storage, energy
efficiency, the impact
of pumped storage on
the electricity market

Energy, as one of the indispensable cornerstones of economic and social development, is one of
the main items of production activities for the welfare of the society. Therefore, it is an important
necessity to provide the energy needed for the development of living standards by providing
sufficient, continuous and low cost. While the purpose of establishing Pumped Storage
Hydroelectric Power Plants (PHES), one of the renewable energy resources, is to meet the peak
demand, it is also planned to store water as potential energy. In this study, by examining the
existing PHES in the world and in our country, based on 3 different upper reservoir volumes of
1.000.000 m?3 - 2.500.000 m? - 5.000.000 m® at 372 m altitude and where Oymapinar hydroelectric
power plant reservoir is used as lower reservoir; 1 energy tunnel with 400 m length, 3 m diameter
concrete lined, 500 m long and 5 m diameter tail water tunnel, 1 powerhouse at -10 m elevation,
3 turbines in the power plant and the Oymapinar HEPP Reservoir as a sub-reservoir It is planned
to be used. The design study was carried out with analytical calculations, and as a result of the
calculations, an investment cost of $ 245.120.073 - $ 321.920.073 - $ 351.520.073 and a 15-9-9
year profitability ratio was found for each scenario.

https://dx.doi.org/10.30855/gmbd.2021.01.04

1.GIRIiS (INTRODUCTION)

Fosil yakit kaynaklariin tiikenmesi, maliyet artisi,
kiiresel 1sinma, ¢evresel kirlilik ve enerji ihtiyacindaki
artislar nedeniyle; yenilenebilir enerji kaynaklar1 tiim
zamanlardan daha onemli hale gelmistir [1] ve [2].

Yenilenebilir enerji kaynaklarinin  gii¢ {iretim
miktarlar1 mevsimler, aylar, giinler vb. bir¢ok faktore
bagli olarak degistigi i¢in gii¢ liretiminde siireklilikleri
yoktur. Pompaj depolamali hidroelektrik santraller
(PHES) enerjinin depolanmasi sorununda ¢éziim igin
bilinen en eski yontemdir. Pompalanan depolama
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tesisleri, bir baraj kapag: ile farkl yiiksekliklerde ve
birbirine bagli durumdaki iki su deposundan olusur.
Yogun olmayan donemlerde su iist rezervuara
pompalar vasitasiyla gonderilerek, yogun donemlerde
diisiik rezervuara bosaltmak vasitasiyla enerji tiretilir.
Pompaj depolamali hidroelektrik santrali (PHES),
Riizgar Enerji Santrali (RES) ve Giines Enerji Santrali
(GES) gibi siirekliligi olmayan kaynaklar
dengelemek i¢in kullanilabilecek baslica yenilenebilir
enerji kaynagi olmasi da diger bir avantajli kismidir.
Ciinkii Pompaj Depolamali Hidroelektrik Santrali
(PHES) artan gii¢ talebini karsilayabilir ve sera gazi
emisyonlarinin diismesini saglayabilir [3]. Ayrica,
isletme esneklikleri ve talep degisikliklerine veya spot
fiyata hizli cevap verebilmeleri, yakit maliyetini
diigiirmeyi miimkiin kilar [4].

Yenilenebilir enerji kaynaklarinin depolanmasi
teknolojileri Diaz-Gonzalez vd. tarafindan ayrintili
sekilde incelenmistir [5]. Bu sistemlerde yenilenebilir
enerji kaynaklarindan gelen fazla enerji, seviyesi daha
yukarida olan bir rezervuara pompalanan suyun
yaratacag1 potansiyel enerjisi formunda depolanabilir
ve ne zaman istenirse rezervuardan birakilan su ile
tekrar elektrik Uretilir. Literatiir ¢alismalarina ve
diinya iizerinde kurulu ve isletmede olan mevcut
PHES’ler incelendiginde, bu sistemlerin saf PHES ya
da karisik PHES olmak iizere iki g¢esit olabilecegi
gorilmistir [6,7].

OPEN-LOOP PUMPED-STORAGE HYDROPOWER

Projoctsthat re contnuousy connected to a natraly flowtng water feaure

CLOSED-LOOP PUMPED-STORAGE HYDROPOWER

Prjects that are ot contuously connected o 2 naturaly foming water feature

o ™ EN5.
Sekil 1. a) Saf PHES Sistemi (Open-Loop PSH),
b) Karisik PHES Sistemi (Closed-Loop PSH) [8]

Sue 2018 yilinda yaptifi ¢alismasinda,
giiniimiizde artan elektrik talebi ve ¢evresel sorunlar
nedeniyle yenilenebilir enerjilerin en iyi secenek
haline geldigini ve yenilenebilir enerji kaynaklarinin
daha genis kullaniminin 6niindeki en biiylik sorunun
enerji depolamasi oldugunu belirtmistir [9]. Gabriel
V. ve ark.,, 2019 yilinda yaptiklar1 c¢aligmalarinda
mevsimsel degiskenlikler nedeniyle yenilenebilir
enerji kaynaklarinin kesintili olmasi, tamamlanmamis
veya terk edilmemis depolamali hidroelektrik

santrallerinin ~ yeniden  kullamm  potansiyelleri
nedeniyle hibrit enerji sistemlerinde dikkate alinmasi
gereken onemli bir secenek oldugunu belirtmislerdir
[10]. Harby A. ve ark., 2013 yilindaki ¢aligmalarinda,
Rezervuarli hidroelektrik santralinin, gilinlimiizde
yenilenebilir enerji depolamasinin tek sekli oldugu
belirtilerek, PHES genellikle tiirbin veya pompalama
modunda yalnizca birkag saat calisacak sekilde
nispeten yiikksek bir kapasiteye sahip olarak
tasarlandig1 ve teknik olarak PHES, ayr1 bir tiirbin ve
pompa veya tersinir bir pompa tiirbini ile donatildig
belirtilmistir [11]. Shanti S. ve ark., rekabetci piyasa
yapisinda, basit hidroelektrik santrallere kiyasla,
pompaj depolama tesisinin kar1, piyasa fiyat1 yiiksek
oldugunda jeneratdr olarak ve fiyat diisiik oldugunda
pompa olarak calistinlarak en {ist diizeye
cikarilabilecegini belirtmistir [12].

Aytag, 1. H., (2010), hazirladig1 yiiksek lisans tez
calismasinda, enerji kaynag olarak riizgar ve giinesin
kullanildig1 hibrit bir santral modeli olusturulmasi
hedeflenmistir. Bu amaca y6nelik olarak veri toplama
sisteminden alinan verileri incelemigtir. Verilere
dayali olarak da bolgenin riizgar ve giines enerji
potansiyelini belirlemis ve bolgesel enerji ihtiyacina
dayali riizgar ve giines enerji modelini
olusturmustur [13].

Can, T. M., (2010), hazirladig: yiiksek lisans tez
caligmasinda enerjiye duyulan ihtiyacin artmasi,
kullanilan enerji kaynaklarinin ¢evre kirliligine neden
olmasi ve tiikenebilir olmasindan dolay1 yenilenebilir
enerji kaynaklarindan yapilacak {iretime ihtiyag
oldugunu belirtmistir. Yaptig1 calismada Hatay ili
Iskenderun bélgesi icin giines ve riizgar enerjilerinin
kaynak olarak kullanildigi hibrit bir sistem
tasarlanmigtir. Tasarlanan sistemde, gilines ve riizgar
kaynaklar1 vasitasiyla elde edilen enerji akiilerde
depolanmakta ve ihtiyag¢ halinde pompaya
aktarilmaktadir. Akiilerin dolu oldugu zamanlarda
uretilen enerji direkt yiike aktarilmaktadir. Akiilerin
bos oldugu yani sistemin g¢alismadigi zamanlarda
sistemin enerjisi jeneratorden saglanmaktadir [14].

Kutlu, C., (2012), hazirladig: yiiksek lisans tez
calismasinda, nehir tipi pompajlt hidroelektrik santrali
projelerinin risk degerlendirmesi i¢in yeni bir yontem
uygulanustir. Onerilen yontem, bulanik kiimeler ve
uzman yargillarim kullanilan ¢ok  Olgiitlii  bir
degerlendirme sistemidir. Gergeklestirilen teknik
geziler, uzman yargilart ve literatiir taramasi
sonucunda toplam 11 adet risk faktorii tespit etmistir.
Calismada girdi olarak kullanilan risk faktorleri: arazi
jeolojisi, arazi kullanimi, gevresel sorunlar, sebeke
baglantisi, toplumsal kabul, finansal, dogal afet,
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kanun ve yonetmelik degisikligi, terdr, altyapi erisimi
ve nakit akisi. Risk faktorlerinin 6nem dereceleri
uzmanlarla gerceklestirilen anketler sonucunda
belirlemistir ve anket sonuglarina gore cevresel
konular ve tesisin insa edilecegi saha jeolojisi en
onemli risk faktorleri olarak ortaya cikmistir.
Belirlenmis olan risk faktorlerinin puanlanmasi
neticesinde proje risk indeksi c¢ikti olarak elde
edilmistir. Risk indeks degerine bagli olarak, proje
riski diisiik, orta, yiiksek ve c¢ok yiiksek olarak
smiflandirilmigtir [15].

Karagay, P., (2010), yaptig1 calismasinda pompaj
depolamali santraller, yeni devreye girecek dogal
akigli HES, termik, ve riizgar santralleri i¢in de ideal
bir tamamlayici ortak oldugunu savunmustur [16].

Demirhan, A. Y., (2013), hazirladigi doktora
tezinde riizgdr kaynakli elektrik iiretiminin sistem
icindeki paymin artmasi, riizgar enerjisinin
dalgalanmasi nedeniyle elektrik sisteminin dengesi ve
enerji kalitesini bozucu etkiye sahip oldugunu
belirtmistir [17].

Farkli kaynak tiplerine sahip santrallerin devreye
girme ve tam kapasiteye ulasma zamanlari ile ilgili
Japonya’da yapilan bir ¢aligmanin sonuglari Tablo-
I’de wverilmistir. Bu calismada ilgili santrallerde
iretime 8 saat ara verildikten sonra santraller
calistirilarak sonuglar alinmistir [18]. Tablo-1’den de
anlagilabilecegi gibi pompaj depolamali hidroelektrik
santraller ile klasik hidroelektrik santraller haricindeki
farkli kaynak tipindeki santrallerin puant ihtiyacini
(elektrik tiiketimini en yiiksek oldugu saatler)
kargilama yetenegine sahip degillerdir.

Tablo 1. Farkli kaynak tipindeki santrallerin devreye
girme ve tam kapasiteye ulasma anlar1 (Moments of
activation and full capacity of power plants of different source

types) [18]

Baslama ve Tam

Proje Tipi Kapasiteye Ulagma

Siiresi
Klasik Hidroelektrik Santraller 3-5 dakika
Pompaj Depolamali Santraller 3-5 dakika
Fuel-Oil Santralleri 3 saat
LNG-DogalGaz Santralleri 3 saat
LNG-Cevrim Santralleri 1 saat
Komiir Santralleri 4 saat
Niikleer Santraller 5 giin

Bu ¢alismada, PHES’ in 6nemi vurgulanarak, su an
hi¢ pompaj depolamali hidroelektrik santrali olmayan
ve yenilenebilir enerji kaynaklarinda sahip oldugu

potansiyele ragmen enerji tiretiminin bilylik kismini
fosil yakitlara dayandiran Tiirkiye icin Ornek bir
tasarim seklinde sunulmaktadir.

Tablo 2. Enerjinin Depolanma Amaglari (Storage

purposes of energy) [20]
Amag Zaman Arali1 Aciklama
Enerii Saniyeler
oo mertebesinde | Enerji kalitesinin
Kalitesini a da daha kisa | siirekliliginin saglamasi
Yiikseltme |2 53 | SUTCKUNE sag s
stirer
Farkli enerji iiretim
Saniyelerden merkezlerini
Giicii dakikalar kesme/devreye
Destekleme | mertebesine almalarda enerjinin
kadar stirekliliginin
saglanmast
Saatlerden Enerji liretim .
- . fazlasi/ekonomik
Enerji giinler -
O - oldugu zamanlarda
Yonetimi mertebesine o
kadar depolanmasi ve ihtiyac
halinde kullanilmasi

Yapilacak PHES tasarim ¢aligmasi igin Antalya,
Isparta ve Burdur illerini kapsayan elektirik dagitim
bolgesi secilmis ve 372 m kotunda 3 farkli {ist
rezervuar hacmi i¢in, 400 m uzunlugunda, 3 m
capinda beton kaplamali 1 adet kuyruk suyu tiineli, -
10 m kotunda 1 adet kuyruk suyu tiineli, -10 m
kotunda 1 adet santral binasi, santral binasi i¢inde 3
adet tiirbin ve alt rezervuar olarak da Oymapinar HES
rezervuart kullanilarak 3 farkli senaryoda Pompaj
Depolamali HES tasarimi yapilmstir. Caligmanin
sonuglarinin ~ Tirkiye’deki  yenilenebilir  enerji
kaynaklarmin kullanimini arttirmaya yonelik 6nemli
bir tasarim ¢aligmasi olmasi beklenmektedir. Ayrica
enerji planlamasi yapan kisi/kuruluslar ve karar verici
merciler igin bir ara¢ olarak kullanilmasi
hedeflenmektedir.

2. PHES VE UYGULAMALARI (PUMP STORAGE
HEPP AND APPLICATIONS)

Pompaj depolamali  hidroelektrik  santraller
(PHES) suyun tekrar tekrar elektrik iiretiminde
kullanilabildigi elektrik enerjisi depolama tiirlerinden
biridir. PHES, elektrik enerjisi fiyatinin genelikle
yiikksek oldugu puant saatlerinde tiirbin modunda,
elektrik enerjisi fiyatinin genellikle diisiik oldugu gece
saatlerinde pompa modunda islev gérmektedir [19].

Siiper kapasitorler, konvansiyonel bataryalar ve
hava sikistirmali depolama gibi diger enerji depolama
bi¢imleriyle kiyaslandiginda, PHES’ler, yatirnm
maliyetinin biiytikliigii ve insa siiresinin uzunlugu
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acisindan  dezavantajli  olsada,  depolama
kapasitelerinin biiyiikliigii, temiz enerji olmasi ve
verimlilikleri agisindan diger depolama tiirlerinden
daha avantajhdirlar.

2.1 Pompaj Depolamah Hidroelektrik
Santrallerin Yapisi (Structure of Hydroelectric Power
Plants with Pumped Storage)

Pompaj depolamali hidroelektrik santrali ki
rezervuardan, pompalardan, tirbinlerden,
motorlardan, jeneratdrlerden, cebri borulardan, akis
kontrol wvalflerinden, sistem kontroloriinden ve
yardimer ekipmanlardan olusur. PHES, 90 saniye
icerisinde g¢evrimig¢i olur ve 120 saniye i¢inde tam
giice ¢ikabilir. Ayrica pompalama modundan iiretime
veya iretimden pompalama moduna 180-240 saniye
arahiginda gegebilir [21]. Pompaj depolamali
sisteminin kiiresel verimliligi %75 ile %80 arasindadir
[22].

Tablo 3. Gidig-Doniis Verimliligi & Calisma
Verimliligi (Round trip efficiency & working efficiency) [22]

| Diisiik % | Yiiksek %

Uretim Elemanlari
Su Iletkenleri 97.40 98.50
Pompa Tiirbini 91.50 92.00
Generatér Motoru 98.50 99.00
Transformator 99.50 99.70
Ara Toplam 87.35 89.44

Pompa Elemanlari
Su Iletkenleri 97.60 98.50
Pompa Tiirbini 91.60 92.50
Generator Motoru 98.70 99.00
Transformator 99.50 99.80
Ara Toplam 87.80 90.02
Isletme 98.00 99.50

2.2 Pompaj Depolamah Hidroelektrik Santral
Cesitleri (Types of Hydroelectric Power Plants with Pumped
Storage)

Pompaj depolamali hidroelektrik santralleri
(PHES) iki temel tipten olusur;

a) Saf (veya akimdan arindirilmig) PHES (kapali
dongii sistemler), enerji tiretmek igin bir {ist rezervuar
icine pompalanan suya dayanir. Saf PHES, biri dere
disinda olan ve digeri nehir, gél veya deniz olan iki
rezervuar arasinda suyu tasir (ABD Ordusu
Miihendisler Birligi 1985) [23].

b) Geri-Pompal1 enerji santralleri olarak da bilinen
Birlesik PHES (agik dongli sistemler), suyu
depolamak / birakmak ve elektrik {iretmek igin
pompalanmis, dogal akislt sular1 kullanir.

Sekil 2. PHES Sistemi ve Elemanlar1 (Pumped storage
power plant system and components)

Sekil 3. Saf PHES 6rnekleri (Open Loop PSH) [24]

Degisken Hizh PHES: Kullanilan PHES’ler
genellikle sabit hizli pompa tiirbinlerinden
olusmaktadir. Ancak, bunlar bosaltma modunda
frekans regiilasyonu saglayabilirlerken pompalama
modunda saglayamazlar. Onciiliigiinii Japonya nin
yaptigi Degisken Hizli PHES teknolojisi, tesislerin
pompalama iglemi sirasinda frekansi diizenlemesine
izin verir.

Deniz Suyu PHES: Japonya’nin Okinawa'da
kullanarak onciiliik ettigi bu tesis tipinde, acik deniz
diisik rezervuar olarak kullanilir. Hollandali
danigmanlik girketi DNV KEMA, denizin {ist
rezervuar olarak kullanildig1 ve deniz seviyesinden 50
metre asagida bir tesis insa eden projesi de dahil
olmak iizere, bu teknolojiyle baglantili olarak yeni
projeler gelistirilmektedir.

Yeralti PHES: Yeraltt magaralarinin diisiik
rezervuar olarak kullanilmasina dayali bu sistemlerin
heniiz higbir 6rnegi yoktur.
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2.3 Pompaj Depolamah Hidroelektrik

Santrallerin Olumlu Ve Olumsuz Yonleri (Pumped
Storage Hydroelectric Power Plant Positive and Negative
Aspects)

PHES’lerin avantajlari, uzun kullanim omiirleri,
yiiksek kapasite imkani ve pratikte sinirsiz gevrim
Omiirleridir. PHES tesisleri enterkonnekte sistemini
depolama sayesinde kesintilerden koruyabilir. Ayrica
harmonik sapmalar1 azaltabilir, voltaj diisiislerini ve
dalgalanmalarim1 engelleyebilir. Konvansiyonel tip
hidrolik santralleriyle karsilagtirildiginda,
PHES’lerin  kavistayon sinirlari1  daha  diisiik
oldugundan daha genis araliklarda kullanilabilirler
[23].

PHES’ler kisa siirede iiretime baslayabilme ve
sifir yiikte calisabilme yeteneklerine sahiptirler.

maliyetleri icin daha diisiik, ingaat harcamalari iginse
daha yiiksek sermaye yatirimina ihtiya¢ vardir.
Cevresel etkiler de dnemli bir dezavantajidir. PHES
rezervuarinin  yapimi esnasinda dogal akisin
engellenmesi, suyun ekosisteminde bozulma,
manzarada degisiklikler ve vahsi hayati etkileyen
olumsuzluklar goriilebilir [23].

Pompaj depolamali hidroelektrik santrallarin
planlanmasinda proje maliyetinin diisiik olmasi, talep
bolgesine yakin olmasi, aktif fay hatlarindan
uzakliginin 10 km den fazla olmasi, jeolojik
uygunlugu, parklar ve sit alanlar1 gibi korunan alanlar
ile bitki ve hayvan yerlesim alanlarindan uzak olmasi
gibi temel kriterler aranmaktadir.

2.4 PHESlerin Diinyada ve Tiirkiye’deki
Durumu (Pumped Storage Hydroelectric Status in The World

Halihazirda, pompaj depolamali hidroelektrik

santrali teknolojileri diisiik seviyede elektrik anle)urkey : denol 1K kull K d
maliyetine sahip santrallerden biridir. Riizgar ve | rompa) depolamantii 1T xutanimi Konusun a net
. . . . . bir bilgi olmamakla birlikte bircok kaynakta
glines santrallerinin ~ tretim  miktarlarindaki , . ST 8
depiskenlik ve |kesinti nedeniyle tahmin 1890'larda Italya ve Isvigre'de [25] ve [26] oldugunu

sapmalarinda elektrik {iretiminin stabil olmasin

gostermektedir. PHES’ler yaklasik olarak 135.000
MW’mn iizerinde kurulu giic ile 39 {ilkede

saglar ve dretim tiketim dengesini korur. o i .
Yenilenebilir  Enerji  Kaynaklarmm  sebeke isletilmektedir. Bu iilkeler arasinda Japonya toplam
entegrasyonunu maksimum  kapasitede tutarak, kurulu giiciiniin yaklagik %10’una karsilik gelen

sistemin daha kararli sekilde isletilebilmesine olanak
verir [23].

PHES sisteminin dezavantajlar1 ise, suyun alt
rezervuardan iist rezervuara pompalanmasi nedeniyle
ilk yatinm maliyeti standart bir hidroelektrik
santraline gore daha yiiksektir. Isletme ve bakim

25000 MW ile ilk siradadir. Cin’in PHES potansiyeli
hizla artmakta oldugundan, gelecekte diinya iilkeleri
arasinda ilk sirada olmasi beklenmektedir. Tablo 4’de
diinyadaki degisik tilkelerdeki kurulu PHES’lerin ve
planlanan PHES leri gii¢ degerleri yer almaktadir.

Tablo 4. Diinyadaki mevcut ve planlanan PHES’ler (Existing and planned pumped storage plants in the world) [27]

Ulkeler Mevcut Maksimum Planlanan Maksimum
Toplam Gii¢ (MW) Toplam Gii¢ (MW)

1 Arjantin 987 0

2 Avustralya 2.754 0

3 Avusturya 2.837 1.700

4 Belgika 0

5 Brezilya 191 0

6 Bulgaristan 535 864

7 Kanada 122 0

8 Sili 29 0

9 Cin 855 4.445

10 Rusya 835 12.048

11 Kolombiya 31 0

12 Hirvatistan 280 0

13 Finlandiya 0 525

14 Cek Cumbhuriyeti 1.153 0

15 Fransa 5.846 0

16 Almanya 6.621 0

17 Macaristan 0 1.280

18 Hindistan 2.427 1.886
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19 Iran 0 1.140
20 Irlanda 292 0
21 Israil 800 800
22 Italya 7.421 1.611
23 Japonya 24.733 2.987
24 Kore 1.152 670
25 Meksika 0 2.600
26 Fas 0 780
27 Norveg 1.014 0
28 Filipinler 300 1.800
29 Polonya 1.550 92
30 Portekiz 558 149
31 Romanya 237 293
32 Slovakya 0 969
33 Giiney Afrika 1.787 0
34 Ispanya 5.208 3.218
35 Isveg 426 0
36 Isvicre 2.678 0
37 Tayvan 1.008 1.620
38 Tayland 410 743
39 Ingiltere 3.242 0
40 ABD 20.184 1.576

Tirkiye’de elektrik enerjisi

arz giivenligine

PHES, yalnizca gii¢ iiretiminde bulunmakla kalmaz,

bolgesel olarak bakildiginda {iretimin tiiketimi
kargilamadig1 ve iretimin tiiketimden ¢ok fazla
oldugu bolgelerin oldugu gorilmektedir. Bu nedenle
PHES’lerin yer sec¢iminin arz giivenligi a¢isindan,
tilketimin fazla ve {iretimin diigiik oldugu bolgelerde
olmast onemli oldugundan, yer se¢iminde elektrik
tilketiminin yogun oldugu ile {retimin tiiketimi
kargilama oraninin diisik oldugu bdlgeler ve
Tiirkiye’nin hidroelektrik potansiyeli de dikkate
almmustir. [29].

Tablo 5°de belirtildigi iizere, EIE genel miidiirliigii
tarafindan 2009 yilinda yapilan istiksaf/on fizibilite
caligmalar1 sonucunda, toplam 13.700 MW kurulu gii¢
olarak planlanan 16 tane saha belirlenmis ve bu
sahalardan yenilenebilir enerji kaynakli kurulu gii¢
artis1 ve niikleer projelerin devreye giris tarihlerine
gore asagidaki sirayla devreye alinmasinin uygun
olacagi belirlenmistir.

1) Gokgekaya PHES: 1.400 MW
2) Oymapmar PHES: 500 MW

3) Karacadren-2 PHES: 1.000 MW
4) Bayramhacili PHES: 500 MW
5) Altinkaya PHES: 1.800 MW

6) Yamula PHES: 500 MW

3. TASARIM (DESIGN)

Bu calisma, ornek bir pompaj depolamali bir
hidroelektrik santralini insa etme c¢alismasidir. Bir

elektrik enerjisinin arz ve talep durumuna gore
depolama imkani da saglar. Dahas, kisa siirede arz ve
talep dengesindeki degisiklikleri 6ziimseme ve sistem
frekansini sabit tutma iglevlerinde de miikemmel bir
yetenege sahiptir. Sonugta, PHES geregince
degerlendirilirse, mevcut sartlarda dahi ekonomik
olmas1 ve ileriki donemlerde daha da ekonomik hale
gelmesi beklenmektedir.

PHES uygulamasinin yararlarinin  asagidaki
sekilde olacag diistiniilmektedir:

(1) Azami Talep ile ilgili Enerji Uretimi

PHES’in yillik sabit maliyeti 6yle dusiiktiir ki,
yilik yik faktoriiniin %20’nin altinda olmasi
sayesinde azami talep i¢in diger enerji santrallerinden
daha iyi bir durumdadir.

(2) Enerji Depolama islevi

Suyu alt rezervuardan  {list rezervuara
pompalayarak ve yogun donemlerde iist rezervuarda
depolanmis suyu kullanmak suretiyle elektrik
iireterek, enerji depolama kayiplart dikkate alinsa dahi
karin1 korumaktadir.

(3) Yan Hizmet Temini

Isletme esnasinda, iiretimdeki hizli ayar, sistem
frekansindaki diizensizligi azaltmaktadir. Ayrica,
durdurulsa dahi sonraki 5 dakika igerisinde iiretim
tekrar gegme yetenegine sahip olan PHES, ani iiretim
kayiplarin1 veya riizgar enerjisi, glines enerjisi vb.



32

Cigek, Ozdemir / Gazi Miihendislik Bilimleri Dergisi 7 (1). (2021) 26-35

tretim ¢esitlerinde Ongoriilmeyen dengesizliklere
karg1 emniyet kilidi gorevini gortir.

Asagidaki iki nokta, yan hizmet islevi
kullanimindan  elde edilen faydalar olarak
diigiiniilmektedir.

o Isletme esnasinda (iiretim modu ve
pompalama modu), PHES frekans kontrolii
yapar ve s0z konusu islevin temininden
kazang elde eder.

e Durma esnasinda, PHES her zaman bir
marjinal tedarik kapasitesi olarak hazir
bulunur ve kisa bir siirede faaliyete
baslayabilir (yaklasik bes dakika icinde).
Elektrik sisteminin arz talep dengesini
etkileyen  Ongoriilmeyen bir  kazanin
(6rnegin, biiyiik dlgekli bir enerji santralinin
kesintiye ugramast) gerceklesmesi
durumunda, arz enerjisi emniyete alinir.

Tablo 5. EiE pompaj depolamal hidroelektrik santral projeleri (EIE pumped storage power plant projects) [27]

Tesis Ad1 Kur(ul\l/luv\?)ucu ili Tirii Progrengse)bISI lz;s)u
Iznik I PHES 1.500 Bursa Tamamen Yeni Yatirim 687 255
Gokgekaya PHES 1.400 Eskisehir | Mevcut Baraj Goliine Entegre 193 962
Sartyar PHES 1.000 Ankara Mevcut Baraj Goliine Entegre 270 434
Bayramhacili PHES 1.000 Kayseri Mevcut Baraj Goliine Entegre 720 161
Hasan Ugurlu PHES 1.000 Samsun Mevcut Baraj Goliine Entegre 204 570
Adigiizel PHES 1.000 Denizli Mevcut Baraj Goliine Entegre 484 242
Burdur PHES 1.000 Burdur Tamamen Yeni Yatirim 316 370
Egridir PHES 1.000 Isparta Tamamen Yeni Yatirim 175 672
Kargi PHES 1.000 Ankara Mevcut Baraj Goliine Entegre 238 496
Karacao6ren I1 PHES 1.000 Burdur Mevcut Baraj Goliine Entegre 190 615
Yalova PHES 500 Yalova Tamamen Yeni Yatirim 147 400
Yamula PHES 500 Kayseri Mevcut Baraj Goliine Entegre 228 260
Oymapinar PHES 500 Antalya Mevcut Baraj Goliine Entegre 156 372
Aslantag PHES 500 Osmaniye | Mevcut Baraj Goliine Entegre 379 254
Iznik 11 PHES 500 Bursa Tamamen Yeni Yatirim 221 263
Demirkoprii PHES 300 Manisa Mevcut Baraj Goliine Entegre 166 213

Ulkemizdeki elektrik enerjisi arz giivenligi
bolgesel olarak incelendiginde; elektrik tiretiminin
tilketimi kargilamadig bolgeler ve elektrik iiretiminin
tilketiminden ¢ok fazla oldugu bdlgelerin oldugu
anlagilmaktadir. Bu nedenle PHES’lerin yer se¢imi
yapilirken arz giivenligi agisindan tiiketimin yiiksek
ve arz agiginin oldugu boélgelerin projelendirilmesi
onemlidir. Bu kapsamda PHES’ler elektrik
tilketiminin yogun oldugu ve bolgesel arz giivenligi
acisindan tretimin tiiketimi karsilama oraninin diigitk
oldugu bolgeler ve Tirkiye’nin hidroelektrik
potansiyeli de dikkate alinarak incelenmistir [28].

Bu ¢aligmada; elektrik piyasasinin yapisi, gelisimi
ve uzun yillardir diinyada pik saatlerdeki enerji
ihtiyacini kargilamak igin kullanildigi halde heniiz
iilkemizde bir 6rnegi bulunmayan pompaj depolamali
hidroelektrik  santrallerin  ¢alisma  prensibini,
diinyadaki ornekleriyle birlikte aciklamak, pompaj
depolamali  hidroelektrik  santraller konusunda
uygulanabilir 6rnek bir tasarim olusturabilmek
amaclanmustir.

Sistem tek hat olarak tasarlanmis yani sistem ya
pompa modunda ¢alisarak suyu depolar ya da tiirbin
modunda ¢alisarak suyu asagi birakir ve enerji {iretir.
Diinyada ¢ift hatta sahip olan sistemlerde
bulunmaktadir, fakat bu c¢alismada kurulum
maliyetinin disiikliigii nedeniyle tiim hesaplar tek hat
tizerinden yapilmustir.

Tablo 6. Tasarlanan PHES in karakteristik 6zellikleri
(Characteristics of the designed PHES)

Senaryol | Senaryo?2 | Senaryo 3
Rez. Hacmi (m3) 1.000.000 | 2.500.000 | 5.000.000
Enerji Tiineli 400 400 400
Boyu (m)
Enerji Tiineli

3 3 3

Cap1 (m)
Kuyruk Suyu
Tiineli Boyu (m) 500 500 500
Kuyruk Suyu
Tiineli Cap1 (m) 5 5 5
Maksimum Su 377 377 377
Kotu
Minimum Su
Kotu 365 365 365
Kret Kotu 380 380 380
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Bu c¢aligma kapsaminda Tablo 6°da ana
karakteristik ozellikleri belirtilmis 372 m kotunda 3
farkli st rezervuar hacmi baz alinarak; 400 m
uzunlugunda, 3 m ¢apinda beton kaplamali 1 adet
enerji tiineli, 500 m uzunlugunda ve 5 m capinda 1
adet kuyruk suyu tiineli, -10 m kotunda 1 adet santral

Ust Rezervuar
Senaryo 17 1.000.000 m3
Semaryo 2: 2.500.000 m3

Senaryo 3: 5.000.000 m3

™ (Emeril Saft)

binasi, Santral binasi iginde 3 adet tiirbin ve alt
rezervuar olarak da Oymapinar HES Rezervuarinin

kullanilmast  planlanmistir.  Oymapinar  Pompaj
Depolamali HES 7 saat c¢alisacak sekilde
planlanmustir.

000 m3
vear (Oymapinar HES
2}

Rezecvu

Sekil 4. Tasarlamis Oldugumuz Pompaj Depolamali HES’in Caligma Semasi (Operation Scheme of the Pump Storage
HEPP We Designed)

Tablo 6’da verilen degerler dogrultusunda her bir
senaryo i¢in yapilan hesaplamalarda kurulacak
PHES’in giici ve kag¢ inite olacagi tablo 7°de
belirtilmistir.

Tablo 7. Tasarlanan PHES Giicli (Designed Pump Storage
HEPP Power)

Senaryo 1
39,682

195,723

Senaryo 2
99,206

173,221

Senaryo 3
198,412

92,897

Debi (m3/s)
Net Diisti
Yiiksekligi
P=yxQx
Hn xn

P: Tiirbin
Giicii (kW)
y:9,81
(Yergekimi
ivmesi)

Q: Debi
(m3/s)

Hn: Net
diisli (m)

1 : verim
=0,9

68.572,02 151.722,50 | 162.735,06

69 MW 150 MW
(3 Unite x | (3 Unite x 50
33 MW) MW)

162 MW
(3 Unite
X54MW)

P: Tiirbin
Giicii (MW)

Kurulacak olan 6rnek tesisin maliyet hesaplarinda
Bayindirlik Bakanhgi, Elektrik Isleri Etiit idaresi
Genel Midiirligii 2010-6 sayil1 Gokgekaya Pompajli
HES Ik Etiit Raporu (29) ve Devlet Su Isleri Birim

fiyatlarindan (30) yararlanilarak hesaplanan her bir
senaryonun proje bedeli Tablo8 ‘de belirtilmistir.

Tablo 8. Tasarlanan PHES maliyetleri (Designed Pump
Storage HEPP Costs)

Agiklama Yatirim Tutat1 (3$)
Senaryo 1 245.120.073
Proje Bedeli | Senaryo 2| 321.920.073
Senaryo 3 351.520.073

4. SONUCLAR (CONCLUSIONS)

Depolama sistemleri, giivenilir enerji ihtiyacinin
karsilanmasinda bir ¢dziim niteligi tasimasindan
dolaytr o6nemli bir konudur. Pompaj depolamali

sistemler,  enerji  talebindeki  dalgalanmalari
dengeleyebilmesi nedeni ile kisa donem arz
giivenilirligini  garanti altina  almaktadir. Bu

santrallerin ingasi ile de uzun dénem arz giivenilirligi
ve istikrarli  enerji  yOnetimine de  katki
saglanabilecektir. Ulkemizde 17 adet pompaj
depolamali hidroelektrik santralin ilk incelemesi
yapilarak raporu hazirlanmis, ancak heniiz isletmede
bir PHES yapilamamustir. Ayrica 6n fizibilitesi
yapilarak projelendirilmesi diisiiniilen yaklasik 70
adet PHES bulunmaktadir.

Mevcut hidroelektrik potansiyelimizin yaklasik
47.497 MW (isletmede, insaat Halinde, Insaatina
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Heniiz Basglanmayan) civarinda oldugu ifade
edilmektedir [30]. Bu potansiyelin bir kismim1 PHES
olarak planlanmali ve gerekli yasal diizenlemelerde
hizli bir sekilde tamamlanmalidir. 2019 yili Temmuz
ayl maksimum ani puant giliclimiiziin 45.180 MW
[31], Riizgar Enerji Santrali (RES) kurulu giiciimiiz
7.155 MW yani RES, puant giiciin % 15,831 kadar.
Bu giicii PHES olmadan dogrudan sebekeye
baglayarak yonetmek giictiir. Ulkemiz elektrik arz
giivenligi icin PHES yapimi konusunda daha somut
adimlarm atilmasinin gerekli oldugu yadsinamaz bir
gercektir.

TEIAS 2019 yillik biilteninde belirtilen 2019 yil1
en digiik PTF miktarlar1 dikkate alinarak yapilan
hesaplama dogrultusunda elde dilen iiretim ve tiikketim
bedelleri asagidaki tabloda belirtilmektedir. Yapilan
tasarim calismasinda, Enerji Uretimi icin Piyasa
Takas Fiyatinin nispeten yiiksek oldugu 17.00 - 23.00
saatleri arasindaki 7 saat segilmistir. Pompalama
isleminde tiiketilecek enerji miktarlar1 ve tiiketim
bedelleri, Tiirbin modunda iiretilecek enerjinin
miktarlari ve tiretim bedelleri istteki tabloda verilmis
olup, tasarimin rantabilite oraninin 9 ile 15 yil oldugu
goriilmiistir. PHES yatirimlarinin = enerji  arz
giivenligi icin hayati dneme sahip oldugu gercegi
unutulmayarak, yatirimlarin, devletler tarafindan
tegvik ve siibvansiyonlar gibi araglarla desteklenmesi
uzun vadede, hem devletin hemde piyasa
katilimeilarinin menfaatine olacaktir.

Tablo 9. Tasarlanan PHES Verileri (Designed Pump
Storage HEPP Datas)

Senaryo 1 Senaryo 2 Senaryo 3
Uretilecek
Enerji
Mikiart 176,30 383,25 413,91
(GW/y1l)
Tiiketilecek
Enerji
Mikiart 208,57 461,49 494,99
(GW/y1l)
Uretim
Bedeli ($) 52.943.151 | 115.093.808 | 124.301.312
Tiiketim
Bedeli ($) 36.325.112 | 80.372.973 | 86.206.731
Net Fayda 16.618.039 | 34.720.835 | 38.094.581
Yatirim 245.120.073 | 321.920.073 | 351.520.073
Bedeli
Rantabilite 15 9 9
Oram
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One of the most important factors for the life to return to normal after devastating earthquakes is
conducting reliable damage assessments, which have quantitative rules that do not vary from
person to person. As a result of scientificaly based damage assessment, the housing problem can
be mitigated, the economic burden of allowances spent for the destruction of the buildings with
redundant destruction order will be eliminated, and the loss of life to occur in aftershocks can be
prevented. In this instance, it was increased of siginificance of the first post-earthquake damage
assessments. Rapid and scientific based of damage assessments is an important part of the modern
post-earthquake disaster management. Masonry structures are at the top of the structures where
earthquake damages occurred. The possibility of damage to these structures which have no
engineering services is more likely. Damage assessment forms are used in the first damage
assessment procedures. Damages can be assessed more rapidly and scientifically with the help of
these forms. In this study, the ready-to-use form used for the earthquake damage assessment
procedure for the masonry buildings was transferred to the web base, and the data to be obtained
at the site were transferred to the database via tablets and smart phones. Keeping the earthquake
damages in a memory system will contribute to the studies on earthquakes and the future
earthquake regulations. As the data transferred to the web base will be accessible for different
people, it will provide savings in terms of both time and staff. A php-based web interface was
developed for the study due to its flexibility, speed and secure structure, and MySQL was preferred
as the database. In this study, sampling was conducted for four masonry buildings with different
damage levels caused by the October 23, 2011 earthquake in VVan. Damage assessment procedures
will be completed as soon as possible such as an application based on this study.

https://dx.doi.org/10.30855/gmbd.2021.01.05

Yigma Binalarda Deprem Sonrasi Hasarlarin 10S/Android Hizh
Degerlendirilmesi Uygulamasi

MAKALE
BIiLGiSI

0z

Alinma: 28.01.2021
Kabul: 21.04.2021

Anahtar Kelimeler:

Web Tabanli Yazilim
Deprem
Hizli Degerlendirme

Yikict depremlerden sonra hayatin normale donebilmesindeki en 6nemli unsurlardan biri de
guvenilir ve kisiden kisiye biiyiik farkliliklar icermeyen nicel kurallari olan hasar tespitlerin
yapilmasidir. Bilimsel tabanli yapilan hasar tespitlerin neticesinde barmmma sorunu
hafifletilebilecek, gereksiz yikim karari verilen binalarin yikimi i¢in harcanan &deneklerin
ekonomik yiikii ortadan kaldirilabilecek, art¢1 depremlerde meydana gelecek olan can kayiplarin
Online gegilebilecektir. Bu agamada deprem sonrasi ilk hasar tespitlerinin 6nemi artmaktadir.
Hasar tespitlerinin hizli ve bilimsel bir sekilde yapilmasi deprem sonrast modern afet yonetiminin
6nemli bir pargasidir. Deprem hasarlarin olustugu yapilarin basinda yigma yapilar yer almaktadir.
Herhangi bir mihendislik hizmeti almayan bu tiir yapilarda hasar olugma ihtimali daha yiiksektir.
{1k hasar tespit islemlerinde hasar tespit formlar1 kullaniimaktadir. Bu formlar yardim ile hasarlar
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daha hizli ve bilimsel bir sekilde degerlendirilebilmektedir. Bu caligmada yigma yapilar icin
deprem hasar tespit islemi yapilirken kullanilan hazir form web tabanina taginmis ve sahada elde
edilecek veriler tablet ve akilli telefonlar vasitasi ile veri tabanina aktarilmasi gergeklestirilmistir.
Deprem hasarlariin bir hafiza sisteminde tutulmas: deprem ile ilgili yapilacak ¢alismalar1 ve
hazirlanacak deprem yonetmeliklerine katki saglayacaktir. Web tabanina aktarilan verilere farkly
kisilerin erisim kolaylig1 oldugundan hem zaman hem de personel agisindan tasarruf saglayacaktir.
Calisma i¢in; esneklik, hiz ve giivenli yapisindan dolay1 php tabanli bir web arayiizii olusturulmus
olup, veri tabani i¢in MySQL tercih edilmistir. Bu ¢aligmada 23 Ekim Van depreminde farkl hasar
seviyelerine sahip dort adet yigma bina igin 6rneklendirme yapilmigtir. Bu ¢aligma ile hasar tespit
islemleri olabilecek en kisa siirede tamamlanabilecektir.

https://dx.doi.org/10.30855/gmbd.2021.01.05

1. INTRODUCTION (GIRIS)

Especially the devastating earthquakes in recent
years and large-scale losses of life and property
caused by these earthquakes brought up the studies,
research on earthquake and the importance of the
measures to be taken. In this context, post-earthquake
damage assessments are one of the important steps of
modern disaster management. Detection and
management of all the information on the damaged
structures after the earthquake is also important in
terms of spatial planning and urban transformation [1-
6].

The first post-earthquake damage assessments
should be carried out as rapidly and practically as
possible. Rapid damage assessments are unlikely in
earthquakes with large-scale damages due to the size
of the damage caused, and the lack of adequately
specialized personnel. In such cases, non-specialized
personnel are used, and this does not allow realistic
damage assessments. Furthermore, the difficult field
conditions and inadequate public resources after the
earthquake affect this process adversely as well.
Losing time due to collection of redundant
information is another factor putting a strain for the
technical team during the damage assessment works.
Damage assessment teams should move as fast as
possible and reach a maximum number of buildings in
minimum time especially in major earthquakes.
Therefore, the data that will make the basis of the first
damage assessment should be selected correctly.
Damage assessment forms are formed with the help of
these data, and damage assessment can be conducted
rapidly with the help of these forms. Damage
assessment forms are commonly used in the first post-
earthquake damage assessments. Generally, these
forms are completed as a result of the surveys at the
site, and then the final decision on the structure is
achieved based on the evaluations in the office
environment.

Today, tablets and smart phones are used in many
industries as a means of accessing information in view

of the development process of information
technologies. Any desired information and results can
be accessed rapidly and practically with the help of
these devices. In addition, possible errors can be
reduced to a minimum level by making these data
available to other people. Transferring the earthquake
damages to a web-based environment makes them
possible. Therefore, damage assessment studies will
be managed more effectively.

In this study, the first post-earthquake damage
assessments in masonry buildings were transferred to
a database electronically. A damage assessment form
issued by the Republic of Turkey Prime Minister,
Disaster and Emergency Management Presidency
(AFAD) was used for masonry buildings. Four
masonry buildings in the province of Bitlis that were
exposed to October 23, 2011 Van earthquake were
taken into consideration in this study. Damage
assessments regarding the buildings surveyed were
indicated. Later on, a damage assessment was
conducted on these buildings with the help of the
forms issued by AFAD. After this stage, the damage
assessment forms issued by AFAD were transferred to
the electronic database, and the damage assessments
for these buildings were conducted electronically. The
images of the masonry buildings surveyed were
transferred to the database as well. Another objective
of this study is to reveal the reasons of use and
usability of these forms issued by AFAD. The damage
grading of the masonry buildings with different
damage levels was performed in this study.

The objective of the study is to enable that the first
post-earthquake damage assessments are conducted
more rapidly, practically and scientifically with the
help of smart phones and tablets. The results achieved
will be checked by making the information transferred
to the database available to different users. These
procedures can be carried out independently of the
space. In addition, it is aimed to create a database on
earthquake damages. Such a database will help to
develop regulations regarding earthquake.
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In the first part of the study, information was given
on why damage assessment forms should be used.
Information was given on the properties of the
masonry buildings in Bitlis province. Information was
given on the damage assessment forms for the
masonry buildings that are the basis of the study. In
the next stage, structural analyses were conducted for
five different masonry buildings surveyed. Damage
grading was performed for each structure. The
damage levels were identified by giving information
on the algorithm created for the form used and
transferring all the structures surveyed into this
database.

2. PROPERTIES OF MASONRY BUILDINGS
IN THE STUDY AREA (CALISMA ALANINDAKI
YIGMA YAPILARIN OZELLIKLERI)

The emergence of masonry buildings built using
different materials backs to very old dates. Generally,
such structures on which local materials are used are
known to receive no engineering services. Masonry
buildings are built by the craftsmen and workers living
in that region. The earthquake effect behaviour of
these structures is quite low.

The affecting loads on masonry buildings are
carried by load-bearing walls. The loads are
transferred to the ground via load-bearing walls.
These wall thicknesses are significantly larger than
those of the reinforced-concrete structures. As the
wall elements will have both partition and bearing
properties, the thickness value is large. The inner and
outer walls of the building are formed by piling local
materials on top of another and by combining the same
with the help of a fastening material. Masonry
materials such as stone, adobe, brick etc. are used for
the vertical bearing elements (walls and columns) of
the masonry systems, and the dominant stress type in
the system is pressure. Even if geometry of the bearing
system is linear (e.g. pylon, arch), planar (e.g. wall)
and volumetric (e.g. vault or dome), there are
compressive forces that are transmitted in one
direction from the top to the structural bearings. As
seen, the bearing elements overlap with the
partitioning or covering elements in the masonry
systems. In masonry buildings, the compressive
strength of the materials used is high, while the tensile
strength is low. In this case, these elements that can be
exposed to large compressive forces are nondurable
against the bending and shear effects [7-11]. As a
result of instability against the shear effect, the
materials forming the wall may be subject to
segregation of various levels depending on the loading
status and the materials used. Therefore, when making

calculations for shear stresses in such structures, the
properties of the material used as fasteners and its
behaviour with the wall material should be known
well. The properties of masonry building vary
depending on these properties.

The masonry buildings in the province of Bitlis are
built from local stones obtained from stone quarries.
The local stones are used after being subjected to a
cutting operation without any machinery in the
quarries and the relevant region. Thin joint mortars are
used between the local stones. Generally, flat earth
shelters are used as roofs. Construction works are
generally carried out by local craftsmen and workers.
Mortars were used between the ashlars obtained from
the quarries located in the province of Bitlis. Wooden
ceilings are used in all houses. Earth shelters are used
as roofs. In general, wooden beams are primarily used
in the construction of these shelters. In terms of
aesthetics, timber covers are used on top surfaces of
them. The earth that will form the roof is laid on top
of this, and a material that is a mixture of ‘seh’ (local
material) and salt is laid on top of it to provide
insulation. Water canals called ‘coratan’ are used to
ensure water drainage on the earth shelters. Stones
called ‘sal’ are placed around the shelter so that the
shelter has an aesthetic appearance [12-15]. Examples
of Bitlis masonry houses are shown in Figure 1.

Figure 1. Masonry house examples in the region [13]
(Bolgedeki yigma ev érnekleri)

3. DAMAGE ASSESSMENT IN MASONRY
BUILDINGS (YIGMA YAPILARDA HASAE
DEGERLENDIRMESI)

Earthquakes  frequently  offer ascent to
extraordinary harm to life and property. In line with
this, most of the casualties are stem from the collapsed
buildings. Therefore, building damage information
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investigation is the primary errand of earthquake
damage information investigation.

After an earthquake, the damaged building data
ought to be procured conveniently, and can be used to
guide the effective implementation of the emergency
rescue, which is essential for the decrease of losses
[16-18] Seismic disaster management and mitigation
require the foundation of a viable framework (or
strategies) for evaluating spatial data and tremor peril
[19]. The most critical aspect of damage analysis is
related to the observations which are required to have
a comprehensive and accurate building inventory and
particularized damage data. It is highly possible to
confront with fragmentary and restricted or accessible
for single towns, districts or territories. Besides, the
quality of the damage data can be insufficient. [20].
The damage data information of the structures and
buildings are fundamental for search, rescue and
auxiliary for reconstruction activities in the
earthquake region. Therefore, building damage has
been ranked in the field using damage scales [21].

The post-earthquake damage assessment in any
structure is carried out to determine whether or not the
building will be used immediately or whether repair
and strengthening is required. To this end, all kinds of
information on the structure is required. This process
can be very complicated. Accurate identification of
the damage classes of the buildings will positively
affect losses of life and property in a possible second
earthquake [22].

The fact that redundant information requests in the
old forms used during the damage assessment slow
down the work teams was more evident in the 2011
Van earthquake. Having initiated a study in 2012 in
line with the requests of technical personnel at the site,
the Disaster and Emergency Management Presidency
(AFAD) issued the damage assessment forms for
reinforced-concrete and masonry buildings, which are
based on scientific data, aim to eliminate the use of
opinions and were simplified from redundant
information. In these new forms, it was aimed to
ensure that the result is evaluated on-site or during the
office work after the information on the structure is
obtained.

In this study, the damage assessment forms issued
by AFAD in order to determine the damage levels in
the masonry buildings were used [23-24]. There are
numerous masonry buildings that are widely used in
rural areas of Turkey. Therefore, the location of the
masonry buildings is very important in terms of
seismicity. Firstly, detailed information on the form

issued for the masonry buildings was provided in the
study. The post-earthquake damage assessment can be
performed systematically through these forms. After
the earthquake disaster, the damage assessment form
was used for the masonry buildings surveyed in the
study. The damage estimation flow of these forms is
specified in Figure 2. The process flow is filled
separately for each masonry building to be surveyed.

XX
Front side length (m) Xa
Backside length (m) Xb
Lx = Xa+Xb
Y-
Left front length (m) Ya
Right front length (m) Yb
Ly =Ya+Yb

N

CARRIAGE SYSTEM DAMAGE INFORMATION
Lengths of Heavy Damaged Walls [ X1; Y1;
X2; Y2)

Lengths of Medium Damaged Walls (X3; ¥3;
X4; Y4)
I=(1.25xX14X3)/Lx  11={1.25xY1+Y3)/Ly
NI=(1.25xX2+X4)/Lx  IV=(1.25x¥2+Y4)/Ly
HO= Max (V=1.2x1 + IIl ; VI=1.2xI1+1V)

RV

DAMAGE CAUSED BY BASIC GROUND
Z1=Liquefaction on the ground
Yes Z1=1.2
No 71=1.0
Z2=Depression due to ground seating
Yes Z2=1.2
No 72=1.0
Z=1.2[Z1or 72 =1.2) .0(Z1 and Z2=1.0)
T
XX
Frontside length (m) Xa
Backside length (m) Xb
Lx = Xa+Xb
Y-
Left front length (m) Ya
Right front length (m) Yb
Ly =Ya+Yb
A
XX
Frontside length (m) Xa
Backside length (m) Xb
Lx = Xa+Xb
Y-Y
Left front length (m) Ya
Rightfront length (m) Yb
Ly =Ya+Yh

Figure 2. Post-earthquake damage assessment

flowchart for masonry buildings (Yigma yapilarda deprem
sonrast hasar degerlendirme akig semast)

It is determined whether or not to use these forms
by performing damage estimation grading in the
buildings. Statistical data on the earthquake are
obtained. More effective performance of the
necessary post-earthquake planning and the vital
activities sustainment processes is directly related to
the accurate completion of these forms. The
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earthquake zones can be determined more realistically
by processing the data obtained from the damage
assessment forms onto maps [23-24].

The personnel that will fill the earthquake damage
form should be trained on how to complete the form.
As a result of this process, the field works will be
faster and more reliable. Generally, the success of data
collection significantly depends on this preparation
process. Otherwise, the field works need to be
repeated in order to collect data.

It is important to issue the information form in a
way to be evaluated by computer. Thus, a result can
be got in a short time, and depending on the damage
classes, results can be obtained in forms of graphics
by evaluating the information according to the
availability of the building and the residential areas.
Furthermore, the relations between the loss of life that
is the most important issue in the earthquake and the
damage level in buildings and the load-bearing system
can be obtained. Images of the buildings that are
subject to damage assessment are transferred to the
web base as well.

4, INVESTIGATED MASONRY BUILDINGS
(INCELENMIS YIGMA BINALAR)

On 23.10.2011, at 13:41 local time, a Mw: 7.2
earthquake occurred around the province of Van. The
earthquake was felt in the residential areas, especially
in the province of Van and Ercis district of Van, in the
Van Lake Basin, where the seismicity element is
continuously ignored. The largest losses in terms of
structural damages were suffered in Van and Ercis.
The province of Bitlis and its districts follow these
regions areas in terms of places where damages are
observed widely [25-27]. Four masonry buildings that
are located in the province of Bitlis and were subjected
to the October 23, 2011 Van earthquake were taken as
samples. The damages related to the buildings
surveyed were specified. Later on, a damage
assessment was conducted on these buildings with the
help of the forms issued by AFAD.

4.1. Building-1 (Bina-1)

The building was built of two stoires from the local
stones. The ground story is used as a shed, while the
top story is used as a residence. Houses built in this
style are widespread in the rural areas of Bitlis. In
addition to the structure, there is a porch built from
briquette made of pumice, which is widely
encountered in this region. The structure was built in
the form of a rectangular with a size of 6.20x8.20 m.
Middy mortar made of soil was used on the junctions
of walls. There is a heavy load on the structure due to

earth shelter. On the load-bearing wall placed at the
rear front of the structure, there were some
segregations larger than 2 cm and some stones were
replaced. There were some segregations larger than 2
cm on the left side of the structure and those larger
than 1 cm on the facade. The fact that fixation of the
floor and shelter to the walls is insufficient is one of
the reasons of the damage. The damages on this
building are given in Figure 3.

VSo AR

Figure. 3. Damages on masonry building-1 (1.Bina
hasarlari)

The lengths of the boundary wall of the building-1
surveyed that make the basis of the damage
assessment are given in Table 1.

Table 1. The lengths of the boundary wall of the
masonry building -1 (Yigma binamn simr duvar uzunluklar)

LENGTHS OF BOUNDARY WALLS

Length of the building’s boundary walls (excluding door-window
openings) on the floor with the largest damage (m)

X-X direction A -~
building facade and rear Y-y d':?ca'fgg#tlsldmg left and
front g
Length of 590 Length of left front 6.20
facade (m) (m)
Length of rear Length of right
front (m) 8.20 front (m) 6.20
Total net length, 14.10 Total net length, Ly 12.40
Lx (m) (m)

After the damage information of the load-bearing
system is obtained, the damage condition caused
depending on the basement ground should be
determined. The damage condition of the ground
belonging to the building-1 is specified in Table 2. No
cracks caused by ground subsidence were observed
either at the liquefaction or the plinth level in the
foundation soil of the building surveyed.
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Table 2. Ground damage status for building-1 (Bina 1
icin Zemin hasar durumu)

DAMAGES STATUS ACCORDING TO BASEMENT
GROUND CONDTION
Z2- Cracks caused by ground
subsidence on the level of plinth
level in the foundation.
No Yes No Yes
(Z=1) (Z2=1.2) (Z=1) (Z2=1.2)

Z1- Ground collapse
(liquefaction)

In the following stage, the damage conditions of the
non-structural system elements on the building are
determined. These values for building-1 were given in
Table 3. The damage information of the load-bearing
system can be calculated using the lengths of the
boundary walls obtained. The damage information of
the load-bearing system of the masonry building-1 is
calculated in Table 4.

Table 3. Status of damage for non-structural elements for building-1(Bina 1 icin yapisal olmayan elemanlarda hasar durumu)

STATUS OF DAMAGE FOR NON-STRUCTURAL ELEMENTS FOR BUILDING-1
N1 . N4 - Shear i
N2 Staircase N3 — Flue or L Additive to damage
Gamble wall damage parapet damage damage at infill (HK)
damage walls
0.025*(N1 + N2 +
YES 1; NOO YES 1; NOO YES 1; NOO YES1;NOO N3 +
N4
NO NO NO NO
N1 =0 0] N2=0 0] N3=0 0] N4=0 0 HK 00

With the help of this information obtained, damage
rating for this building performed. Damage rating for
the building-1 is shown in Table 5

4.2. Building-2 (Bina-2)

The building was built of single story from the
local stones. The building is used as residence. The
building was built in the form of a rectangular with a
size of 11.50m x 8.50m. A heavier load was created
on the building by adding a roof on the earth shelter.
There were some segregations larger than 2 cm at the
corner junction points of the rear front of the building.
The fractures and cracks in the right flank front were
measured to be larger than 1 cm. While on the left
flank front, there were fractures and cracks larger than
2cm. There are local wall damages ranging from 0.5
to 1.5cm in the middle partition walls within the
building. Images of the building and damages are
shown in Figure 4

JOmE

!__
"
\

Figure 4. Damages on masonry building-2
(2.Y1gma binadaki hasar durumu)

4.3. Building-3 (Bina-3)

The building was built of single floor from the local
stones. The building is used as residence. The building
was built in the form of a rectangular with a size of
12.00m x 8.50m. A heavier load was created on the
building by adding a roof on the earth shelter.
Damages ranging from 0.5 to 1 cm were formed on
the walls that make up the middle partitions of the
building, while there are moderate damages ranging
from 0.5 to 2 cm were formed on the outer wall.
Images of the building and damages are shown in
Figure 5.

Figure 5. Damages on masonry building-3 (3.Yigma
binadaki hasar durumu)

4.4. Building-4 (Bina-4)

The building was built of single floor from the
local stones. The building is used as residence. The
building was built in the form of a rectangular with a
size of 12.00m x 7.0 m. A heavier load was created on
the building by adding a roof on the earth shelter.
Damages ranging from 0.5 to 1 cm were formed on
the walls that make up the middle partitions of the
building, while there are trivial damages ranging from
0.5 to 1 cm were formed on the outer wall. Images of
the building and damages are shown in Figure 6.
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Table 4. Information on the damages on the load-bearing system of the building-1
(Binamn tasiyuc sistemindeki hasarlara iligkin bilgiler)

42

DAMAGE INFORMATION OF THE LOAD-BEARING SYSTEM

This will be completed on the floor, where the largest damage is observed.
For the surveyed boundary walls, the most severe damage condition among the following articles will be taken

as basis.
The corner and the The walls in
wall concurrent to the corner the middle of the fronts
X-X (m) Y-Y (m) X-X (m) Y-Y (m)
Damage
condition
observed
Segregation
of out-of-
3.1. plane
Lengths | collapsed
of the wall and
Heavily Concurrent 5.90 6.20 0 0
Damaged | walls
Walls (>20mm);
diagonal/X
cracks on
Corner/Fro
nt walls
(=10mm);
X1 =5.90 (m) Y1=6.20 (m) X2 = (m) Y2= (m)
Damage
condition
observed
Segregation
of out-of-
3.1. plane
Lengths | collapsed
of the wall and
Moderatel | Concurrent 5.90 0 0 0
y walls
Damaged | (10~20mm)
Walls :
diagonal/X
cracks on
Corner/Fro
nt walls
(5~10mm);
X3=5.90 (m) Y3= (m) X4= (m) Y4= (m)
3.3. Length Ratio of 1=(1.25xX1+X3)/ | H=(1.25xY1+Y3)/ | 111=(1.25xX2+X4)/ | IV=(1.25xY2+Y4)/
Damaged Wall Lx Ly Lx Ly
0.523 0.625 0 0
Total V=1.2xl + 111= 0.623 or VI=1.2xI1+1V=0.75

DAMAGE INFORMATION OF THE LOAD-BEARING SYSTEM

This will be completed on the floor, where the largest damage is observed.
For the surveyed boundary walls,
the most severe damage condition among the following articles will be taken as basis.

The corner and the
wall concurrent to the corner

The walls in
the middle of the fronts

X-X (m)

Y-Y (m)

X-X (m)

Y-Y (m)
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Damage

condition

observed

Segregation

of out-of-
3.1. plane
Lengths | collapsed
of the wall and
Heavily Concurrent 5.90 6.20 0 0
Damaged |walls
Walls (>20mm);

diagonal/X

cracks on

Corner/Fro

nt walls

(=10mm);

X1 =5.90 (m) Y1=6.20 (m) X2 = (m) Y2= (m)

Damage

condition

observed

Segregation

of out-of-
3.1. plane
Lengths | collapsed
of the wall and
Moderatel | Concurrent 5.90 0 0 0
y walls
Damaged | (10~20mm)
Walls :

diagonal/X

cracks on

Corner/Fro

nt walls

(5~10mm);

X3=5.90 (m) Y3= (m) X4= (m) Y4= (m)
3.3. Length Ratio of 1=(1.25xX1+X3)/ | N=(1.25xY1+Y3)/ | HI=(1.25xX2+X4)/ | IV=(1.25xY2+Y4)/
Damaged Wall Lx Ly Lx Ly
0.523 0.625 0 0

Total V=1.2xl + 111=0.623 or VI=1.2xI1+1V=0.75

Table 5. Damaged evaluation for building-1 (1.Binaya ait hasar degerlendirme)

STATUS OF DAMAGE FOR NON-STRUCTURAL ELEMENTS FOR
BUILDING-1
N1 N2 N3 N4 Additive to
. Flue or Shear
Gamble wall |  Staircase damage
damage damage parapet damage at (HK)
damage infill walls
YES 1; YES 1; YES 1, YES 1, 0.025*
NO 0 NO 0 NO 0 Nnoo | (N¥ m)* N3+
NO NO NO NO
N1 N2 N3 N4 HK 00
:0 O :O O :O :O 0
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Figure 6. Damages on masonry building-4 (4. vigma
binaya ait hasarlar)

After information on the buildings and damages to
the buildings was given, the damage assessment rating
form was completed separately for each building. The
damage rating procedure for four buildings considered

in the study is shown in Table 6. As a result of the
evaluation, two of them were determined to be
moderately damaged, one to be heavily damaged, the
other one to be slihgtly damaged. The damage
assessments will be controlled by different people
more easily with the help of these forms. The values
obtained from the surveys conducted on the site will
enable to get results in a healthy and rapid in a more
comfortable environment. Completing the damage
assessment forms properly is directly proportionate to
the trainings to be provided for the technical staff to
complete the form. The damage rating on these forms
will have a more realistic and scientific base thanks to
the trainings to be provided. These forms that used to
be complex in previous years were made more usable
following the 2011 Van earthquakes.

Table 6. Damage evaluation of investigated buildings (incelenen binalara ait hasar degerlendirme)

BUILDING NO 1 2 3 4
VALUE
o« Facade (m) 5.90 8.00 9.75 9.80
X Rear front (m) 8.20 10.60 10.80 10.50
Lx 14.10 18.60 20.55 20.30
> Left (m) 6.20 7.70 7.20 5.00
> Right (m) 6.20 8.50 7.70 6.00
Ly 12.40 16.20 14.90 11.00
X1 5.90 11.50 0 0
Y1 6.20 8.50 0 0
X2 0 0 0 0
Y2 0 4.20 0 0
X3 0 3.80 4.20 7.00
Y3 0 0 4.00 0
X4 0 0 4.20 0
Y4 0 0 3.60 38
I 0.523 0.98 0.204 0.345
I 0.625 0.66 0.268 0
1 0 0 0.204 0
v 0 0.3 0.241 0.345
\i 0.623 1.14 0.448 0345
Vil 0.75 1.09 0.562 0.345
Z1 1 1 1 1
Z2 1 1.2 1 1
N1 0 0 0 0
N2 0 0 0 0
N3 0 0 0 0
N4 0 1 0 0
HK 0 0.025 0 0
HO 0.75 1.14 0.562 0.345
THO 0.75 1.393 0.562 0.345
THO x 100 (%) 75 130 56.20 34.50
DAMAGE STATUS MEDIUM HEAVY MEDIUM SLIGHTLY
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5. WEB-BASED ASSESSMENT (WEB TABANLI
DEGERLENDIRME)

As a result of the developments in the information
technology, local governments started to collect, store
and process the positional data they use for their own
service areas in the computer environment and to
produce new information as a result of analysis. The
desire to use information technologies in evaluation
and monitoring systems is increasing day by day. It is
because the mobile devices are spread and increased
in use since they are smaller, are able to work as
wireless and have high memory capacity. These
elements require mobile devices to be used in many
areas such as environmental control, monitoring of
health services and security, transportation and
automation[28-39].

Structural control has a wide area that combining
automatic control and structural engineering areas
using a variety of applications from aerospace and
mechanical engineering to infrastructure systems such
as building. Technological developments in seismic
instrumentation enable the application of digital
communication and computer technologies, real-time
early warning and rapid damage assessment systems
[40-41]. The form, which was formed after a natural
disaster in masonry buildings, was turned into an
internet form and transferred to the digital media so
that it can be evaluated more rapidly.

A web page was created and each field of the form
on this page was associated with a database so that the
form can work effectively. In this way, it became
possible to make an analysis and assessment for the
data entered. It was enabled to create plenty of
statistical information by forming a wide database.
The web-based post-disaster rapid assessment
application developed for the masonry buildings
consists of a user interface and a database to which
this interface is associated. The interface program was
developed in php language, while MySQL language
was used for the database. Web-based software is
expected to have a flexible, rapid and reliable
structure. This type of software should provide the
user with ease of programming as well as a flexible
and secure structure. These properties specified can be
realized effectively using php-based MySQL
database.

For the web-based software, a restriction process
is also performed for the data entered by the user. In
this case and in the event that the user enters incorrect
or inadequate data, the system automatically sends a
warning message to the user. The most accurate result

is achieved with mathematical and logical expressions
created in background by entering the data
successfully into the rapid assessment form and the
coding created, and these values are automatically
registered The association belonging to the
assessment form used in the database registration
process is presented in Figure 7. The flow diagram of
the software is presented in Appendix-1.

Enviromental
‘Wall Lenghts

Earthquake
Post-Diasster
Damage
Assestment for
Masonary
Structuure

Assesment of
Damage to
Carrier System

Elements

Damage Status
Due to Basic
Ground

Damage Status
of Non-Carrier

System
Elements

Figure 7. Database evaluation form-data relationship
(Veri tabani degerlendirme form-veri iligkisi)

Each building was assigned a value called
“Building ID” so that the database registration process
can be realized any desired data can be obtained from
the database. This is a value belonging to the
registered building, and in this way, it was prevented
to register another structure with the same value. In
addition, each building entered was given a sequence
number. The data-interface-database association of
the developed web-based software is presented in
Figure 8.

Figure 8. Algorithm of software system operation
(Yazilim gelistirme algoritmast)

A site with the address smarthomes.com, which is
associated with php-based and MySQL database, was
created in order to assess and determine the post-
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earthquake damages for the masonry buildings. The
post-earthquake assessment of the wooden buildings
is carried out on the site, and each building is assessed
according to its ID number. The data entered for the
building are assessed in two different situations.
Firstly, in case of any collapse in the building, the data
of the building are registered in the database, and the
registration is performed writing “COLLAPSED” in
the conclusion section in the database, without any
need for data entry. The image for this case is
presented in Figures 9 and 10. In Figure 10, the
employee logging in to enter the site is asked “Is there
any collapse?” If the answer is affirmative, the process
is completed by entering data into the fields indicated
in Figure 10. At the end of this process, the
information that a building collapsed is registered.

Earthquake Damage Assessment Form for Masonry Buildings

[5 there collapse m butlding ? Yes | No

No  Building ID Damage Rate % Result

1 e 4] MEDIUM DAMAGE X

1 g 0 COLLAPSE X
Tncelenen Yap: 2

HEAVYDAMAGE ~ MEDIUMDAMAGE  LIGHT DAMAGE NODAMAGE COLLAPSE
0 1 0 0 1

Figure 9. Home page for damage assessment (Hasar
degerlendirme ana sayfa)

www.smarthomescada.com/mp/yapibilg

Building [nformations

Buildme [D
Distrct Detect
axesument
Street | Avetme Ivestor
Building Door Stary
No Information
Usage of
bilie Total Stories
Builtyear BIBS Tas v

SNVE

Figure 10. Data entry for collapse (Cokme veri girisi)

The other situation is that there is some collapse in
the building. When the question “Is there any
collapse?” in Figure 9 is answered negatively, the
form indicated in Figure 11 is opened. In case of data
entry to the required fields in Figure 11 and upon the
completion of the registration process of these data,
the collapse condition is formed by the program and
the database registration process is completed.
Depending on the calculated data, it is assessed as
heavy damage, moderate damage, slightly damage, no

damage or collapse and subjected to assessment as
statistical data.

Stery Tnformation

Total Stories
Builtyexr BIBS T v

Gevre Duvar Uzomluklars
Ex bk hasarn oldug kata bina pecre dirvarlarmm ¢

O cephe uzunlugu (m) Sol cephe uzun] )
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Tayes Sistem Hasar Bilgiler
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XeX(m)
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NO W ND v NOv ND W
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Figure 11. Data entry screen in case of non-collapse
(Cokmeme durumu igin veri girisi)

As shown in Figure 11, there is information on the
process result of the buildings, of which database
registration process was completed by the user. In
addition, the statistical information is presented in the
same field depending on the damage status of the
wooden buildings entered. As the employees carrying
out different surveys use the same database, it
prevents assessment of a building by different people
and enables the process to be assessed more rapidly
and transparently. As the developed web page has a
structure that can be used not just for one region or
one person but by everyone and for each region, it is
expected that the number of users will increase on a
global scale. The result screen of earthquake damage
evaluation is presented in Figure 12.

da.com/m6
Farthquake Damage Assessment Form for Masonry Buildings

Is there collapse ia building 2 Yes | No

No Building ID Damage Rate % Result
a 75 MEDIUM DAMAGE X
2 q 0 COLLAPSE X

incelenen Yaps: 2

HEAVY DAMAGE  MEDIUMDAMAGE  LIGHT DAMAGE NO DAMAGE COLLAPSE
0 1 o 0 1

Fig. 12. Result screen of earthquake damage

evaluation for masonry buildings (vigma yapilarn igin
hasar degerlendirme sonug ekrani)
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6. RESULTS (SONUCLAR)

The persons that will complete the earthquake
damage form should be trained on how to complete
the form. As a result of this process, the field works
will be faster and more reliable. Generally, the success
of data collection significantly depends on this
preparation process. Otherwise, the field works need
to be repeated in order to collect data.

It is important to issue the information form in a
way to be evaluated by computer. Thus, a result can
be got in a short time, and depending on the damage
level, results can be obtained in forms of graphics by
evaluating the information according to the
availability of the building and the residential areas.
Furthermore, the relations between the loss of life that
is the most important issue in the earthquake and the
damage level in buildings and the load-bearing system
can be obtained. These forms issued by AFAD created
a scientific basis for the assessment of damages
emerging on buildings.

In this study, four masonry buildings were selected
in order to reveal the effects of the damages caused by
the Van earthquake in the province of Bitlis. The
damage assessment forms were completed separately
for each building, and the damage levels were
determined. This study has an important place in terms
of revealing the importance of masonry buildings,
which are widely used in rural areas of Anatolia.

This study provides information on the
construction techniques of masonry buildings in
Bitlis. In this context, horizontal beams should be used
to ensure the connection between the walls in the
construction of earth shelters used on these houses.
Heavy loads caused by earth shelters increase the
damages in the structure.

In this context, the design principles of the
masonry buildings included in the Turkish Building
Earthquake Code should be considered. In addition,
the project design process for such structures should
be placed on a legal basis. It should be a legal
obligation that such structures are provided
engineering services. Thus, damages and losses that
may occur in the buildings with engineering services
will be kept at lower levels.

In addition, it will make sense to develop
province-based standard masonry building projects
for each province. Construction technology and local
materials may vary in each province. It will be an
important move to minimize wall damages to select

accurately the joining tools to be used especially on
the walls.

The damage assessment processes of masonry
buildings, which were exposed to earthquake effect
and constitute a large part of the buildings in rural
areas, were transferred to the electronic media, and
damage grading was carried out electronically. With
the help of this environment created, information that
need to be received or required from different
institutions was gathered via internet in MYSQL
database operating very rapidly.

Besides creating a database for the masonry
buildings, the earthquake-exposed masonry buildings
will be transferred to the database thanks to this study.
Thanks to the information obtained, the earthquake
zones will be determined more realistically as well as
and it will enable to develop construction principles
related to masonry buildings. Such studies can be used
as a supporting tool for the post-earthquake decision
makers. Rapid and practical solutions are required to
sustain the post-earthquake social life. This study will
be very efficient in meeting this kind of deficit.

In this study, local administrations and the relevant
public institutions and organizations will be able to
directly access the earthquake-exposed building stock
and data, and if they desire, will ensure use of these
data in the electronic media. Damage assessment in
buildings, classification of the same and decision
making process for use will be performed in a
controlled manner thanks to the post-earthquake data
related to the buildings.

In the system installed, all data can be defined,
stored, processed and analysed as associated in an
efficient and detailed way in a single database. In this
way, time and finance can be saved in the decision
making and implementation processes, and an
institutional resource planning infrastructure can be
formed. Thanks to the method used in the study, a
knowledge-based management process with a
consistent structure information system infrastructure
and a knowledge-based strategic plan can be used
effectively. In addition, it will be possible to access
the data of the earthquake-exposed building stock as
independently of the space. This study can be
expanded with new modules. Its sustainability can be
ensured easily.

The fact that the earthquake-exposed building
stock is large results in that evaluations related to such
buildings are not very realistic due to lack of time and
technical staff. Rapid damage assessment methods are

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2017 Gazi Akademik Yayimcilik
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required so that these evaluations provide
scientifically healthy results. Pursuant to this
requirement, AFAD developed the damage
assessment forms. It is possible to identify some
parameters that will affect the behaviour of the
building during the earthquake without getting into
the building, and in part, within the building. The
damage levels of the buildings are identified by this
calculation.
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Alinma: 19.03.2021 Aliiminyum alagimlarinin ¢eliklere oranla daha diisiik yogunluga sahip olmasi ile birlikte

Kabul: 21.04.2021 alagimlandirma gibi islemler ile geliklere yakin dayanima sahip olmalar1 sayesinde, havacilik

sanayi basta olmak iizere pek ¢ok alanda yaygin olarak kullanilmaktadir. Fakat bu 6nemli
Anahtar Kelimeler: avantajinin yaninda isleme zorluklarmln olmast aliiminyum alasimlarmin islenmesinde ba.z1
Cok Kristalli Elmas ’ s_prunlar dogurmustur. Siirekli talag olusumu ve yigmt1 talag bu sorunlarin baginda gelmektedir.
(CKE), Talas Kirici, Ozellikle siirekli talag olusumu neticesinde malzemeye sarilan talasin yeniden kesilmesi ile birlikte
AAG082, Tornalama kesme kuvvetlerin arttig1 bilinmektedir. Bu ¢aligmada siirekli talas olusumu engellemek amaciyla
talas kirici formu uygulanmisg ¢ok kristalli elmas takimlar ile AA 6082 T4 alagiminin
tornalamasinda meydana gelen kesme kuvvetleri aragtirilmistir. Calismada lazer bileme
yontemiyle farkli talag kirici formlart olusturulmus ¢ok kristalli elmas (CKE) takimlar ve talasg
kiricisiz CKE takimlar kullanilmigtir. Takimlarin ug yarigaplari 0.4 ve 0.8 mm’dir. Kesme
parametreleri olarak 0.14 mm/dev sabit ilerleme miktari, iki farkli kesme hizi (200 ve 400 m/dak)
ve alt1 farkli kesme derinligi (0.02, 0.06, 0.1, 0.14, 0.20 ve 0.26 mm) belirlenmistir. Calisma
neticesinde en diisiik kesme kuvvetleri degerlerine talas kiricili takimlar ile yapilan deneylerde
ulagildig1 goriilmiistiir.
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Investigation of the Effects of Chip Breaker Forms Applied to
Polycrystalline Diamond (PCD) Tools on Cutting Forces in Turning AA-
6082 T4 Alloy

ARTICLE ABSTRACT

INFO

Received: 19.03.2021 Aluminum alloys have lower density compared to steels, and their strength close to steels through
Accepted: 21.04.2021 processes such as alloying has enabled them to be widely used in many areas, especially in the

aviation industry. However, besides this important advantage, machining difficulties have created
some problems in the processing of aluminum alloys. Continuous chip formation and built up edge

E;{,‘_’g;gtsé”ine (BUE)_ are the main problems. Itis knqwn that the cutting f_orces incr_ease With_ the re-Cl_Jtting of
Diamond (PCD), Chip the chips that are wrapped in the material as a result of continuous chip formation. In this study,
Breaker, AAG082, the cutting forces occurring during turning of AA 6082 T4 alloy with polycrystalline diamond
Turning tools applied in chip breaker form to prevent continuous chip formation were investigated. In the

study, different chip breaker forms were formed by laser sharpening PCD tools and PCD tools
without breakers were used. Cutting tools have two differents tip radius (0.4 and 0.8 mm). As
cutting parameters, 0.14 mm/rev constant feed rate, two different cutting speeds (200 and 400
m/min) and six different cutting depths (0.02, 0.06, 0.1, 0.14, 0.20 and 0.26 mm) were determined.
As a result of the study, it was seen that the lowest cutting force values were reached in the
experiments with the breaker tools.

*Sorumlu yazar: syagmur@gazi.edu.tr

To cite this article: S. Yagmur, M. K. Kaya and U. Seker, “Investigation of the Effects of Chip Breaker Forms Applied to
Polycrystalline Diamond (PCD) Tools on Cutting Forces in Turning AA-6082 T4 Alloy”, Gazi Journal of Engineering
Sciences, vol.7, no.1, pp. 51-57, 2021. doi:10.30855/gmbd.202.01.06


mailto:syagmur@gazi.edu.tr
https://orcid.org/0000-0001-8566-3433

52

Yagmur, Kaya, Seker / Gazi Miihendislik Bilimleri Dergisi 7 (1). (2021) 51-57

https://dx.doi.org/10.30855/gmbd.2021.01.06

1. GIRIS (INTRODUCTION)

Hafif metaller, Ozellikle aliiminyum ve
magnezyum alasimlart yiiksek mukavemet, diisiik
yogunluk ve kolay iiretim gibi 6zelliklerinden dolay1
elektronik, genel miihendislik ve havacilik
endiistrilerinde  kullanilmaktadir  [1].  Bir¢ok
aliminyum alasimi, yiiksek kesme hizlarinda
islendiginde, iyi yiizey kalitesi ve uzun takim omrii
saglamaktadir.  Genellikle, sertlestirilmis  ve
temperlenmig alagimlar tavlanmig alagimlardan daha
kolay islenir ve daha iyi kalitede yiizey meydana
getirirler. Silisyum igeren alasimlar1 islemek daha
zordur, bunun sebebi talag kaymadan yirtilir ve
bundan dolay1 diisiik yiizey kalitesi elde edilir [2].
Aliiminyum alasimlarmin endiistride yaygin olarak
kullanilmastyla beraber bu alasimlarin islenmesinde
yasanan sorunlar ortaya g¢ikmaya baslamistir. Bu
sorunlar neticesinde arastirmacilarin aliiminyumun
islenebilirligi ile 1ilgili ¢aligmalarma literatiirde
siklikla rastlamak miimkiin olmustur. Agustina ve
arkadaglar1 UNS A9707 aliiminyum alagiminin kuru
tornalamasinda meydana gelen kesme kuvvetlerini
incelemistir. Caligma sonrasinda en etkili faktorlerin
sirastyla ilerleme miktari, kesme derinligi, kesici
takim tipi ve devir sayist oldugu sonucuna
ulagmislardir [3]. Sekmen ve arkadaglar1 kesme hizi
ve talag acistin  aliminyum  alasimlarinin
islenmesinde yilizey pirizIiligi, yiginti talag
olusumu tizerine etkisini arastirmiglardir. Calisma
sonrasinda AA 7075 alasiminda, AA 2011 alasimina
gore daha fazla yiginti katman ve Yiginti talag
olustugu sonucuna ulasmiglaridir [4]. Bayraktar ve

Turgut  caligmalarinda  AL-5083 alagiminin
frezelenmesinde kesme kuvveti, ylizey piiriizliligi ve
capak yiiksekliginin optimizasyonunu

arastirmislardir. Caligmada ilerleme parametresinin,
kesme kuvveti, ylizey pirizliligii ve c¢apak
yiiksekligi tizerinde en etkili faktér oldugu sonucuna
ulagsmiglardir [5]. Akyiiz ve Senaysoy aliiminyum
alagimlarinda yaslandirma igleminin islenebilirlik
iizerindeki etkilerini arastirmiglardir.  Yaglandirma
stiresinin artmasina bagli olarak alagimlarin islenmesi
sirasinda olusan kesme kuvvetlerinde artig gortildiigii
sonucuna ulagsmiglardir [6]. Bu ¢aligmalar ile birlikte
optimisazyon ve modelleme gibi c¢alismalara da
literatiirde rastlamak miimkiindiir [7-12]. Ayrica farkli
sogutma  sartlarinin  aliminyum  alasimlarinin
islenebilirligine etkileri de literatiirde goriilebilmekte.
Cakir ve arkadaglari sogutma sartlart ve kesme
parametrelerinin AA7075 ve AA2024 aliiminyum
alasimlarinin  delinmesindeki etkilerini deneysel
olarak incelemislerdir. Artan ilerleme oranlarinin

ilerleme kuvvetlerini arttirdig1 sonucuna ulagmiglardir
[13]. Cakir ve arkadaslar1 AA7075 ve AA2024
aliminyum alasimlarinin tornalanmasinda farkli
parametreler altinda minimum miktarda yaglamanin
etkisini deneysel olarak incelemislerdir. Deneyler
sonrasinda MQL kullaniminin islenebilirlik ag¢isindan
olumlu bir etki yaptig1 sonucuna varmislardir [14].
Conger ve arkadaglar1 aliiminyum 6061 malzemenin
MQL yontemi ile frezelenmesinde Nano MoS2 katkili
kesme sivist kullaniminin kesme kuvvetleri ve yilizey
puriizliligiine  etkilerini  incelemisgler. Calisma
sonucunda, MQL yonteminde yiiksek debide nano
akigkanin kesme kuvvetlerini ve ylizey piiriizliliiglini
olumlu etkiledigi sonucuna ulagmslardir [15].

Yapilan literatiir aragtirmasi neticesinde, AA 6082
T4 sl iglemi uygulanmis malzeme ile ilgili
calismalarin sayis1 olduk¢a az oldugu gorilmistiir.
Ayrica Imalat sektoriinde CKE takimlara talas kirici
uygulanmast yeni bir uygulama olup talas kiricili
CKE takim ile isleme konusunda ise daha oOnce
yapilmis olan herhangi bir ¢alismaya rastlanmamustir.
Bu calismada CKE kesici takimlara uygulanan talas
kiricilarin kesme kuvvetlerine etkisi AA 6082 T4
malzeme iizerinde yapilan deneylerle birlikte
incelenmistir.

2. MATERYAL VE METOD (MATERIAL AND
METHOD)

Bu ¢alismada deney malzemesi olarak AA 6082 T4
alagimi kullanilmigtir. Numuneler 100 mm ¢apinda
170 mm boyunda hazirlanmustir.

Islenebilirlik  deneylerinde kullanilan  kesici
takimlar DTS GmbH (Almanya) takim firmasi
tarafindan lazer bileme yontemiyle farkli talag kirici
geometrilerine sahip olarak iretilmistir. Kesici
takimlarin  goriintiileri Tablo 1°de toplu halde
verilmistir. Ug yarigapt 0.4 mm olan talag kiricili ve
talag kiricisiz takimlar 308 FN, 304 SPL-P, 304 SPL-
N olarak 0.8 mm ug yarigapl talag kiricili ve talas
kiricisiz takimlar ise 308 FN, 308 SPL- P, 308 SPL-
N seklinde kodlanmistir. FN kodlu takimlar talas
kiricisiz takimlart ifade ederken SPL-P ve SPL-N
kodlu takimlar ise talas kiricili takimlari ifade
etmektedir.

Kesme parametreleri, takim iiretici firmanin (DTS
GmbH) oOnerdigi degerler esas alinarak o&zellikle
belirlenmistir. Kesme derinlikleri kesici takim ug
yarigaplarindan diigiik olarak segilmigtir. Bu durum
kesici takim {iretici firmasmin istegi dogrultusunda
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gerceklesmistir.  Calismada  kullanilan  kesme
parametreleri Tablo 2’de verilmistir.
Islenebilirlik deneyleri Gazi Universitesi Teknoloji
Fakiiltesi ~ Imalat  Miihendisligi ~ Boliimiinde
yapilmustir. Deneylerde, “Johnford TC-35” sanayi tipi

CNC torna tezgdht  kullanmilmistir.  Kesme
kuvvetlerinin ~ Ol¢iimii  i¢gin KISTLER 9257
dinamometre ve Kistler Type 5070 yiikseltici
kullanilmastir.

Tablo 1. Deneylerde kullanilan kesici takimlar (Cutting tools used in the experiments)

- S -

304 308

FN (Kiricisiz)

SPL-P

SPL-N

Tablo 2. Deneylerde kullanilan kesme parametreleri (Cutting parameters used in the experiments)

Ilerleme Miktar1 (mm/dev)

Kesme Hizi1 (m/dak)

Talag Derinligi (mm)

0.14

0.02
0.06
0.10
0.14
0.20
0.26

200

400

3. DENEY SONUCLARI VE TARTISMA
(EXPERIMENTAL RESULTS AND DISCUSSION)

Deneyler sonrasinda elde edilen kesme kuvvetleri
degerlerinin 0,4 mm kesici takim ug yaricapina sahip
(304) takimlar ile yapilan deneylerde kesme
derinligine gore degisimini gosteren grafik Sekil 1°de
verilmigtir.

Sekil la’daki grafikte, 200 m/dak sabit kesme
hizinda 0.4 mm kesici takim ug¢ yarigapina sahip
takimlarda genel olarak en yiiksek kesme
kuvvetlerinin talas kiricisiz takimlarla yapilan
deneylerde elde edildigi goriillmektedir. Bununla

birlikte en diisiik kesme kuvvetlerinin ise talas kiric
formuna sahip SPL-N kodlu takimlarla yapilan
deneylerde elde edildigi sonucuna ulasilmistir.

Istisnalar haricinde kesme derinliginin artmasi
sonucunda kesme kuvvetleri de artmistir [16]. Kesme
derinliginin artmas1 kesilen talag hacminin artmasina
sebep oldugundan kesme kuvvetlerini de arttirmustir.
Ayrica artan kesme derinligi ile birlikte talas kiricili
takimlar ile elde edilen kesme kuvvetlerinin talas
kiricisiz takimlarla elde edilen degerlere yaklastigi
goriilmektedir. Sekil 2’de wverilen talag resimleri
incelendiginde artan kesme derinligi neticesinde talag
kiric1 formuna sahip SPL-P kodlu takimda talaslarin
kirillamadigr  gozlenmistir. Talag  bi¢imlerinden
goriilecegi gibi, artan kesme derinlikleri ile
kirllamayan talag deney numunesine sarilma egilimi
gdstermis ve bu da talagin yeniden kesilmesine sebep
olarak kesme kuvvetlerinin artmasma yol agmustir.
Kesici takimlara uygulanan talag kirici formlarimin
kesme kuvvetlerini olumlu yonde etkiledigi
literatiirde karsilagilan bir durumdur [17-19]. Talas
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kiricisiz takimlar ile yapilan deneylerde meydana
gelen talag bigimleri Sekil 3’te verilmistir.

svenenses 304 FN(KIrKsiz) — - = 304 SPL-P —— — 304 SPL-N
100
= 188 Z, 90 .
= < 80 5
o 80 S 5 70 /
£ 70 e £ 60 . ot
= 60 i, Z 50 e T
M 50 — e S 1 —_—
P . e ' o 40 . —
L2 40 e = 30 —_——
5 30 e 2 2
5 20 - 210
= 10 0
0.02 0.06 0.1 0.14 0.2 0.26 0.02 0.06 0.1 0.14 0.2 0.26
Kesme Derinligi (mm) Kesme Derinligi (mm)
a) b)

Sekil 1. 0.4 mm kesici takim ug yaricapinda talas derinligine bagli ilerleme kuvveti degisimi a) 200 m/dak
b) 400 m/dak (Cutting force variation depending on depth of cut at 0.4 mm cutting tool radius a) 200 m/min b) 400 m/min)

(a) (b) (c)

(d) (e) o

Sekil 2. 200 m/dak kesme hizinda SPL-P kodlu talas kiricili takimda kesme derinligine gore olusan talas
bigimleri a) 0.02 mm b)0.06 mm ¢)0.1mm d)0.14mm e¢)0.2mm f)0.26 mm (Chip formations according
to cutting depth in SPL-P coded with chip breaker tool at 200 m/min cutting)

(d) (e 0

Sekil 3. 200 m/dak kesme hizinda FN kodlu talas kiricisiz takimda kesme derinligine gore olusan talas

bigimleri a) 0.02 mm b)0.06 mm ¢)0.lmm d)0.14mm e¢)0.2mm f)0.26 mm (Chip formations according
to cutting depth in FN coded without chip breaker tool at 200 m/min cutting)
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Kesme hizinin 200 m/dak’dan 400 m/dak’a
cikmasi genel olarak kesme kuvvetlerinde diistise
sebep olmustur (Sekil 1b). Artan kesme hizlarinda
kesme kuvvetlerindeki diisiis beklenen bir durumdur
ve bu durum literatiiratiirle benzerlik arz etmektedir.
[20-22]. Artan kesme hizlarinin kesme bolgesindeki
sicakligint  arttirdigr  bilinmektedir [23]. Kesme
bolgesindeki sicakligin artmasi, kesme islemini
nispeten kolaylastirdigi ve kesme kuvvetlerinin
diismesine yol actig1 diisiniilmektedir. Artan kesme
hizlar1 ile birlikte kesme kuvvetlerinin diismesi
literatiirde karsilasilan bir durumdur [24-26]. Fakat
talas kiricisiz takimda 0.26 mm kesme derinliginde
200 m/dak kesme hizina gore kesme kuvvetlerinde bir
artis gdzlemlenmistir. Bu durum artan kesme derinligi
neticesinde talasin kirilmayarak yeniden kesilmesine
atfedilmistir (Sekil 3).

0.8 mm u¢ yarigapina sahip kesici takimlarla
yapilan deneylerde elde edilen kesme kuvvetleri
incelendiginde; genel egilimin 0.4 ug yari¢apina sahip
kesicilerdeki gibi oldugu goriilmektedir.

Sekil 4a’daki grafikte 0.8 mm ug yarigapina sahip
kesici takimlarda (308) meydana gelen kesme
kuvvetlerinin 200 m/dak kesme hizinda kesme
derinligine bagl olarak degisimi verilmigtir. Grafikte,
artan kesme derinliklerinin kesme kuvvetlerini
arttirdigt goriilmektedir. Bu durum 0.4 mm ug
yarigapina sahip takimlarda oldugu gibi kirilamayan
talaslarin yeniden kesilmesine atfedilmistir. Grafikte,
talag kiricisiz takim ve SPL-N kodlu talag kirici
formuna sahip takimlar1 ile elde edilen kesme
kuvvetleri degerlerinin birbirine oldukga yakin oldugu
goriilmektedir. Her ne kadar bu iki takim arasindaki
fark oldukga kiigiik olsa da 0.4 mm kesici takim ug

=+ 304 FN (Kincsiz)

=100
§ 90
o 80
5 70
To60 o iesere s SPPTTTTTTN
% 50 ——
% 40 s - "‘_ ———
- 30 — —
_g 20

10

0.02 0.06 0.1 0.14 0.2 0.26
Kesme Derinligi (mm)
a)

yarigapina sahip takimlarda oldugu gibi en diisiik
kesme kuvvetlerinin talas kiricisiz takimlar ile yapilan
deneylerde elde edildigi gorilmektedir. SPL-P kodlu
talas kirici formuna sahip takimlar ile yapilan
deneylerde elde edilen degerlerin diger iki takima
oranla olduk¢a diisiik gerceklestigi grafikten
goriilebilecegi (Sekil 4a) gibi 0.26 mm kesme
derinliginde bu ii¢ takimla elde edilen degerlerin
birbirine oldukga yaklagmaktadir.

Benzer bir durum Sekil 4b’de verilen grafikte de
mevcuttur. Grafikte 400 m/dak kesme hizinda 0.8 ug
yarigapina sahip kesiciler ile yapilan deneylerde
kesme kuvveti degisimi gosterilmistir.

Ozelikle diisik kesme derinliklerinde, ug
yarigapinin artmast, kesme kuvvetlerinde artisa sebep
olomugtur. Bu durum 400 m/dak kesme hizinda daha
belirgin olarak meydana gelmistir. Takim ug yarigapi
ile birlikte kesme kuvvetlerinin artmasi literatiirde
karsilagilan bir durumdur [27, 28]. Kesici takimda
olusan bileske kuvvetin, talas yilizeyinde olusan kesme
kuvveti ile kesici takim ug yarigap1 etkisiyle olusan
kuvvetin bileskesi oldugundan ug yarigapinin artmasi
kuvvetleri de arttirmistir. [29]. 400 m/dak kesme
hizinda 0.4 ug yari¢apina sahip takimlarda oldugu gibi
en diisiikk kesme kuvvetlerinin talas kiricisiz takimlar
ile yapilan deneylerde elde edildigi goriilmektedir.
SPL-P kodlu talas kirict formuna sahip takimlar ile
yapilan deneylerde, 0.02 mm ve 0.06 mm kesme
derinliklerinde elde edilen kuvvet degerleri diger iki
takima gore daha diisiik gergeklesmistir. Grafikten
goriilebilecegi gibi (Sekil 4b) 0.1mm kesme
derinliginden sonra kuvvetlerde artis baglamis ve 0.26
mm kesme derinliginde her ii¢ takimla elde edilen
kuvvet degerleri birbirine olduk¢a yaklagsmustir.

304 SPL-P =— = 304 5PL-N

ITlerleme Kuvveti (N)
2

0.06 0.1 0.14 0.2 0.26

Kesme Derinligi (mm)

b

Sekil 4. 0.8 mm kesici takim ug yarigapinda talas derinligine bagl ilerleme kuvveti degisimi a) 200 m/dak
b) 400 m/dak (Cutting force variation depending on depth of cut at 0.8 mm cutting tool radius a) 200 m/min b) 400 m/min)

Talas kiricisiz takimlar ile yapilan deneylerde,
artan kesme derinliklerinin her iki ug yarigapina sahip
kesici takimlarda kesme kuvvetlerini arttirdig
goriilmektedir. Talas derinligi u¢ yarigap: iliskisi
neticesinde en diisik kesme kuvvetleri 0.8 mm ug

yaricapina sahip takimlarla yapilan deneylerde
meydana gelmistir. Her ne kadar talas kiric1 formlar
beklenen sonucu vermese de en diisik kesme
kuvvetleri talas kiricih SPL-N, SPL-P  kodlu
takimlarda  goOriilmiistir. En  yiiksek  kesme
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kuvvetlerinin ise kiricisiz FN kodlu takimda meydana
gelmesi, talas kirict formlarinin kesme kuvvetlerini
olumlu etkiledigini gostermektedir.

4. SONUCLAR (RESULTS)

Bu calismada AA 6082 T4 malzemesinin talas
kiric1 formuna sahip olan ve talas kirict formuna sahip
olmayan takimlar ile tornalanmasi sonucunda
asagidaki bulgulara ulagilmistir.

e istisnalar haricinde genel olarak biitiin
takimlarda kesme derinliginin artmasi sonucunda
kesme kuvvetleri de artmustir.

e En diisiik kesme kuvveti 0.4 ug¢ yarigapina
sahip SPL-N kodlu takimda 400 m/dak kesme
hizinda 0.26 mm kesme derinliginde meydana
gelmistir.

e En yiiksek kesme kuvveti 304 FN kodlu
(talag kiricisiz) 0.4 mm ug¢ yaricapmna sahip
takimda 400 m/dak kesme hizinda 0.26 mm kesme
derinliginde meydana gelmistir.

e Artan kesme hizlarinin literatiire paralel bir
sekilde kesme kuvvetlerinde diisiise yol agtigi
gozlemlenmistir.

e Talag talas kiricili ve talas kiricisiz
takimlarda kesme derinligi arttikca kesme
kuvvetleri degerleri birbirine yaklagmistir.

o Talas kiric1 formuna sahip takimlarla yapilan
deneylerde meydana gelen kesme kuvvetlerinin
daha diizenli bir egilim sergiledigi goriilmiistiir.
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Bu calisma ii¢ asamadan olusmaktadir. Ilk asamada vermiikiiler grafitli dokme demir
numunelerine farkli dstemperleme islemi uygulayarak ii¢ farkli sertlikte (42.77, 44.07 ve 45.6
HRC ) malzemeler elde edilmistir. Tkinci agamada frezeleme deneyleri yiiksek ilerleme miktar:
(High-Feed) (0.6-0.9 ve 1.2 mm/dak) degerlerinde, ii¢ farkli kesme hizinda (50-70 ve 98 m/dak)
ve 0.5 mm kesme derinliginde gerceklestirilerek bileske kuvvet (Fr) ve ortalama yiizey
plriizliliigi (Ra) degerleri 6l¢iilmiistiir. Deneyler sonucunda Ra degeri 0.461 pm ile 4.635 pm
degerleri arasinda degisirken, Fr degerleri 1310 N ile 2563 N arasinda olugmustur. Son asamada
ise elde edilen Fr ve Ra degerleri kullanilarak Yapay Sinir Aglar1 (YSA) yontemiyle matematiksel
model gelistirilmistir. Elde edilen model sonucu tahmin edilen degerler ile deney sonuglar
arasinda uyum oldugu goriilmiistiir.
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This study consists of three stages. In the first stage, materials of three different hardness (42.77,
44.07 and 45.6 HRC) were obtained by applying different austempering process to cast iron
samples with vermicular graphite. In the second stage, milling experiments are performed at high
feed rate (0.6-0.9 and 1.2 mm/rev), three different cutting speeds (50-70 and 98 m/min) and 0.5
mm cutting depth, and the resultant force (Fr) and average Surface roughness (Ra) values were
obtained. As a result of the experiments, Ra value varied between 0.461 pm and 4.635 pm, while
Fr values were between 1310 N and 2563 N. In the last stage, a mathematical equation was
developed by using the Artificial Neural Networks (ANN) method using the obtained Fr and Ra
values. As a result of the obtained equation, it was observed that there was a harmony between the
estimated values and the experimental results.
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1. GIRIS (INTRODUCTION)

Vermikiiler grafitli dokme demir, hem gri dokme
demirin hem de sfero dokme demirin miikemmel
ozelliklerine sahiptir. Cekme mukavemeti gri dokme
demir ve sfero dokme demir arasindadir ve dokiim
ozellikleri, titresim emilimi ve 1si1l iletkenligi sfero
dokme demirininkinden daha yiiksektir [1]. Tim bu
faktorlerden dolayr vermikiiler grafit dokme demir,
bliyik gelisme potansiyeline sahip, otomobil
endiistrisinde ideal bir tretim malzemesi haline
gelmistir; yaygin olarak otomobil egzoz borularinda,
silindir gomleklerinde ve diger otomobil pargalarinda
kullanilmaktadir [2-3]. Vermikiiler grafit dokme
demirin daha yiiksek ¢ekme mukavemetine ve
sertligine sahip olmasi motorun agirligini azaltir,
deformasyon direncini arttirir, bdylece segman
gerilimi ve siirtiinme kaybini azaltilmasina yardime1
olmaktadir [4]. Ancak vermikiiler grafitli dokme
demirin diisiik termal iletkenlige sahip olmasi bu
malzemenin iglenebilirligini zorlagtirmaktadir [5]. Bu
malzemenin mekanik 6zeliklerinin (¢ekme dayanimi,
akma dayanimi ve yorulma dayanimi, sertlik vb.) ve
islenebilirliginin iyilestirilmesi i¢in Ostemperleme
islemleri uygulanmaktadir [6].

Ostemperleme islemlerinde sicaklik ve siire mikro
yapiy1 dolayisi ile de mekanik 6zellikleri etkileyen en
onemli faktorlerdir. Ostemperleme sicakligi yiiksek
secilirse  (350-400 °C), mikro yapidaki yiiksek
karbonlu 6stenit miktar: artar bu da yiiksek siineklik
ve kirtlma tokluguna, nispeten daha diisiik sertlik ve
dayanimin ortaya ¢ikmasini saglamaktadir. Bununla
birlikte daha diisiik 6stemperleme sicakligi (<350 °C)
secilirse, yiiksek dayanim, yiiksek sertlik ve aginma
direnci fakat diistik kirtlma toklugu
gozlemlenmektedir. Ostemperleme siiresi yiiksek
olursa, sert ve kirilgan karbiir parcaciklari siinekligi ve
kirilma toklugunu 6nemli 6lgiide azaltmaktadir [7].

Frezeleme islemlerinde &zellikle, takim salgisi,
kesme kuvvetlerinin [8] neden oldugu takim
sapmalart veya titresimleri [9] gibi g¢esitli etki
faktorleri is  parcast  yiizey  topografyasini
etkilemektedir [10]. Bu olumsuzluklar1 ortadan
kaldirmak i¢in son yillarda yiiksek ilerlemeli
frezeleme islemiyle is parcalarinin yiizey kalitelerinin
iyilestirilmesine yonelik ¢aligmalar yapilmaktadir. Bu
yontem yiiksek talas kaldirma oranlarim kiiciik caph
takimlarla uygulanabilirliginin yaninda daha hizl,
daha verimli bir iiretim i¢in gelencksel islemeye
alternatif bir yontemdir [11-12].  Tilman vd., is
pargast hem kuru kesme kosulunda hem de yiizeye
yiiksek hizda oksi yakit piiskiirterek yiiksek ilerleme
ile frezeleme islemi sonrasi islenen yiizeylerin

yapilarini incelemiglerdir. Calisma sonucunda kuru
isleme kosullarina kiyasla siirtinme katsayisinin
yaklasik %40 azaldigin belirlemislerdir [13]. Tilman
vd., bir bagka calismalarinda ise Cr bazli sert PVD
kaplamalar kullanarak yiiksek ilerleme ile frezeleme
performansini aragtirmiglardir. CrAIN ve CrAICN
ince kaplamalarin uygulanmasinin, sertlestirilmis
yiiksek hizli takim ¢eligi 62.38 + 0.18 HRC ile
karsilagtirildiginda  yiiksek ilerlemeli frezelenmis
ylizey yapilarinin asinma direncini  arttirdigini
belirlemislerdir [14]. Zhang vd., yiiksek hizli
frezeleme isleminde enerji verimliligi {izerine
aragtirma yapmislaridir. Takimin doéniis hizi 2000
dev/dak’dan 8000 dev/dak’ya ciktiginda gerinim
sertlesmesi ve termal yumusamanin etkisiyle enerji
tiikketimi azalmistir. Devir, dis basina ilerleme, kesme
derinligi ve frezeleme genisliginin artmasityla enerji
verimliliginin arttifin belirtmislerdir [15]. Lin vd.,
kaplamalt seramik takimlar kullanilarak yiiksek
mukavemetli vermikiiler grafit doékme demirin
islenmesi  sirasinda  olugan  takim  aginma
mekanizmalarini incelemislerdir. Kaplamali seramik
takimlarin ~ vermikiiler grafit dokme demirin
islenmesinde sinterlenmis karbiir takimlardan daha
uygun oldugunu belirlemislerdir. Kaplanmis seramik
takimlar, diisliik kesme hizinda (V¢ 200 m /dak) esas
olarak adhesive, abrasive ve difiizyon asinmasi
sergilemislerdir. ~ Devir hiz1 arttikga, kaplamali
seramik takimlarin difiizyon asinmasi Once artmisg
sonra azalmigtir [16].

Kesme islemi sirasinda elde edilen veriler (kesme
kuvvetleri, kesme bolgesi sicakligi, ylizey
puriizliligi, takim asinmasi, titresim vb.) isleme
kosullarina ve isleme parametrelerine bagh
oldugundan tahmin etmek zordur. Ancak meydana
gelebilecek olan olumsuz durumlarin énceden tahmin
edilmesi isleme maliyetlerinin azalmasina Onemli
katkilar saglayacaktir. Bu amagla yapilan deneysel
caligmalarda kullanilan isleme parametrelerine bagl
kalarak sonuglarin tahmin edilmesine yonelik bir¢ok
calisma yapilmistir ve yapilmaya devam etmektedir.
Mundada vd., calismalarinda, kesme hizi, ilerleme
orani, talas acis1 ve kesici takim ug¢ yarigapi
parametrelerine bagli olarak elde ettikleri yiizey
puriizliligi verilerini matematiksel model seklinde
formiile etmislerdir. Deneysel degerler ile tahmin
edilen degerler arasinda iyi bir uyum oldugunu
belirtmiglerdir [17]. Cakiroglu vd., kaplamali ve
kaplamasiz karbiir matkaplar kullamilarak delme
isleminde matkap ucu sicakligini ve kesme kuvvetini
tahmin etmek i¢in yapay sinir aglart (YSA)
metodundan faydalanmiglardir. Matematiksel
modelleme sonuglar1 incelendiginde tahmin edilen
matkap ucu sicaklig1 ve kesme kuvvetleri sonuglariin
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deneysel sonuglarla kabul edilebilir degerler dahilinde
oldugunu ifade etmislerdir [18]. Parmar vd., yapay
sinir ag1 kullanarak frezeleme parametrelerinin
modellemesini yapmiglardir. Girdi parametreleri
olarak kesme hizi, ilerleme orani ve talas derinligi
ciktt parametreleri olarak da talas kaldirma orani,

kesme kuvvetini, takim Omriinii, tork ve giig
degerlerini  kullanarak ~ matematiksel =~ model
gelistirmislerdir. YSA modelinin sonuglar1 ile
deneyler arasinda iyi bir uyum oldugunu
aciklamiglardir [19].

Literatiiriin  incelenmesi  sonucunda  yiiksek
ilerleme ile Ostemperlenmis malzemelerin

islenebilirligine yonelik ¢aligmalarin az oldugu
goriilmiistiir. Ayrica yapilan ¢aligmalarda kullanilan

parametrelerin daha sonraki caligmalarda
degerlendirilmesine yonelik matematiksel
modellemelerin  yapilmadigi  belirlenmistir.  Bu

calismada Ostemperleme islemi ile malzemenin
mekanik oOzellikleri degistirilerek farkli sertliklerde
numunelerin yiiksek ilerleme ile frezelenmesi sonucu
elde edilen bileske kuvveti ve ortalama ylizey
plriizliliigiiniin yapay sinir aglari1 ile modellenmesi
yapilmistir.

2. MATERYAL YONTEM (MATERIAL METHOD)

2.1. Deneysel EKipmanlar (Experimental Equipment)

Deneylerde i3 parcast malzemesi olarak
25x30x100 mm Olgiilerinde vermiikiiler grafitli
dokme demir kullamilmistir. Malzemenin kimyasal
bilesimi Tablo 1’de verilmistir.

Tablo 1. Vermikiiler grafitli dokme demirin kimyasal
bilesimi (Chemical composition of vermicular graphite cast iron)

DIATESTOR 7551 tipi iiniversal sertlik 6l¢me cihazi
kullanilmigtir. Tablo 2’de farkli bekleme siirelerine
gbre deney malzemelerinde olusan sertlik degerleri
verilmigtir.

Tablo 2. Deney malzemesinin &zellikleri (Experiment
material properties)

Ostemperlenme Sigakligi (°C) 315
Ostemperlenme Siiresi (min) 60 120 180
Malzeme Sertligi (HRC) 45,6 44,07 42,7

[2]
c

Si Mn P S Cr Ni Mo
382 180 033 003 001 007 001 0.00
Cu Mg Sn Ti Al Zn Bi Fe

087 001 009 002 000 008 000 928

Ayni1 ozelliklere sahip {i¢ deney malzemesine (23
HRC) farkli sicakliklarda  &stemperleme ile
sertlestirme iglemi uygulanmistir. Bu islemlerde
Ostemperleme  islemi, numuneler  geleneksel
Ostenitleme  sicakligt  ~9000C’de 90  dakika
Ostenitlendikten sonra hizli bir sekilde, 3150C
sicakligindaki %50 oraninda potasyum nitrat ve %50
sodyum nitrat (%50 KNO3 + %50 NaNO3)
karisimindan olusan tuz (Petrofer AS 135) banyosuna
daldirilan numuneler farkl: siirelerde (60, 120 ve 180
dakika) bekletilmistir.  Bu iglemler esnasindaki
sicaklik dlgiimleri i¢in K tipi 1s1l ¢ift kullanilmistir.
Sertlik  Olglimlerinde  Instron-Wolpert — marka

Deneylerde SANDVIK Coromant tarafindan
yliksek ilerleme miktarina sahip takim olarak iiretilen
silindirik sapli, maksimum kesme ¢ap1 32 mm olan ve
10° kesici kenar agili CoroMill R210-032A25-09H
kodlu takim tutucu ile Coromant tarafindan iiretilen
GC3330 kalite (R210-09 04 14E-KM) CVD yontemi
ile  kaplanmig Ti(C,N)+AI203+TiN  kaplamali
sementit karbiir kesici uglar kullanilmigtir (Sekil 1).

Deneyler, Gazi Universitesi Teknoloji Fakiiltesi
Imalat Miihendisligi Boliimiinde bulunan Johnford
VMC550 isleme merkezinde yapilmigtir. Kesme
parametreleri, literatiir incelemesi ve kesici takim
firmasinin  Onerileri dogrultusunda yapilan 6n
deneyler sonucunda belirlenmistir. Bu baglamda ii¢
farkli kesme hizinda (60, 120 ve 180 m/dak), ii¢ farkli
ilerleme degerinde (0.6, 0.9 ve 1.2 mm/dak) ve sabit
eksenel talag derinliginde (0.5 mm) kuru sartlar
altinda 27 adet deney yapilmstir.

Takim Tutucu (CoroMill R210-032A25-09H)

DCONJ-
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Sekil 1. Takim tutucu ve kesici u¢ geometrisi (Tool
holder and insert geometry)

Yiizey frezelemede kesici takimin bir kesici
ucunun lizerine etki eden kesme kuvveti bilesenleri
Fx_anlik ilerleme bileseni (X yoniinde elde edilen
kesme kuvvetinin dogrultusu), Fy anlik normal
bilesendir (Y yoniinde elde edilen kesme kuvvetinin
dogrultusu), Fz_anlik dikey bilesen (Z yoniinde elde
edilen kesme kuvvetinin dogrultusu) ve FR_anlik is
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pargast lizerinde olusan bileske kesme kuvvetidir. Fx,
Fy ve Fz sirasiyla X, Y ve Z yonlerinde ilerleme bir
kesici u¢ iizerindeki anlik kesme kuvvetleridir. Elde
edilen Fx, Fy, Fz kesme kuvvetleri, bileske kuvvet
(FR) formiilii ile hesaplanmigtir [20-21].

B = @+ (8)+ B )

Kesme kuvveti Olglimleri Kistler 9257B {ig¢
bilesenli piezoelektrik dinamometre kullanilarak
gerceklestirilmistir. Bu dinamometre Kistler 5070A
cok kanalli sarj amplifiere baglanmistir. Kesme
kuvveti verileri Dynoware yazilimi kullanilarak elde
edilmigtir.

Yiizey pirizlilik degerlerinin  olglimii  i¢in
MAHR-Perthometer M1 6l¢iim cihazi kullanilmistir.
Yiizey piriizlilik ol¢iimii isleme yoniinde ve fig
bolgede (baslangic bdlgesi, orta bolge ve bitis
bolgesinden) belirlenen noktalardan iicer adet olmak
iizere toplamda dokuz adet 6l¢iilmiis ve bu dl¢limlerin
ortalamasi alimmustir. Sekil 2’de caligmanin iglem
basamaklar1 verilmistir.

[ Malzeme Orelih feme Yontemi ve [ Terghh } Deney Sonugian Matematiksel
7'7-'.“7 3 i) ‘Modeleme
L e m— ,
[ s —[ [Pereye—— [ vapoy e g

=] e
[ma]

Sekil 2. Caligmanin islem basamaklari (The process
steps of the study)

2.2. Yapay Sinir Aglar (Artificial neural networks)

Yapay sinir aglart (YSA), insan beyninden
esinlenerek  gelistirilmistir [22]. Eldeki verileri
kullanarak 6grenme, hatirlama ve daha sonra hig
gormedigi verilerle karsilaginca 6grendigi bilgileri
kullanarak yeni veri {iretebilen matematiksel bir
modellemedir. Ogrenme siirecindeki girdi ve ¢ikt1
bilgilerine bagl kalarak bilmedigi ¢ikti(lar) i¢in sonug
iiretebildiginden gilinlimiizde ¢ok farkli alanlarda
(Imalat, otomotiv, havacilik, enerji, finans, tip,
yazilim) kullanilmaktadir.

Girdiler,  agirliklar, toplama  fonksiyonu,
aktivasyon fonksiyonu ve cikti olmak iizere bes
boliimden olusmaktadir. YSA modelleri; tek katmanli
algilayicilar, cok katmanli algilayicilar, ileri beslemeli
yapay sinir aglar1 ve geri beslemeli olmak iizere dort
cesittir. Bu calismada geri beslemeli YSA modeli
kullanilmistir. Geri beslemeli yapay sinir aglarinda
ileri beslemeli olanlarin aksine bir hiicrenin ¢iktisi
sadece kendinden sonra gelen hiicrenin katmanina
girdi olarak verilmez. Kendinden 6nceki katmanda
veya kendi katmaninda bulunan herhangi bir hiicreye

de girdi olarak baglanabilmektedir. Bu yapisi ile geri
beslemeli yapay sinir aglar1 dogrusal olmayan
dinamik bir davranig gostermektedir. Sekil 3°de geri
beslemeli yapay sinir agmin calisma  sekli
gosterilmistir [23].

Gizli Gizli
karman !  karman 2

Girdi o
karmant :. . \\ Crkrt
/ \ 7 AN karmani
Gf _.. ! '/. '-."
N /. "\..
G_,_.. \/ / \
p¢ .

/4

Sekil 3. Yapay sinir ag yapisinin 6rnek gosterimi
(Sample representation of artificial neural network structure)

Bu ag modeli girdi katmani, gizli (ara) katman
ve ¢ikis katmani olmak {izere ii¢ ana katmandan
olusmaktadir. YSA'da katmanlar ile no6ronlar
arasindaki her baglanti agirlik vektorii (w) olarak
tanimlanmaktadir [18,21]. Modellemede malzeme
sertligi (HRC), ilerleme orani (f) ve kesme hiz1 (Vc)
girdi katmani olarak tanimlanirken bileske kuvvet (Fr)
ve ylizey piriizliligi (Ra) cikti katmanlari olarak
tamimlanmistir. Bu tanmimlamalara bagl kalarak
“PHYTICA” yaziliminda Sekil 3’de gosterilen 3-4-5-
2 ag yapisinada Levenberg-Marquardt algoritmasinda
kullanilan Esitlikler asagida verilmistir [18]:

Gizli katman hesaplamalari;

Net; = X x;wy; 2
yi = f(Net;)

Cikt1 katman hesaplamalart;

Nety = X yiwj 3)
O = f(Nety)

Burada x i girig verilerini, y_i katman birden elde

edilen sonuglar1 ve O _k ikinci katman sonuglarini
ifade etmektedir.

Transfer fonksiyonu;

Fermi aktivasyon fonksiyonu hem gizli hem de ¢ikt1
katmanlarin hesaplamasinda kullanilmustir;

1

Fi = ——mrr=os (4)
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YSA modeli egitim agamasi ve test agamasi olmak
tizere iki asamada gerceklestirildiginden tahmin deger
ile gercek deger arasindaki sapma (hata) miktarlarin
belirlemek igin istatistiksel analiz yapilmaktadir.
Bunlar istatistiksel kok ortalama kare hatasi (RMSE),
ortalama mutlak yiizde hata (MAPE) ve mutlak
degisim yiizdesi (R?) degerleridir [24].

Z(ypre‘m _tmea,m)2

RMSE = || 2 (5)
n
t —
MAPE :12{“""" Yorom }xlOO
n- mea,m
' ‘ (6)
Z (ypre,m _tmea,m)z
R?=1-m
2 (trea )
m ™)

Burada n, veri desenlerinin sayisini, ypre, m, tmea,
m, sirastyla bir m veri noktasinin tahmin edilen degeri
ve Ol¢iilen degerini gostermektedir.

3. BULGULAR VE TARTISMA (RESULTS and
DISCUSSIONS)

3.1. Bileske Kuvvetin Degerlendirilmesi (Evaluation
of Resultant Force)

Kesme hizi, ilerleme orani ve sertlik degerlerine
gore elde edilen bileske kuvvet sonuglarmna gore
olusturulan 3D grafikleri Sekil 4’de verilmistir. Sekil
4a’da gosterilen sertlik ve ilerleme oranina bagh
olarak  olusturulan bileske kuvvetin  grafigi
incelendiginde sertlik artik¢a Fr azalmustir. Sertlik ve
ilerleme oranina baglh kuvvet degisiminin %28-%39
arasinda oldugu tespit edilmistir. En diisiik kesme
kuvveti 45,6 HRC sertlikte 1310 N olarak 0,6 mm/dev
ilerlemede elde edilmistir.  Bunun sebebi disiik
Ostemperleme siiresinde ince Osferitik yapinin
olugsmasi ve bu yapmin islenebilirlige olumlu etkisi
olarak ifade edilebilir [2-3]. Ayrica artan sertlik
miktart ile talagin kirilmasi kolaylastigi ve kuvvetleri
azalttigr distiniilmektedir. Sertlik ve kesme hizina
gore olusturulan Sekil 4b incelendiginde, kesme
hizinin artmasi1 Fr degerini belirgin bir degisiklige
neden olmadigr gortilmiistiir. Kesme hizinin artigi ile
kesme bolgesinde beklenen sicaklik artigi frezeleme
isleminde  siireksiz  talag nedeni ile etki
gosterememistir. Bu durum kesme hizina bagh
sicaklik etkisinin kuvvet degisimini minimize
etmistir. Sekil 4¢ incelendiginde ise, Fr degerinin hem
ilerleme oranina hem de kesme hizina gore degisimi
goriilmektedir. Grafikten Fr degeri ilerleme orani ile
dogru orantili degisim gosterirmistir. Talag hacminin
artigina bagl olarak kesme kuvvetinin artis1 beklenen

bir sonugtur. Kesme hizinin sicakliga bagh etkisinin
minimize ettigi

olmayis1  kuvvetleri kanisina

varilmgtir.

) X
s e

Sekil 4. Bileske kuvvet grafikleri; a) sertlik-ilerleme
orani, b) sertlik-kesme hizi, ¢) kesme hizi-ilerleme

orani (Resultant force plots; a) hardness-feed rate, b) hardness-
cutting rate, c) cutting speed-feed rate)

3.2. Yiizey Piiriizliiliigiiniin Degerlendirilmesi
(Evaluation of Surface Roughness)

Girdi degiskenlerine gore elde edilen ylizey
plriizliligi sonuglarina gore olusturulan 3 boyutlu
grafikleri Sekil 5'de verilmistir. Olgiilen Ra degerleri,
0.461-4.635 pum araliginda degismistir. Sekil 5a’da
gosterilen sertlik ve ilerleme oranina bagli olarak
olusturulan yiizey piirtizliiligi grafigi incelendiginde
ilerleme oram1 artttkca Ra degerinin  artig1
goriilmektedir. En diisiik sertlik degeri olan 42.77
HRC malzemesinde en diisiik ilerleme orani ile en
yiiksek ilerleme orani degerlerine gore Ra’daki artig
yaklagik %66 oraninda olurken 45.6 HRC
sertligindeki malzemede ise bu oran yaklagik %89
oraninda olmustur. Sertlik ve kesme hizina gore
olusturulan Sekil 5b incelendiginde, en yiiksek Ra
degeri en diisiik kesme hizinda (50 m/dak) 4.635 um
olarak dl¢lilmiistiir. Kesme hiz1 artikca Ra degerinde
az da olsa bir azalma gerceklesmistir. Sekil 5c
incelendiginde ise, ilerleme oran1 0.6 mm/dev’den 1.2
mm/dev’e ¢ikarildiginda Ra degerinde belirgin bir
artis meydana gelmistir. Kesme hiz1 50 m/dak’dan 70
m/dak’ya cikarildiginda Ra’nin baslangicta hafifce
diistiigli gézlenmistir. Daha sonraki asamalarda ise,
ilerleme oranindaki artis nedeniyle Ra’da kademeli
olarak artmustir.
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Sekil 5. Yiizey pirtizliliigii grafigi; a) sertlik-ilerleme
orani, b) sertlik-kesme hizi, ¢) kesme hizi-ilerleme
orami (Surface roughness plot; a) hardness-feed rate,
b) hardness-cutting rate, c) cutting speed-feed rate)

3.3. Modelleme Sonucu (Modeling Result)

Bu c¢alismada; ti¢ girisli, iki gizli katmanli ve iki
cikislt ag modeli uygulanarak Fr ve Ra degerlerinin
sonuglart modellenmistir. Vermikiiler grafitli dokme
demirin yiiksek ilerleme ile frezelenmesi i¢in yapilan
27 deneyin 21 tanesi egitim i¢in kullanilmis olup 6
deney sonucu ise ag yapisinin test edilmesi igin ayri
tutulmustur. Deney sonuglarmin egitimi ve ag
yapilarinin  belirlenmesinde Pythia yazilimindan
yararlanilmistir. Yapilan modellemelerde Sekil 6’da

Tablo 3. Secilen modelin agirliklari (The weights of the
selected model)

t+ W, XF

Bileske kuvvet, (Fr) - Yiizey piiriizliliigii, (Ra)
NET .4) = Wy XHRC + Wy X+ wy XVe
i Wii Woi Wsi Wi
1 [4.299687 | -1.821207 | 1.916135
2 | -0.589665 | -2.143265 | -0.286139
3 | -0.875122 | -0.022023 | 0.046007
4 |-0.052944 [ 1.000483 | -0.006077
NEI'k(S_g) =w,; XF, +w,, xF, +w,, xF; +w,, XF,
5 |-0.979067 | -3.974732 | -1.484790 | 0.690837
6 | -1.116290 | -0.955121 | -7.505080 | 2.320721
7 | 0526570 | 0.964413 | 0.539747 | 0.727727
8 | -2.906060 | 1.975210 | 2.023518 | -1.300785
9 [0.269967 | 0.488085 | -3.913328 | -1.121614

F. = (1 + exp(—4x(1.958551xF; +
0.050568xF, + 0.737112xF; + 1.696945xF, —
1.766269xF; — 0.5))) ™! (7)

Ry = (1 + exp(—4x(—1.010790xF, +
1.272682xF, + 0.275862xF; + 2.926367xF, —
1.961603xF5 — 0.5))) (8)

Tablo 4. Deney ve YSA modellinin egitim/test
sonuclarinin karsilastirilmasi (Comparison of the training /
test results of the experiment and ANN model)

gosterilen 3-4-5-2 ag yapist kullanilmistir. Fr ve Ra = .
sonuclart igin olusturulan modellemelerin  girdi 2 K = :Zj = g _ | -
katmani, gizli katmani ve ¢ikis katmanin agirlik & | HRC £ € <. i ) g < g
degerleri Tablo 3’te verilmistir. Vermikiiler grafitli | & E > s é 8| >~

dokme demirin yiiksek ilerleme ile frezelenmesi -

sonucu elde edilen Fr ve Ra degerleri i¢in herhangibir | 1 | 456 | 06 | 50 | 1515 | 1526 | 0852 | 0.685
deneysel calismaya ihtiyag olmaksizn | 2 | 456 | 06 | 70 | 1310 | 1525 | 0494 | 0.686
hesaplanabilecek en iyi YSA modellemelerinin | 3 | 456 | 06 | 98 | 1620 | 1525 | 0461 | 0.688
matematiksel denklemleri Es. 7 ve 8’de verilmistir. 4 | 456 | 09 | 50 | 1825 | 1974 | 1.365 | 1.494
Deney ve YSA modellinin egitim/test sonuglariin o | 456 09 | 70 | 1856 | 1973 | 1.365 | 1482
karsilagtirilmasi Tablo 4°te verilmistir. 6 45.6 09 | 98 | 1883 | 1970 | 1.321 1.466
7 45.6 1.2 50 2418 2242 4.635 4.422
8* 45.6 1.2 70 2191 2241 4.486 4418
3-4-5-2 9 | 456 | 12 | 98 | 2087 | 2241 | 4400 | 4413
10 44.07 0.6 50 1571 1621 0.945 0.794
11 44.07 0.6 70 1611 1625 0.805 0.807
12 44.07 0.6 98 1633 1631 0.800 0.823
13 44.07 0.9 50 2016 2017 1575 1614
14* | 44.07 0.9 70 1736 2027 1.435 1512
15 44.07 0.9 98 2033 2028 1.384 1.492
16 44.07 1.2 50 2560 2517 4.378 4.262
17* | 44.07 1.2 70 2304 2265 4.330 4.423
18 44.07 1.2 98 2244 2239 4.193 4.264
19 42.77 0.6 50 1829 1836 2.047 2.035
20 42.77 0.6 70 1863 1834 1.357 1.205
Sekil 6. Kullanilan YSA modeli (The ANN model used) 21 | 4277 | 06 98 | 1900 | 1907 | 1.276 1263
22 42.77 0.9 50 2243 2250 2.113 1.993
23* | 4277 0.9 70 1956 2151 1.693 1571
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24 42.77 0.9 98 2075 | 2083 1.633 1.483
25 42.77 1.2 50 2563 | 2534 | 4.144 4.051
26* | 42.77 1.2 70 2428 | 2531 | 3.870 4.046
27 42.77 1.2 98 2450 | 2472 | 3.753 4.108

Yapilan modelleme sonucu tahmin edilen degerler
ile gercek degerler Sekil 7 ve Sekil 8’de gosterilmistir.
Sekil 6 ve 7’de goriildiigii gibi tahmin degerleri ile
deney sonucu elde edilen degerler benzer sonuglar
vermistir. Ek olarak YSA modelinin dogrulugu R2,
RMS ve MAPE degeri ile kontrol edilmistir. Fr ve Ra
sonuglari i¢in bu ti¢ istatistiki degerin sonuglar1 Tablo
5’te verilmistir. Ayrica, Fr ve Ra’nin test ve egitim
sonuglari i¢in YSA tarafindan tahmin edilen deneysel
degerlerin ve deney sonuglart ile karsilastirmasi, Sekil
9 ve 10°da verilmistir.

Tablo 5. Fr ve Ra icin istatiksel sonuglar (Statistical
results for Fr and Ra)

R? test RMS test MAPE test

Fr,N 0.982312 0.091904 0.008446

Ra, pm 0.994272 0.053139 7.987364
+YSA Egitim AYSATest

3000
__ 2500 T
%‘ 2000 i .
£
& 1500 . *

1000

1000 1500 2000 2500 3000
Deneysel Fr, (N}

Sekil 7. Fr'nin YSA modeli sonuglariyla
karsilastirilmasi (Comparison of Fr with ANN model results)

| +YSA Egitim AYSA Test \

s

Tahmini Ra, (pm)

00 1.0 20 30 40 50
Deneysel Ra, (um)

Sekil 8. Ra’nin YSA modeli sonuglariyla
karsilagtiritlmasi (Comparison of Ra with ANN model results)

YsA Egitim SYSATest

Fr, (N)
PR
+4

R
Deney sayisi

Sekil 9. Fr i¢in deney, YSA egitim ve YSA test

sonuglarinin karsilagtirilmasi (Comparison of test, ANN
training and ANN test results for Fr)

I “Deneysel VoA Egiim aATen

veo olele

Ra, (ym)

Sekil 10. Ra i¢in deney, YSA egitim ve YSA test

sonuglarinin karsilagtirilmasi (Comparison of test, ANN
training and ANN test results for Ra)

2. SONUCLAR (CONCLUSIONS)

Bu ¢alismada 6stemperleme islemi ile malzemenin
mekanik Ozellikleri degistirilerek farkli sertliklerde
numunelerin yiiksek ilerleme ile frezelenmesi sonucu
elde edilen bileske kuvveti ve ortalama yiizey
puriizliliigiiniin yapay sinir aglar1 ile modellenmesi
yapilarak elde edilen sonuglar asagida 6zetlenmistir.

o  Ostemperleme siiresindeki artis, malzemenin
sertliginin azalmasina neden olmustur.
Diisiik 6stemperleme siiresinin malzemenin
islenebilirligi tizerinde olumlu etkisi oldugu
tespit edilmistir.

e En disik bileske kuvvet 45.6 HRC
sertliginde 0.6 mm/dev ilerleme oraninda ve
70 m/dak kesme hizinda 1310 N olarak elde
edilmistir.

e En disik yiizey pirizliligi 45.6 HRC
sertliginde 0.6 mm/dev ilerleme oraninda ve
90 m/dak kesme hizinda 0.461 pum olarak
elde edilmistir.

e Bu calisma ile YSA yo6ntemini kullanarak
matematiksel modeller olusturarak bileske
kuvvet ve yiizey pirizliligi sonuglarinin
tahmin edilebilecegini kanitlamistir.
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Bu caligmada kaynak yapimi i¢in tasarlanmig bir robotik kolun maliyetinin azaltilmasi igin bir
oneri sunulmustur. Son yillarda endiistrinin hedefi hem isgiiciiniin arttirilmas1 hem de maliyetin
azaltilmasidir. Bu c¢aligmada robotik kollarin uzuvlarinin hafifletilmesi ve daha hassas hareket
mekanizmasinin olusturulmasi1 amaglanmigtir. Bunun i¢in, Ansys Workbench programi
kullanilarak analizler ger¢eklestirilmis ve robotik kolun uzuvlari olan sigma profilleri i¢in A16063
0 ve AI6063 T-5 malzemelerinin bir karsilastirmasi yapilmustir. ilk olarak malzemelerin smir
kosullar1 belirlenip her parca icin statik analiz gerceklestirilmis olup ¢ikan veriler
karsilagtirilmistir. Robotik kollarin uzuvlari igin kullanilacak malzeme olarak sigma profil
(Aliiminyum 6063) tercih edilmistir. Sigma profilin korozyona kars1 direngli olmasindan dolay1
boyama islemine gerek duyulmamaktadir.

https://dx.doi.org/10.30855/gmbd.2021.01.08

A Recommendation for Reducing the Cost of the Robotic Arm Used in

Welding

ARTICLE
INFO

ABSTRACT

Received: 24.03.2021
Accepted: 24.04.2021

Keywords:
Welding robot, robot
arm, electrode welding

In this study, reducing the cost of a robotic arm designed for welding is discussed and its
application is shown. The goals of the industries in recent years are both increasing the labour and
reducing the cost. The aim of this study is to lighten the limbs of the robotic arms and a more
sensitive movement mechanism. According to this aim, an analysis was performed using the Ansys
Workbench program and a comparison of Al6063 0 and Al6063 T-5 materials for sigma profiles,
which are the limbs of the robotic arm, was made. Firstly, the boundary conditions of the materials
were determined and a static analysis was performed for each part, and the obtained results were
compared. Here, Sigma profile (Aluminum 6063) was preferred as the material to be used for the
limbs of the robotic arms. Since the Sigma profile is also resistant to corrosion, painting is not
required.

https://dx.doi.org/10.30855/gmbd.2021.01.08

1. INTRODUCTION (GiRris) icin

Yasadigimiz  dénemde

otomasyon sistemleri  gelistirilmistir. Bu
sistemlerin en yaygin kullanilan1 ise robotik koldur.
calisma  verimliligini

arttrmak ve kaliteli parga iretmek sanayinin
amaglarindandir. Bu ¢aligmalarin daha hizli, daha
kaliteli ve minimum diizeyde hatayla yapilabilmesi

*Sorumlu yazar: fmaleki@bartin.edu.tr

Literatiirde robotik kollar ile ilgili bir dizi ¢aligma
yapilmistir. Bunlar asagida kisaca siralanmustir. Isik
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hizmetlerde kullanimimi amaglamislardir. Calismada
mikro denetleyiciler kullanilarak diigiik maliyetli
otonom mobil tasarlamislardir. Mikro denetleyici
olarak Arduino ve Raspberry kartlar1 tercih edilmistir.
Raspberry kart1 ve Pi kamera yardimiyla aktiviteler
basgka bir bilgisayara aktarilmigtir. Otonom hareket
edebilmesi i¢in GPS kullanilmigtir

Riistemli vd. [2] kullanim alanlar1 ¢ogaldigr igin,
iki eksenli robot kol tasarlamislardir. Tasarimda step
motorlart ve motor siiriicii devreleri kullanilmustir.
Ayrica kolay programlanabilme 6zelliginden dolay:
paralel port tizerinden kontrol saglanmistir. Caligma
bolgesinde uygun olmayan moment degerlerinde
adim atlama hatas1 alinabilecegi fakat uygun yiiklerde
herhangi bir pozisyon kayb1 olmayacag belirtilmistir.
Kolun en az 3 eksenli olmasinin da ¢alisma alami
acisindan faydali olacagi da calismada belirtilmistir.

Bozdemir ve Adigiizel [3] robot kollarinin insan
giicli yerine kullanilmasinin yayginlasmasi iizerine,
PUMO tipi robot kol ile insan kol hareketlerini
kargilagtirtp, yeni bir robot kol iizerinde omuz
tasarlamuslardir. Calismada Once insan omzunun
anatomik yapisi incelenmis ve omuzun kiiresel mafsal
yapisinda ve ii¢ eksende de hareket kabiliyetine sahip
oldugu belirlenmistir. Calismada robot kol insan kol
hareketlerini yapabilecek sekilde karmasik yapiya
sahip mafsallarla desteklenmistir.

Yavuz ve Hocaoglu [4] Robot kolun u¢ nokta
konumu {izerine yaptiklari ¢alismada ileri kinematik
analizlerinin trigonometrik fonksiyonlar ile biiyiik
mertebeli  matrislerle  yapilabilecegini  ifade
etmislerdir. Caligma sonunda, yapay sinir aglarinin
robot kollarin kinematik analizinde giiclii bir alternatif
olabilecegini ve hizli sonuglar alinabilecegi ifade
edilmigtir.

Tonbul ve Saritas [5] Edubot adimi verdikleri
robotun u¢  noktasinin  gidecegi  konumun
koordinatlarini (x, y, z) ve baglangi¢ durumundaki kol
acisin1 girmek suretiyle, 4 farkli eklemde olusan
acilart (64,05, 05, 0,), ters kinematik problem olarak
tanimlamiglar  ve  Matlab  5.02  yardimiyla
¢ozmiislerdir. Ayrica hareketin diizgiin ve titresimsiz
olabilmesi i¢in yoriinge planlamasi yapmuslar, Bunu
igin  konum, hiz, ivme denklemlerinden
yararlanmiglardir.

Kayish ve Ugur [6] ti¢ serbestlik derecesine sahip
bir robotun islemcisine degisik yiikler uygulayarak
herhangi bir giris sistem bozuklugu olup olmadigini
arastirmislardir. Bu yiikleri test etmek i¢in PID
kontrol yontemi ile bulanik mantik yontemini tercih

etmiglerdir. Kontrol ortaminda tasarim ve simiilasyon
gerceklestirilmis olup sonuglart karsilastirmali olarak
sunulmustur.

Ersin vd. [7] kol kasinda gii¢ kaybi yasayan
insanlar i¢in, giinliik islerini kismen yapabilecek
sekilde aliiminyum malzemeden giyilebilir robot kol
tasarlamiglardir. Eklemlere ve dirseklere servo
motorlar monte etmiglerdir. Tasarim SolidWorks
yazilimiyla yapilmis olup, kol, el ve omuz yiikleri
emniyet katsayis1 dikkate alinarak 250N olarak
dikkate almmustir. Bu hesaplar 1s1ginda tork, giic
hesaplar1 yapilmis olup omuz, el ve kol igin
maksimum ¢aligma alani belirlenmistir.

Miihiircii [8] bes eklemli mafsalli robot kolunun
ileri kinematik analizlerini yapmistir. Bunu yaparken
kolun baslangi¢ eklem ve hareket eklem ac1 girdileri
yardimziyla robot elin erigim noktalar1 hesaplanmustir.
Hesaplamalarda her eklem igin 3x3 boyutlu matrisler
tanimlanmustir.

Coskun ve Simbiil [9] uzaktan kumanda
yardimzryla kontrol edilebilir bir robot tasarlamiglardir.
Kumanda sistemi i¢in klavye tercih edilmistir. Klavye
bilgilerini yorumlamaya sahip mikro denetleyici LCD
ye baghdir. Robot iizerinde bircok algilayici
mevcuttur. Robot iizerinde bulunan bu algilayicilar
gelen verileri ana kart {izerinden okuyup
yorumlamaktadir. Tagkaya wvd. [10] dogrudan
ulagilamayan bolgelerden bilgi toplama ve miidahale
gorevini Ustlenecek bir makine modellemislerdir.
Calismada robotik kola kamera ile goriis saglanip
bilgisayar ile kontrol edilmesi amaglanmistir. Robotik
kol kamera sayesinde bulundugu ortami goérebilmekte
ve  bilgisayar  sayesinde  istedigi  hareketi
yaptirabilmektedir. Buradaki hedef robotik kolun
istenen her fonksiyona cevap verebilecek nitelikte
olmasidir.

Bagka bir ¢alismada Gezgin robot ad1 verilen bir
yon veya konum boyunca otomatik olarak hareket
edebilen  serbest programlanabilir bir arag
gelistirilmistir [11]. Kullanicinin bilgisayar yardin
ile girdigi karmasik komutlar temel hareket
komutlarina doniismekte ve elektronik denetim
kartlarina iletilmektedir. Bilgisayar ile mekanik
sistem arasinda arayiiz islevi goren elektronik denetim
kart1 bilgisayardan aldig1 verileri mekanik sistem igin
gerekli elektriksel isaretlere doniistirmektedir. Bu
doniistiirme ile birlikte hareket organlar1 komutlarim
yerine getimektedir.

Bagka bir ¢alismada ise eklem sayis1 azaltilmis bir
robotik kolun Kinect 360 yardimi ile insan kolu
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hareketlerini taklit edebilmesi saglanmustir [12].
Burada robotun caligsacagi ortam bir canli {izerinde
denenerek tasarlanmistir. Gergeklestirilen ¢alismada
onceden tasarlanan robotik kollar kinect sensori ile
anlik kontrol edilebilmektedir.

Kinect'in algiladigi kol hareketleri, daha 6nceden
tasarlanan ~ matematiksel  verilerin  yazilima
aktarilmasiyla daha sonra da Ardiuno kart ile servo
motorlarin siirme iglemi ile saglanmaktadir. Burada
Joystick ya da kumanda kollarina verilecek olan
gorevlerin 6nceden belirlenmis olmasi gerekmektedir.
Baska bir ¢alismada 4 serbestlik dereceli bir robot
kolu i¢in bulanik yapay sinir aglar1 tabanli hesaplanan
tork kontrolii dnerilmistir [13]. Bu tiir robotik kollar
cogunlukla endiistriyel uygulamalarda
kullanildigindan ~ bunlarin  yiikksek  hareket ve
hassasiyet kabiliyetine sahip olmalar1 istenir. Yiiksek
hizda ¢aligma ve robot kollarina uygulanan dis ytikler
robot kontroliinde onemlidir. Bu nedenle robotun
verilen yoriingeleri en iyi sekilde takip edebilmesi i¢in
hesaplanan tork yontemi gelistirilmis ve bu yontemin
bulanik aglariyla birlesimi, geri beslemeli kontroliin
iyilestirilmesi saglanmigtir. Elde edilen sonuglar
Onerilen kontrol yonteminin basarili oldugunu
ispatlamistir.

Geng [14] talas kaldirma isleminde kullanilacak bir
robotik kol modellemistir. Calismada hedef capagin
iriin kalitesini diistirmesi tehlikesinin ve c¢evreye
verdigi zararlarin bir robotik kol ile azaltilmaktadir.
Diger bir c¢alismada iki uzuvlu eksende hareket
edebilen esnek bir robotik kolun matematiksel islem
sablonu tasarlanarak buna uygun deney ortami
hazirlanmistir [15]. Model olarak Bernoulli-Euler
kiris modeli kullanilmig olup Sanal uzuvlar, Pasif
eklemler yontemi ile tasarlanmistir. Yazilimin
denenebilmesi icin bilgisayar ortaminda Ornek bir
model olusturularak, Yapay Sinir Aglar1 kullanilarak
model c¢alistirilmigtir. Bu yontem ilk defa bu
calismada uygulanmistir.

Yiiksel vd. [16] 2-DOF PID kontrolor ile 4
serbestlik dereceli robot kolu u¢ elemani pozisyon
kontrolii yapmustirlar. Robot kolun her bir uzvunun
hareketi i¢gin DC motoru kullanilmig olup sistem
Matlab/Simmechanics ortaminda modellenmistir. DC
motorun transfer fonksiyonu elde edilerek robotik kol
hem PID kontrolér hem de 2-DOF PID kontrolor ile
kontrol edilmistir. Kontrolorlerin  parametreleri
pargacik siirii optimizasyon (PSO) yontemi ile
optimize edilmistir. Sonuglar incelendiginde 2-DOF

PID kontrolér performansinin PID kontroldriin
performansindan daha iyi oldugu saptanmistir.

Gorel ve Altas ¢alismalarinda [17] iki eksenli bir
manipiilatdrin  dairesel is yoriingesi {izerindeki
hareketini bulanik mantik denetim kullanarak
incelemiglerdir. Calismada yazilim algoritmasini
olusturmak icin MATLAB/SIMULINK
kullanilmigtir. Tasarlanan sistemin performanst PI
denetleyicisinin performansiyla karsilastirilarak BMD
denetleyicinin uygunlugu irdelenmistir. Burada motor
olarak siirekli miknatisli DC Motor tercih edilmistir.

Baska bir ¢alismada dinamik bir esnek robot
modelinin karmasikligi nedeniyle, basit bir kontrol
cihaz1 tasarlanmistir [18]. Ayrica robotik kolun
yiksek bir yiik tasima kapasitesine sahip olmasi
gerektiginden kontrol sisteminin saglamligi ¢ok
onemlidir. Kapali dongli sisteminin kararlilig
Lyapunov teorisi dikkate alinarak gosterilmistir.

Baska bir calismada ise kaynak, iz bolgesine
tanmimlanarak fuzzy kontrol algoritmasi yardimiyla
tanimlanan bolge  hesaplanmustir. [19].
Koordinatlardaki degisimler bulanik mantik kontrol
algoritmas1 ile tahmin edilmistir. Ani degisim
durumunda, hata degisim miktar1 bulanik mantik
algoritmas1 ile hesaplanarak hareket elemanlarina
sinyal gonderilmis ve bu durumda elemanlarin hizlari
degismistir.

Bu caligmalarda kaynak robotlarindaki eksen
sayisi arttirilarak yeni bir yazilim olusturulmus ve
genellikle malzeme olarak yapisal ¢elik, dokme demir
vb. malzemeler tercih edilmistir.

Bu c¢alismada ise literatiirde  kullanilan
malzemelerden farkli olarak Al6063 0 malzemesi
kullanilmis ve bdylece maliyetin azaltilmasi ve enerji
tasarrufunun gerceklestirilmesi hedeflenmistir.

2. MATERYAL VE METOT (MATERIAL AND
METHOD)

Robotik kol uzvunda malzeme olarak AI6063 0
sec¢ilmistir. Bu malzemenin tercih edilmesinin sebebi
korozyona karsi direngli olup boyanmasina gerek
olmamasidir.  Ayrica bu  malzeme  kolay
montajlanabilme 6zelligine sahiptir. Caligmada
karsilagtirma i¢in Al6063 T-5 malzemesi se¢ilmistir.
Tablo 1°de Al6063 0 ve Al6063 T-5’in mekanik
ozellikleri verilmistir.
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Tablo 1 Al-6063 0 ve Al-6063 T-5 mekanik 6zellikleri (Mechanical properties of Al-6063 0 and Al-6063 T-5) [20]

Elastik Poisson Kiitle Akma Gerilme
Modiili Oram Yogunlugu Mukavemeti Mukavemeti
(N/mm?) (kg/mmd) (N/mm?) (N/mm?)
Al-6063 0 6900 0.33 25800 50 90
Al-6063 T-5 6900 0.33 2710 145 185

Robotik kol  tasarlanirken ISO 8373
standartlaria uyulmustur.( ISO 8373: Ug ve daha
fazla kodlanabilir eksene sahip olan, otomatik
kontrollii, ¢ok kullanigli manipiilatordiir [21].)

Robotik kol 3 eksenden olugsmustur. Tablo 2’de
calismada kullanilan pargalar ve adetleri verilmistir.
Sekil 1°de kolun montaj hali ve Sekil 2°de ise kolun
mafsal acilart gosterilmistir. Statik analiz, analizini
yaptigimiz  parca  lizerindeki  yiiklerin  ve
kisitlamalarin, lineer olarak tanimlanmis malzeme
ozellikleri ile olusturdugu anlik ¢éziimlemelerdir.
Statik analiz sonuglar1 anlik sonuglardir. Bu analize
gore pargalarimiza gelen gerilmelerin dagilimi
goriilmektedir.

Tablo 2. Robotik kol tasariminda kullanilan pargalar

(Parts used in the robotic arm design)

Kullanilan pargalar Adet
Alt tabla 1 Sekil 2. Robotik kolun mafsal ve agilar1 (Joints
Robotik kolun y eksenine hareketini 1 and angles of the robotic arm)
saglayan mil
Ust tabla 1 2.1. Mikro Denetleyici ve Yazilim (Micro Controller
Alt ve st tablay birlestiren mil 4 and Software)
30x30 sigma profil 200 mm robotik 1 Mikro denetleyici olarak robotik kolda
kolun ilk uzvu Atmega328 kullanilmistir. Mikro denetleyicinin
30x30 sigma profil 400 mm robotik 1 gorevi kisa olarak gelen bilgileri bilgisayardan alip
kolun ikinci uzvu seri bilgiler halinde step motorlara iletmektir.
Elektrot tutucu 1 Yazilimda ise Arduino yazilimi tercih edilmistir. Bu

Sekil 1. Robotik kolun montaj hali (Assembly of the

robotic arm)

yazilimim  segilmesinin  temel sebebi mikro
denetleyicisinin ¢alisma prensibine uygun bir
kiitiiphanesinin olmasidir. Ayrica arduino cevresel
modiiller sayesinde devre kurmayi daha basit hale
getirmektedir.

2.2. Step Motorlar (Stepper Motors)

Step motorlar (Sekil 3) elektrikten gii¢ alarak
donme hareketi saglayan, girislerine pals sinyalleri
uygulanarak donme hareketi meydana getiren
aygitlardir. Step motorlar bu donme hareketini
adimlamal1 bir bi¢imde ve kontrollii olarak yaparlar
ve son derece hassastirlar.

Step motor, genellikle bir rotordan (kalici
miknatis), stator sargilarindan ve rulmanlardan
olusur. Rulmanlar, rotora bagl saftin hareketinin
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rahatligini saglarlar. Sargilar1 belirli bir sirayla adim
adim harekete gecirip, iginden bir akim gegmesine
izin verdigimizde, statoru miknatislamak suretiyle
elektromanyetik itmeler olustururlar. Olusan bu her
elektromanyetik itmeye step denir ve bu da step
motorlarin ¢aligma prensibini olusturur.

Motorun donme miktari, bobinlere sirasiyla
verilen pals sinyallerine baglidir. Step motorlarda
motorun yapisina bagli olarak donme agist
degiskenlik gosterir. Genellikle 90°, 45°, 18°,
7.5°, 1.8° degerlerinde motorlar bulmak
miimkiindiir. Daha kiiciik ac1 degerlerinde motorlar
da olabilir. Bu ise maliyetleri arttiran bir durumdur.
Ac¢t  degeri kiigiildiikce  motor  maliyetleri
artacagindan bu a¢1 degeri, tasarimlar yapilirken goz
Ontine alinmasi gereken dnemli bir parametredir.

Step motorlarin hassas konumlandirilabilmeleri
miimkiindiir. Yine hassas olarak hiz ayarlamalar
yapilabilir. Diigiik devirlerde bile yiiksek dondiirme
etkisine (torka) sahip olmalari, avantajlari olarak
sOylenebilir. Step motorlarda adim acist ve adim
sayist su seklide hesaplanir. 360° donen step
motorlarda gerekli adim agis1 (0), faz sayisinin (F)
ve motordaki rotorun ¢ikintili kutup sayist (K)
olmak tizere;

o350 ®

ile, adim sayisinin (S) ise adim agis1 (8) olmak

. 360" .
iizere, S = > ile hesaplanir.

Sekil 3. Step motor (Stepper motors)

Bu caligmada step motorlar, konumlandirmada
ve hiz kontroliinde kolaylik sagladiklarindan ve
yiksek tork elde edilebildiginden tercih
edilmislerdir. Sekil 4’te drnek baglanti semasinda,
arduino, motor siiriicii ve step motor baglantisi
gosterilmistir. Calismamizda 1 adet Arduino uno ile

3 adet step motor ve her bir motor i¢in 1 adet olmak
iizere toplam 3 adet motor siiriicii planlanmistir.
Tabla kisminda (1 adet), {ist tabla ile 1. uzvun
baglantisinda (1 adet), 1. ve 2. uzuvlarin
baglantisinda (1 adet) olacak sekilde 3 step motor
kullanilmustir. Yine, degerleri 8.5A-24V ve 10.5A-
24V  olmak tizere 2 adet gilic adaptdrii de
planlanmustir. Gii¢ adaptorlerinin biri (8.5A-24V)
Nema 34 motor igin, digeri (10.5A-24V) Nema 17
ve Nema 23 step motorlar i¢in tasarlanmustir.

Sekil 4. Step motor baglant1 gemasi (Stepper motor
connection diagram)

Kullanilan Motorlar, motor siiriiciileri ve
adaptorlerin ozellikleri, NEMA 34 Step Motor 4.5
Nm 86Hs45 (1.8° adim agili, 200 adimli), Nema 23
Step motor 2.2 Nm 57Hs22 (1.8° adim agili, 200
adimli), Nema 17 Step Motor 0.47 Nm (1.8° adim
acili, 200 adimli), 3 adet M542 (Cwd556) Step
Motor Siiriiciisii Nema 34 ve gii¢ adaptorleri 10.5A-
24V ve 8.5A-24V seklindedir.

2.3. Sonlu Elemanlar Analizi (Finite Element
Analysis)

Bu c¢alismada robotik kollarin uzuvlarinin
hafifletilmesi ve daha hassas bir hareket
mekanizmasi gelistirilmesi amaglanmistir. Bunun
icin, Ansys Workbench programu kullanilarak statik
analizler gergeklestirilmistir.  Calismada robotik
kolun uzuvlar1 i¢in sigma profilleri Al6063 0 ve
Al6063 T-5 malzemelerinin kullanilmasi durumlar
icin bir karsilastirma yapilmistir.

3. BULGULAR (RESULTS)

3.1 200 mm Sigma Profilin Statik Analizi (Static
Analysis of 200 mm Sigma Profile)

Parcamiz Sekil 5°de goriildiigii tizere alt tablo ile
montaj olacag1 bolgeye sabitlenmistir. Step motor
agiligr ve 400 mm sigma profil agirliklar toplamu
20kg’dir. Emniyet katsayisin1 2.5 alarak uygulanan
kuvvet 500 N olmaktadir. Sekil 5’teki gibi her iki
taraftan compenant seklinde uygulanilan kuvvet Y
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ekseninde, -500N degerinde uygulanmustir. Alt tablo
ile montaj1 olacag1 bolge sabitlenmistir.

Malzeme  ozellikleri i¢in  Tablo  1°den
yararlanilmistir. Mesh kalitesi olarak Local Mesh
uygulanmistir ve multizone mesh tercih edilmistir
(Sekil 6). Mesh elemanlar1 ise dortgen ve piramit
seklinde tercih edilmistir. Parcamizda cok fazla
keskin koseler bulundugu igin bu keskin koselerde
dortlii mesh yetersiz kalmistir. Bu nedenle dortlii ve
piramit mesh kullanilmistir. Ayrica 123200 tane
mesh elemani ¢gikarilmistir.

0,00

Skewness =
Optimum Eleman Boyutu—Aktif Eleman Boyutu (2)

Optimum Eleman Boyutu

Mesh kalitemizin ne kadar iyi oldugunu
gorebilmek icin skewness degerine bakilmigtir
kullanilan modelde skewness degeri 0.55 olarak
bulunmustur (Sekil 7). Skewness degeri Denklem
2’den hesaplanmaktadir.

10,00

40,00(mr) g
] ;
30,00

Sekil 5. 200 mm sigma profilin sabitlenme noktasi ve kuvvet uygulanma noktalar (Fixing point and force application
points of 200 mm Sigma profile)

0,000
7.500

X
39,000 () ° !

22500

Sekil 6. 200 mm sigma profilin Mesh goriintiisii (Mesh of 200 mm Sigma profile)

Robotik kolumuzun ilk uzvuna baktigimizda
Sekil 8’de gordiigiimiiz gibi A16063 T-5 ve Al 6063
0 sigma profillerde 0.75 mm maksimum yer
degistirme gorilmistiir.

} Mesh Metric Skewness

[ Min 2,5675¢-003
[ Max 055634

% Average 0,19126

}

Standard Deviation ‘0,10326

Sekil 7. 200 mm sigma profilin Skewness degeri
(Skewness Value of 200 mm Sigma profile)

Aym1 zamanda X ve Y eksenlerinde goriildigi
izere Al6063 T-5 malzemesi ile AI6063 0
malzemesi aynmi oranda deformasyon yapmistir.
Sekil  9’dan X  eksenindeki maksimum
deformasyonun 0.010879 mm oldugu, buna karsin
Sekil 10°’dan Y  ekseninde  maksimum
deformasyonun Al6063-0"da sifir ve Al6063 T-5de
0.752275mm oldugu goriilmektedir.
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Sekil 8. 200 mm Sigma profillerin total deformasyonlar1 (Total deformation of 200 mm Sigma profiles)
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Sekil 9. 200 mm sigma profilin X ekseninde toplam deformasyonlari (Total deformation of 200 mm sigma profile in X)
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Sekil 10. 200 mm sigma profilin Y ekseninde toplam deformasyonlari (Total deformation of 200 mm sigma profile in Y)

Robotik ~ kolun  uzvundaki  gerilmelere
bakildiginda ise sigma profilinin her iki noktada da
tam baglanti noktasindaki radius kisminin alt
tarafinda maksimum gerilmenin meydana geldigi
goriilmektedir. Gerilmele bakildiginda Sekil 11°de
goriildiigii tizere Al6063-0 ve AI6063-T5 sigma
profilerin maksimum gerilmelerinin 62Mpa oldugu
gorilmektedir.

Tablo 3. 200 mm sigma profillerin yatak kuvvetleri
(Reaction forces of 200mm sigma profiles)

X Y Z
AL 6063 0 0 -500 N 0
AL6063 T-5 0 -500 N 0

200 mm sigma profilinin sabitlendigi bélgedeki
yatak kuvveti sonuglar1 Tablo 3°de goriilmektedir.

Sonuglara bakildigi zaman toplam kuvvetin ayni
oldugu goriilmektedir. Sekil 12’ye baktigimizda ise
yatak  kuvvetlerinin ayn1  yonde  oldugu
goriilmektedir.

Sigma profilin sabitlendigi bolgede elde edilen
momentlerin sonuglar1 Tablo 4°de verilmistir. Elde
sonuglardan toplam momentin ayn1 oldugu
goriilmektedir. Sekil 13°te ise momentlerin yonil
goriilmektedir.

Tablo 4. 200 mm sigma profillerin yatak
momentleri (Reaction moments of 200 mm sigma profiles)

X Y z
AL 6063 0 0 0 -0.4303 N.mm

ALG6063 T-5 0 0 -0.40363 N.mm
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Sekil 11. 200 mm sigma profilin Von-Mises gerilmeleri
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L]
7000 (mm)
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-
1750

Sekil 12. 200 mm sigma Al6063 0 ve A16063-T5’in yatak kuvvetlerinin yonii (Direction of reaction forces of 200
mm sigma Al6063 0 and Al6063-T5)

0,00

;
£000(mrm) *

2000

€000

Sekil 13. 200 mm sigma Al6063 0 ve 6063-T5’in momentlerinin yonii (Direction of moments of 200 mm sigma Al6063
0 and 6063-T5)

3.2 400 mm Sigma Profilin Statik Analizi (Static
Analysis of 400 mm Sigma Profile)

400 mm uzunlugundaki sigma profilin analizinde
kullanilan malzeme aymidir. Tablo 1°de malzeme
ozellikleri verilmistir. Sekil 14°deki gibi iki sigma
profilin baglanilacagi yerden sabitlenmis ve Sekil
8’deki gibi her iki taraftan compenant seklinde
uygulanilan kuvvet Y ekseninde -500 N degerinde
uygulanmistir.

ilk parcamizda da oldugu gibi Mesh Kalitesi
olarak Local Mesh uygulanmisr ve multizone mesh
tercih edilmistir. Parcamizda ayni zamanda step
motorlarin baglanti bdlgelerinde oldugundan Tetra
mesh kullanilamamaktadir. Bu nedenle Altigen ve
Piramit mesh kullanilmistir (Sekil 15). Ayrica bu
parca daha uzun oldugundan keskin elemanlardaki

mesh gegcisini kiiciiltmek ve Skewness degerinin
azaltilmast i¢in Transition seceneginden Slow
yapilmistir. Boylelikle 2 eleman arasindaki gegis
detaylandirilmistir Bu bolgede 455086 tane mesh
kullanilmustir.

Robotik kolun ikinci uzvuna bakildiginda bir
onceki parcalara kiyasla yer degistirmenin arttig1 ve
maksimum deformasyonlarin birbirlerine ¢ok yakin
oldugu goriilmektedir. Sekil 16’dan maksimum
deformasyonun Al6063-0 ve Al6063-T5 igin 5.72
mm oldugunu goriillmektedir.

Sigma profilin X ve Y eksenlerinde gorildiigi
iizere birbirlerine yakin deformasyon yaptiklari
goriilmektedir. Sekil 17 ve Sekil 18°de sirasiyla X ve
Y eksenlerindeki maksimum  deformasyonlar
goriilmektedir. Bu degerler Tablo 5’te de
verilmistir.
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000 200 40,00(mm)

100 3000

Sekil 14. 400 mm sigma profilin sabitlenme noktasi ve kuvvet uygulanma noktalar1 (Fixing point and force application
points of 400 mm Sigma profile)

10,000 20,000%mrm)
5,000 15,000

Sekil 15. 400 mm sigma profilin Mesh yapis1 (Mesh of 400 mm Sigma profile)

e L

W u iom) w BW Z0j)

1000 00 750 5250

Sekil 16. 400 mm sigma profillerin total deformasyonlari (Total deformations of 400 mm sigma profiles)
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Sekil 17. 400 mm sigma profillerin X eksenindeki total deformasyonlari (Total deformations of 400 mm sigma profiles in
X-axis)

4

Sekil 18. 400 mm sigma profillerin Y eksenindeki total deformasyonlari (Total deformations of 400 mm sigma profiles in Y

1NN )
) B aw i

axis)
Tablo 5. 400 mm sigma profillerin X ve Y goriilmektedir. Sekil 20°de ise yatak kuvvetlerinin
eksenlerinde maksimum deformasyonlar (Maximum yonil goriilmektedir.
deformations of 400 mm sigma profiles in X-axis and Y-axis)
Toplam maksimum deformasyon X Y Tablo 6. 400mm sigma profilllerin yatak kuvvetleri
AL 60630 0.010834 mm O (Reaction forces of 400mm sigma profiles)
AL6063 T-5 0.010834mm 0 X Y Z
; . imelere bakildiginda Al AL 60630 0 500 N 0
Burada maksimum gerilmelere bakildiginda
6063 0’da Sekil 19°da gorildigi tizere 200 Mpa ALBO0B3 T-5 0 S00N 0
gerilmesine olustugu, Al6063 T-5 malzemesinin
maksimum gerilmesinin de bundan farkli olmadig Sigma  profilin  sabitlendigi ~ bdlgedeki
goriilmektedir. momentlerin sonuglart Tablo 7’de goriilmektedir.
Burada da total momentlerin ayni oldugu
400mm sigma profilinin sabitlendigi bolgedeki goriilmektedir. Sekil 21°de ise momentlerin yonii
yatak kuvvetleri Tablo 6’da verilmistir. Sonuglara goriilmektedir.

bakildiginda toplam kuvvetin aym1  oldugu
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Sekil 19. 400 mm sigma profillerin Von-Mises gerilmeleri (Von-Mises stresses of 400 mm sigma profiles)

0,00
15,00

60,00 (mm)
X
45,00

Sekil 20. 400 mm sigma Al6063 0 ve Al6063-T in yatak kuvvetleri (Reaction forces of 400 mm sigma Al6063 0 and

0,00
15,00

60,00 {mm)
X
45,00

Sekil 21. 400 mm sigma Al6063 0 ve Al6063-T 5‘in momentlerinin yonii (Direction of moments of 400 mm sigma
Al6063 0 and Al6063-T 5)

Tablo 7. 400 mm sigma profillerin yatak momentleri
(Reaction moments of 400 mm sigma profilles)

X Y 4
AL 6063 0 0 0 0.38308 N.mm
ALG063 T-5 0 0 0.38308 N.mm

3.3 200 mm Sigma Profilin Burkulma Analizi
(Buckling Analysis of the 200 mm Sigma Profile)

Bir malzemenin ani bir sekilde hasar gérmesinin
iki sebebi wvardir. Bunlar, malzeme hasar1 ve
burkulma (yapisal kararsizlik) dir. Burkulmanin
meydana geldigi yiik, yapinin dayanimina degil
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goriildiigii izere sabitlenmis olup Z ekseninden 1 N
yiike maruz birakilmigtir. Bunun sonucunda her bir
malzemenin 4 mod igin kritik yiikleri elde edilmistir
(Sekil 23). Meshleme Sekil 6’da goriildiigi tizere bir
onceki statik yiiklemede kullanilan meshleme ile
ayni olarak yapilmistir. Tablo 8’de her bir mod igin
maksimum kuvvetler goriilmektedir. Denklem 3°den
yararlanilarak analitik olarak kritik burkulma ytikleri
bulunmus ve sonlu elemanlar yontemi ile bulunan
sonuglarla Tablo 8’de karsilastirilmigtir. Her iki
malzeme i¢in Elastisite modiilii (E) 69 GPa, atalet
momenti (1) 2.91x10* mm* ve gubugun boyu (L)
200 mm olarak alimustir.

17,50

_7Z2E| (3)

IDkr _L_i

3.4 400 mm Sigma Profilin Burkulma Analizi
(Buckling Analysis of the 400 mm Sigma Profile)

Ele alinan parca sekil 24’de goriildiigii tizere
sabitlenmis olup Z ekseninden 1 N yiike maruz
brrakilmigtir. Bunun sonucunda her bir malzemede 4
mod i¢in kritik burkulma yiikleri elde edilmistir. 400
mm sigma profilleri icinde analitik ¢dziim
yapilmustir. Analitik ve sonlu elemanlar yontemi ile
elde edilen  kritik  yiikler Tablo 9’da
karsilastirilmistir.

00 (rmm)

52,50

Sekil 22. 200 mm sigma Al6063 0 ve AI6063-T5’in sabitlenme noktasi ve kuvvet uygulanma noktalari (Fixing
point and force application points of 200 mm sigma Al6063 0 and Al6063-T5)

MOD1 MOD 2

MOD 3 MOD 4

il

Sekil 23. 200 mm sigma Al6063-0 ve T-5’in burkulma modlar1 (Buckling modes of 200 mm sigma Al6063-0 and T-5)
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000 5000
25,00 75,00

100,00 (mm)

Sekil 24. 400 mm sigma profilin sabitlenme noktasi ve kuvvet uygulanma noktalart (Fixing point and force application
points of 400 mm Sigma profile)

Tablo 8. 200 mm Sigma profillerin kritik kuvvetleri (Critical loades of 200 mm Sigma profiles)

Mod 1 Mod 2 Mod 3 Mod 4
Al6063-0/Ansys 109530 N 111100 N 411430 N 570087 N
Al6063-0 ve T5/Analitik Coziim 115345 N 226075 N 346034 N 461379 N
Al6063-T5/Ansys 108340 N 109910 N 406220 N 564240 N

Tablo 9. 400 mm Sigma profillerin kritik kuvvetleri (Critical loades of 400 mm Sigma profiles)

Mod 1 Mod 2 Mod 3 Mod 4
Al6063-0/Ansys 28493 N 28593 N 232850 N 236410 N
Al6063-0 ve T5/Analitik Coziim 28906 N 56519 N 86719 N 115625 N
Al6063-T5/Ansys 28515N 28916 N 232760 N 235780 N

4. Sonuclar (Conclusions)

Bu ¢alismada robotik kolun uzuvlarini hafifleterek
daha az gii¢ harcanmasi i¢in bir malzeme 6nerilmistir.
Caligmada  Onerilen malzeme davranisi igin
olusturulan sonlu elemanlar modeli uygun bir mesh
yapist ile olusturulmustur. Sonlu elemanlar analiz
sonuglarindan Al 6063-0 ile AlI6063 T-5 deformasyon
ve gerilmelerinin birbirine ¢ok yakin oldugu
goriilmiistiir. Caligma kapsaminda ayrica Burkulma
analizi gergeklestirilmistir. Yapilan analizlerden
Onerilen malzemenin burkulmaya karsi emniyetli
oldugu gosterilmistir. Elde edilen sonuglardan
Al6063-0 kullanilmasi durumunda robotik kolun
uzuvlariin agirhgimin azaldigr ve dolayisiyla maliyet
acisindan ‘da  Onemli bir tasarruf saglandig
goriilmektedir. Calismada sigma profil kullanilmasi
durumunda bu profilin korozyona karg1t direngli
olmasi nedeniyle kaplama veya boyamaya gerek
kalmamakta bdylece buda maliyeti diisiirmektedir.
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