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ABSTRACT

With the intensive work done, deep learning finds many useful areas. However, obtaining a
sufficient amount of data required by deep learning is not always an easy task. To overcome
this difficulty, deep network trainers prefer to develop their datasets by using a set of
algorithms. With the increased amount of data, deep networks can be trained more
successfully. Data augmentation (DA) is one of the most widely used methods of increasing
the amount of data. With DA, the number of sounds and images that a convolutional neural
network (CNN) can classify can be increased. In this study, the number of images belonging
to 6 classes that do not have enough images to train the CNN successfully enough was
increased by DA methods. First, the amount of data was increased by applying three different
DA methods separately and all three together. The original dataset and created datasets in
which DA methods were used are used to train 15 CNNs with different parameters. Then,
their effects on CNN have been investigated. As a result, a success increase of over 5% was
observed by increasing the data.

Evrisimsel Sinir Aglarinin Basarisinin
Artirilmasinda Veri Arttirma Yontemlerinin

Etkisinin Olc¢iilmesi

0Z

Yapilan yogun calismalarla derin 6grenme bir¢ok kullanim alani bulmaktadir. Ancak derin
6grenmenin gerektirdigi yeterli miktarda veriyi elde etmek her zaman kolay bir is degildir.
Bu zorlugun tistesinden gelmek i¢in derin ag egiticileri, bir dizi algoritma kullanarak veri
kiimelerini gelistirmeyi tercih ederler. Artan veri miktari ile derin aglar daha basarili bir
sekilde egitilebilir. Veri artirma (DA), veri miktarin1 artirmanin en yaygin kullanilan
yontemlerinden biridir. DA ile bir evrisimsel sinir aginin (CNN) siniflandirabilecegi ses ve
goriintii sayisi artirilabilir. Bu calismada, CNN'yi yeterince basaril bir sekilde egitmek i¢in
yeterli goriintilye sahip olmayan 6 simfa ait griintii sayis1 DA yéntemleri ile artirilmistir. {1k
olarak, ii¢ farkli DA yontemi ayri1 ayr1 ve ligii birlikte uygulanarak veri miktari artirilmistir.
DA yontemlerinin kullanildig: orijinal veri seti ve olusturulan veri setleri, 15 CNN'yi farkli
parametrelerle egitmek icin kullanilmistir. Daha sonra CNN {izerindeki etkileri

aragtirilmistir.  Sonug¢ olarak veriler artirllarak %5'in lizerinde bir basar1 artisi
gozlemlenmistir.

To cite this article: K. Ucar and H. E. Kocer, “Measuring the Effect of Data Augmentation Methods for
Improving the Success of Convolutional Neural Network,” Gazi Journal of Engineering Sciences, vol. 8,
no. 3, pp. 430-438, 2022. doi:10.30855/gmbd.0705031
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1. Introduction

Today, machines can easily and quickly perform quite different tasks, such as disease detection [1],
object separation [2], face recognition [3], and ripe fruit detection [4]. Machine learning and deep
learning algorithms have a large share for the machines reaching this stage. Compared to machine
learning, deep learning has made a breakthrough in the solution of classification problems with its
emergence [5]. Especially in image classification and pattern recognition areas, the superior success of
convolutional neural networks (CNNs) compared to classical methods is seen [6]. Deep learning makes
it possible to work with a large amount of data compared to machine learning and classify it with higher
accuracy. For this reason, it is a known fact that deep learning algorithms give better results if they
have more data that can be classified [7], [8]. To increase deep learning performance, many different
data are needed [9]-[12]. However, as it is not easy to overcome this difficulty, sufficient data cannot
be obtained to train the classifiers [13]. Especially in fields such as military and medical imaging, it is
not possible to obtain sufficient data due to reasons such as protocol and confidentiality [14]. In
addition, even if it is desired to increase the amount of data through data collection, it may not always
be possible to meet this need because the collected data will start to look similar to each other. At the
same time, collecting large amounts of data and labeling them are both tedious and time-consuming.
For this reason, data replication or data augmentation (DA) [15], [16] is preferred in classification
applications with deep networks where data deficiency is encountered. DA is the process of obtaining
new data with some transformations while preserving the labels of existing data [15]. In [17], since the
images were destroyed in the pre-processing before CNN processing, the decrease in the dataset was
eliminated with the images produced with the Generative adversarial network (GAN). Similarly,
synthetic data was produced by using DA methods to alleviate the class imbalance in [18]. Since DA has
many options and variables, it is important to choose the right method or approach. For this purpose,
which DA method is more suitable for the dataset was investigated in [19]. Otherwise, it will cause the
classifier to misclassify or delay the training process due to the data that does not affect it. Even data
with little or no effect on the classifier increase the training period and are generally harmful to the
user. Another effect of DA on CNN classification is that it improves generalization performance [7], [20],
[21]. Thus, overfitting, which is one of the main problems of artificial intelligence applications, is
prevented. With generalization, the classification success of the deep network is valid not only for
training and test data but also for data that it has never seen.

In this paper, the effect of different DA approaches on deep learning is examined. First, three datasets
were created by applying the traditional DA methods: shifting, rotating, and flipping separately. Then,
by applying these three methods together, another dataset was obtained. The fifth dataset was created
by cleaning the erroneous images that occurred while applying DA. The 15 created deep networks with
different parameters were trained and tested with the original dataset and the datasets produced with
DA. Thus, by comparing DA methods, we showed that DA increases the success of CNN. In addition, the
erroneous images that occurred while applying DA were removed from the dataset, and the effect of
this was demonstrated.

The organization of the rest of the paper is as follows. In Section 2, information about the CNNs and DA
methods used is given. The created datasets are explained in Section 3. Experiments and results are
presented in Section 4. Finally, in the last section, the work is concluded.

2. Material Method

2.1. Structures of convolutional neural networks

Since CNNs are similar to animal systems in terms of topology, the studies of speech and image
classifiers have intensified. One of the reasons why CNN is preferred so much is that it does not need a
feature extraction step on the raw data to achieve high accuracy. Thus, it is possible to work on raw
images. However, since each neuron is linked with all the pixels of the image, it requires high memory
and processing power. Spatial stability in the image is obtained by shared weights [22].

Subsampling, which is a stage of CNNs, is an important method in object recognition, as it helps to
achieve invariance against image disorders. Local connections on neurons in sequential layers take
advantage of spatial dependencies on the image [23]. Connections between layers, convolutional
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layers, and pooling are the basic building blocks of the CNN architecture. Properties at each position in
the input matrix are determined by filters in the convolution layer [24]. By pooling, the dimensions of
the features obtained with the convolution layer are reduced. Thus, the calculation speed is increased,
and the possibility of overfitting is reduced [25]. Maximum pooling divides the image into rectangles
that do not overlap the others and gives the maximum value within the rectangles. Thus, it helps to
reduce the amount of data that needs to be worked by reducing the size of the image. Feature maps are
created by applying the convolution process to the image. The number of filters used determines the
number of feature maps created.

CNNs with different structures were trained to see the effect of the different DA approaches. CNNs with
2, 3, and 4 convolution layers are used. In addition, the performances were examined by changing the
filter numbers that affect the performance of the CNN. 3x3 kernel size filters are used in the convolution
layers. The CNNs used are shown in Fig 1. In each structure, 2x2 max pooling was applied after the first
and second convolution layers. After the third and fourth convolution layers, no pooling was applied.
At the end of the convolution layers, there is a fully connected layer with 128 nodes. The output layer
consists of 6 nodes.

The numbers of filters on the CNN with two convolution layers are 32-32, 64-64, 32-64, 64-96, and 32-
96. The numbers of filters in the CNN with three convolution layers are 32-32-32, 64- 64-64, 16-32-64,
32-64-96, and 64-96-96. The numbers of filters in the CNN with four convolution layers are 32-32-32-
32, 64-64-64-64, 32-32-64-64, 16-32-64-96, and 32-48-64-96.

Convolution 1 Max pooling Convolution 2 Max pooling Convolution3 Convolution 4
(3x3) kemel (2x2) (3x3) kernel (2x2) (3x3) kemel  (3x3) kemel

(_H A A
r A [

g
\\ J
Input Layer1 Layer2 Layer3 Layerd Layer§ Layer 6
(40x40x3) (38x38xn)) (19x19xn)) (17x17xn2) (9x%xn2) (7x7xn3) (5x5xn4)
|
2 Convolution 1
layers CNN
['3 Convolution |
| | layers CNN | |
I 4 Convolution |
layers CNN

Figure 1. 2, 3, and 4 convolution layers CNN architectures (n1, n2, n3, n4 are filter numbers)
2.2. Data augmentation

DA means creating new datasets by modifying the original datasets. Synthetic copies are created after
processing with various techniques. For images, the amount of data is increased by methods such as
flipping, rotation, cropping, shifting, and color tone changes. The other DA methods are used: frequency
masking and scaling for sounds, replacement with synonyms for texts, random word deletion, etc. In
this study, new datasets were created by applying shifting, flipping, and rotating these among the DA
methods.

3. Dataset

The created dataset consists of 6 classes. Classes consist of hand tools, tape, electronic cards, lego,
battery, and plant leaves.

Hand Tool: Clamping hand tools of the gripper type constitute this class. They are images of tools such
as pliers and side cutters of different sizes and colors.

Tape: Tape images were created using different tape types, such as isolated, double-sided, and duct
tape. The classification was made on the circular shapes of the tapes.

Electronic Card: Electronic cards belonging to different electrical circuits were used. As the circuits on
them were different, electronic cards with different elements and sizes were used. Some cards also had
connection cables. Images of the cards were taken from the surface where only the circuit elements are
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seen.

Lego: Random shapes were created using legos as a child’s toy. Four different colors were used: yellow,
red, blue, and green. The lego class was created with the images taken by creating different
combinations in both shape and color.

Table 1. Dataset labels and training-testing image numbers

Number of images

DA methods Dataset label Train Val. Test
- Dataset1 3360 720 720
Only flipping Dataset2 11760 2520 2520
Only rotating Dataset3 11760 2520 2520
Only shifting Dataset4 11760 2520 2520
Flipping, rotating, and shifting Dataset5 11760 2520 2520
Flipping, rotating, and shifting (cleared) Dataset6 11760 2520 2520

Battery: This class consists of images of pen and square batteries belonging to different brands.
Leaf: The leaf was created by viewing the dried leaves of the plane tree. The sizes of the leaves can be
different as well as their openings. In addition, some torn leaves were also used.

The elements of the classes were displayed randomly, not in a fixed position and angle, as seen in the
sample images given in Fig 2. A total of 4800 images were taken, with 800 images originating from each
class. The images taken have 40x40x3dimensions. No special lighting was used for the images, but they
were taken under normal room conditions with sunlight. Images were taken at different hours with
different light intensities during the day. Objects placed on a white surface were imaged with a fixed
distance camera.

&

*

a b c d e f
Figure 2. Original dataset, a) hand tools, b) tape, c) electronic card, d) lego, ) battery, and f) leaf.

DA methods were applied to each image randomly. Since randomness was the foremost factor in
obtaining the original images, rotation, horizontal shifting, vertical shifting, and flipping processes
were also applied to each image randomly to increase the amount of data. To create the augmented
data, we employed the following combinations of DA methods to the images:

. only rotating,

. only horizontal and - or vertical shifting,

. only flipping horizontally and - or vertical flipping,
. rotating, shifting, and flipping.

Thus, four separate datasets were prepared, including 2800 images from each class.

Two problems arise with the process of filling the empty regions when creating new images from the
images of objects that are beyond or close to the borders of the image. Due to these problems, after the
DA methods were applied, some distorted images that do not resemble the real image as in Fig 3 were
also formed. The first problem arises if part of the object is beyond the boundaries of the image and the
image is shifted or rotated from the side where the object is located to the other side. The filling process
is in the color of the object since the regions where no value is assigned by shifting and rotating will be
filled with the boundaries of the object. Thus, an image different from the background is created in the
border region where the object is located. This problem causes the object to appear as it is not actually.
Fig 3(a) and (b) show the distorted samples caused by the filling in the image after the rotation and
shifting process, respectively. The second problem is the disappearance of objects completely or partly.
This problem also arises when shifting or rotating is done toward the edge where the object is located
(Fig 3(c)). Since the images created with such problems will not be healthy for the datasets, they have
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been removed from the datasets. Another dataset was created with the remaining images after the
distorted images were eliminated. New images were produced to replace the deleted images.

t"}'—_‘.‘r

a b c

Figure 3. a) Distorted images that occur during the rotation process, b) incorrect images that occur during the shifting process,
c) images in which all or some object parts are missing

4. Experiments and Result

Since the study was conducted to show the effect of DA on classification, CNNs with the same
parameters were trained and tested with original and increased data. Using the original images, 560 of
the 800 images in each class were used for training, while the test and validation data consist of 120
images separately. In the created dataset, 1960 of 2800 images from each class were used for training,
and 420 images were used for testing and validation.

Table 1 shows the datasets created and the total number of images in the training, validation, and
testing processes. In addition, for the rest of the article, instead of naming the datasets with the related
DA methods, they were used with given labels.

CNNs created for the study have three different numbers of convolution layers: 2, 3, and 4. The best
result is obtained by trying 5 different combinations of filter numbers in each CNN layer. In all CNNs,
the number of nodes in the fully connected layer is 128. As a result, a total of 15 different CNNs were
trained and tested with 6 datasets. Each CNN’s input is 40x40x3, which is the original size of the images.
In Table 2, Table 3, and Table 4, the training and testing accuracy rates of CNNs with two, three, and
four convolution layers for each dataset are presented as percentages, respectively. The results are
given by choosing the highest test accuracy out of 30 epochs.

Table 2. Train-test accuracies of CNNs with two convolution layers.

Number of

. 32-32 32-64 64-64 64-96 32-96
filters
Dataset Val. Test Val. Test Val. Test Val. Test Val. Test
Dataset1 84.32 86.39 84.26 84.31 86.67 87.22 85.69 87.92 84.44 88.06
Dataset2 92.58 91.15 95.44 95.32 93.29 93.10 92.98 93.02 93.02 93.21
Dataset3 94.60 93.85 94.84 94.92 94.56 94.21 95.28 95.08 95.36 95.71
Dataset4 90.00 88.14 93.85 93.85 92.50 92.82 93.02 92.30 92.50 93.81
Dataset5 87.54 89.13 88.10 89.13 89.01 90.08 89.05 91.11 88.89 91.03
Dataset6 92.90 92.86 92.38 94.84 92.09 94.09 93.02 94.29 93.17 93.97

Table 3. Train -test accuracies of CNNs with three convolution layers.

Number of 32-32-32 64-64-64 16-32-64 32-64-96 64-96-96
filters
Dataset Val. Test Val. Test Val. Test Val. Test Val. Test
Dataset1 85.42 87.36 89.17 90.28 84.89 85.42 87.36 89.17 90.28 84.89
Dataset2 93.65 94.56 95.99 96.47 94.92 93.65 94.56 95.99 96.47 94.92
Dataset3 96.98 96.51 97.98 97.26 95.08 96.98 96.51 97.98 97.26 95.08
Dataset4 95.24 96.58 96.35 97.06 95.75 95.24 96.58 96.35 97.06 95.75
Dataset5 91.59 93.37 93.65 95.60 89.33 91.59 93.37 93.65 95.60 89.33
Dataset6 95.48 95.99 96.19 97.18 95.00 95.48 95.99 96.19 97.18 95.00

The best result was obtained in Dataset3 in 2 convolution layer CNNs. In general, the highest success
was achieved with CNN, whose filter numbers were 32 and 96, respectively. In Table 3, it is seen that
the best high accuracy rates are achieved in CNNs with the highest number of filters. It is seen that the
accuracy rates are higher for each dataset according to two convolution layer CNN. In four convolution
layer CNNs, the highest accuracy rate for all datasets was achieved with two combinations. The train's
success has exceeded 99%.
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In Table 5, in order to see the effects of the number of convolutional layers and filters on CNN on
classification, the average of the accuracy rates of all datasets for each CNN is presented.

Table 4. Train -test accuracies of CNNs with four convolution layers.

Number of

filters 32-32-32-32 64-64-64-64 32-32-64-64 16-32-64-96 32-48-64-96
Dataset Val. Test Val. Test Val. Test Val. Test Val. Test
Dataset1 86.25 88.89 90.56 92.50 90.28 86.25 88.89 90.56 92.50 90.28
Dataset2 94.92 95.68 97.86 97.46 96.94 94,92 95.68 97.86 97.46 96.94
Dataset3 96.75 97.22 98.02 97.26 97.86 96.75 97.22 98.02 97.26 97.86
Dataset4 96.31 96.59 97.54 97.98 96.59 96.31 96.59 97.54 97.98 96.59
Dataset5 92.22 92.42 95.71 95.71 94.05 92.22 92.42 95.71 95.71 94.05
Dataset6 95.83 96.83 96.51 96.51 95.91 95.83 96.83 96.51 96.51 95.91

In order to summarize the results of 15 CNNs that were trained and tested according to their datasets,
the average of accuracy rates of all CNNs for each dataset is given in Table 6.

As it can be clearly understood from the tables above, higher training and test accuracy rates can be
achieved by reproducing data with data enhancement methods. It was observed that datasets created
using only one type of DA method (rotation, shifting, or flipping) gave better results in CNN training
and testing compared to the combination of three types of DA (rotation + flipping + shifting) method.
Considering the experimental results of the study, the highest test accuracy rate was reached in the
increased dataset by using the rotation alone. When only one DA method is compared, it is seen that
shifting has the lowest accuracy rate. This is because the shifting process distorts the image.

In the last two lines of Table 2-4, the effect of distorted images in data enhancement methods can be
seen. Although there are fewer images in Dataset6, it gives results close to Dataset5. In two convolution
layer CNNs, the cleaned dataset has a lower accuracy than the uncleaned dataset. This situation
reverses as the number of convolution layers increases. While CNNs with 3 convolution layers have
reached similar accuracy rates for the mentioned datasets, the cleaned dataset gives better results in 4
convolution layer CNNs. However, even the dataset with distorted images reached higher accuracy than
the original dataset.

When the maximum and average test accuracy rates presented in Table 6 are examined, it is seen that
the accuracy rate of the original dataset with a lower number of images varies more depending on the
CNN structure. This leads to the necessity of choosing the appropriate CNN structure for datasets with
low visibility. Although there are distorted images due to rotation in Dataset3, it generally has better
classification success than Dataset2. The reason for this is that it is possible to create images different
from the original with the rotation process. Thus, the distinctiveness of classes increases.

Table 5. Average accuracy rates of all datasets for each CNN

2 convolution Layers 3 convolution layers 4 convolution layers
Number of filters Test Number of filters Test Number of filters Test
32-32 90.25 32-32-32 94.06 32-32-32-32 94.60
32-64 92.06 64-64-64 95.64 64-64-64-64 96.61
64-64 91.92 16-32-64 93.23 32-32-64-64 95.77
64-96 92.29 32-64-96 96.24 16-32-64-96 94.75
32-64 92.63 64-96-96 96.35 32-48-64-96 96.16

Table 6. Averages and maximum accuracy rate for each dataset

Average Max. Accuracy for 15 CNNs
Accuracy for 15
CNNs
Dataset Test Test Number of convolution Number of
layer filter
Dataset1 88.55 92.50 4 64-64-64-64
Dataset2 95.29 97.46 4 64-64-64-64
Dataset3 96.32 98.21 3 64-96-96
Dataset4 95.58 98.25 4 32-48-64-96
Dataset5 93.49 97.30 4 64-64-64-64
Dataset6 95.79 97.42 4 32-48-64-96

It is understood from Table 5 that as the number of convolution layers and filters in the CNN structure
increases, CNN performance increases.
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Table 7. The confusion matrices

Dataset Confusion matrix
2] )
E - .
Classes é E E 5 ED % E
g = i
Hand tools | 0.9547 0.0044 0.0100 0.0056 0.0228 0.0006
Tape | 0.0095 0.8983 0.0206 0.0006 0.0644 0.0167
Datasetl Electronic card | 0.0044 0.0150 0.8389 0.0028 0.0550 0.0839
Lego | 0.0394 0.0261 0.0167 0.8500 0.0678 0.0000
Battery | 0.0033 0.0806 0.0244 0.0033 0.8817 0.0067
Leaf | 0.0017 0.0156 0.0956 0.0000 0.0000 0.8872 |
Hand tools | 0.9857 0.0052 0.0017 0.0013 0.0060 0.0000
Tape | 0.0027 0.9541 0.0027 0.0000 0.0365 0.0040
Dataset2 Electronic card | 0.0017 0.0268 0.8863 0.0000 0.0348 0.0503
Lego | 0.0040 0.0044 0.0003 0.9817 0.0095 0.0000
Battery | 0.0014 0.0400 0.0122 0.0002 0.9449 0.0013
Leaf | 0.0002 0.0135 0.0186 0.0000 0.0033 0.9644 |
Hand tools | 0.9779 0.0044 0.0014 0.017 0.0144 0.0000
Tape | 0.0019 0.9424 0.0040 0.0006 0.0487 0.0024
Dataset3 Electroniccard | 0.0008 0.0097 0.9195 0.0000 0.0379 0.0321
Lego | 0.0011 0.0027 0.0006 0.9881 0.0075 0.0000
Battery | 0.0005 0.0217 0.0035 0.0002 0.9738 0.0003
Leaf | 0.0002 0.0167 0.0154 0.0000 0.0051 0.9627 |
Hand tools | 0.9859 0.0027 0.0014 0.0000 0.0098 0.0002
Tape | 0.0016 0.9283 0.0033 0.0000 0.0625 0.0043
Datasetd Electronic card | 0.0008 0.0125 0.8967 0.0000 0.0360 0.0540
Lego | 0.0046 0.0005 0.0002 0.9868 0.0079 0.0000
Battery | 0.0032 0.0219 0.0040 0.0003 0.9690 0.0016
Leaf | 0.0003 0.0121 0.0156 0.0000 0.0040 0.9681 |
Hand tools | 0.9797 0.0065 0.0013 0.0019 0.0100 0.0006
Tape | 0.0041 0.8922 0.0067 0.0013 0.0895 0.0062
Datasets Electronic card | 0.0016 0.0244 0.8602 0.0000 0.0563 0.0575
Lego | 0.0019 0.0014 0.0003 0.9889 0.0075 0.0000
Battery | 0.0040 0.0425 0.0187 0.0022 0.9316 0.0010
Leaf | 0.0003 0.0171 0.0227 0.0000 0.0032 0.9567 |
Hand tools | 0.9894 0.0016 0.0013 0.0041 0.0037 0.0000
Tape | 0.0073 0.9505 0.0056 0.0011 0.0256 0.0100
Dataseté Electronic card | 0.0021 0.0100 0.9051 0.0003 0.0484 0.0341
Lego | 0.0010 0.0000 0.0000 0.9963 0.0027 0.0000
Battery | 0.0043 0.0316 0.0183 0.0038 0.9417 0.0003
Leaf | 0.0003 0.0087 0.0248 0.0000 0.0016 0.9646 |

Confusion matrices were also used to see the classification success of each class. In the study, instead
of showing 90 different confusion matrices, it was preferred to show the confusion matrices belonging
to each dataset. While calculating these matrices, the results of 15 CNNs tested with a dataset were
collected and normalized. Confusion matrices of datasets are shown in Table 7. The most successfully
classified class is the lego class. The battery class stands out as the class with the lowest classification
success. The most successful classification in Dataset1 belongs to legos. Outside of legos, the highest
rate belongs to leaves with 0.8819. As can be understood from here, Dataset1 is not considered very
successful in terms of classification. It is seen that the battery class has the lowest classification success.
With the data increase in Dataset2, the success of the classification also emerges. The success difference
between the battery class with other classes has been closed with the lowest classification success in
Dataset1. In general, the highest classification belongs to Dataset3. In fact, the lego class was predicted
at 99.93% correctly in Dataset3. Although there are also distorted images in Dataset3 and Dataset4,
higher accuracy was achieved with only the rotation process. With the application of more DA in
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Dataset5, the classification success is lower than Dataset2, Dataset3, and Dataset4. In addition,
Dataset5 has the lowest lego class classification success at 98.78% among all datasets. When confusion
matrixes of Dataset5 and Dataset6 are compared, it is seen that cleaning contributes positively to the
classification rate of hand tool, lego, and battery classes, where the average accuracy of Dataset6 is
lower than Dataset5’s.

5. Conclusion

In this study, the effect of DA methods on the success of deep learning was investigated. In this context,
3 different DA methods were applied to images belonging to 6 different classes. Raw data and datasets
created by DA methods were separately trained on CNN. In order to see the effect of DA independently
from the CNN structure, training and testing procedures were carried out with 15 different CNN
structures. When all test results are examined, it is clearly seen that; a higher classification success was
achieved with the datasets created with DA compared to the raw datasets. Even with unreal images
created due to DA methods, higher success has been achieved than raw data. Thus, the data which does
not sufficient for CNN to reach a high accuracy rate was expanded with the DA method, allowing CNN
to reach a higher classification rate.
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ABSTRACT

In this work, waste casting sand obtained from Seydisehir Eti Aluminum plants was used as
starting material. Silica aerogel was produced by sol-gel method over this supplied material.
As the beginning of the studies, XRD and XRF analyzes were performed on the waste casting
sand, respectively. Thus, the chemical compositions of the starting materials were
determined. Following the analysis studies, sodium silicate solution was obtained from the
waste foundry sand. Then, five different pH values (2, 4, 6, 8 and 9) were applied for the
synthesis studies of silica aerogel. Finally, the appropriate pH value was determined and
silica aerogel modification (Superhydrophobic) was carried out. Characterization studies,
respectively, density measurements, FT-IR analysis, contact angle measurement and SEM
examinations were carried out on the synthesized silica aerogel material. As a result of
applied different pH values and experiments, the formation of silica aerogel content with the
lowest density with pH 8 value was determined.

Atik Dékiim Kum Geri Kazanimu ile Silika Aerojel

Sentezi ve Karakterizasyonu

0Z

Bu calismada Seydisehir Eti Aluminyum tesislerinden temin edilen atik dokiimii kumu,
baslangic malzemesi olarak kullanilmistir. Tedarik edilen bu malzeme iizerinden sol-jel
yontemi ile silika aerojel sentezi gerceklestirilmistir. Calismalarin baslangicinda atik dokiim
kumuna sirasiyla XRD ve XRF analizleri yapilmistir. Boylelikle baslangic malzeme kimyasal
bilesimleri tespit edilmistir. Analiz ¢alismalarini takiben atik dokiim kumundan sodyum
silikat ¢ozeltisi elde edilmistir. Daha sonra silika aerojel sentezleme galismalari icin bes
farkli pH degeri (2, 4, 6, 8 ve 9) uygulanmistir. Son olarak uygun pH degeri belirlenerek
silika aerojel modifikasyonu (Siiperhidrofobik) gerceklestirilmistir. Sentezlenen silika
aerojel malzemede sirasiyla yogunluk élgtimleri, FT-IR analizi, temas acis1 6l¢iimii ve SEM
incelemeleri olmak tlizere karakterizasyon calismalari gerc¢eklestirilmistir. Uygulanan farkl
pH deger ve deneyleri neticesinde, pH 8 degeri ile yogunlugu en diisiik silika aerojel igerigi
olusumu tespit edilmistir.

To cite this article: T. Arkan, H. Gokmese, “Silica Aerogel Synthesis and Characterization by Waste Cast
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1. GlrlS (Introduction)

Son zamanlarda 6zellikle hafifligi ile 6ne ¢ikan aerojeller, alkojel ad1 verilen silika ve etonol igerikli siv1
¢oziiciiden olusan jelin kurutularak kati silika bileseninden sivinin ayristirilmasi islemiyle
tiretilmektedir. Bu malzemenin yiizeyleri cok sayida deliklerden olusmaktadir. Bu deliklerin biiytkligu
milimetrenin milyarda biri kadardir ve delikler malzemeyi bir ag gibi cevrelemektedir. Aerojellerin
kirilgan bir yapiya sahip oldugu bilinmekte ve bu olumsuz 6zelligi teknolojik ilerlemeler sonrasi
giderilmistir. Aerojellerin yapisinin biiyiik ¢cogunlugu havadan olusmaktadir. Bu 6zellik aerojellerin
hafif ve seffaf bir malzeme olmasini saglamaktadir [1]. Giiniimiiz teknolojisinde aerojeller; uzay ve
havacilikta 1s1 yalitimi, akustik yalitim, bina, katalizor, endiistriyel alanlar, yakit hiicreleri, spor
ekipmanlari, tekstil ve kimyasal sensor gibi birgok uygulama alaninda kullanilmaktadir. Aerojeller
birgok farkli formda yer alabilmektedir. Bunlar sirasiyla graniil, monolit, levha ve kece gibi belirtilebilir.
Aerojel graniilleri ve monolitler sol-jel yontemiyle sentezlenirken, aerojel kece ve levhalar fiber,
pargacik ve opaklastiricilarin takviyesi ile iiretilir. Graniil ve monolit aerojelin kirilgan yapisi nedeniyle,
uygulama alani sinirhdir. Kirilganhigi azaltip, mekanik biittinltigi iyilestirmek icin, aerojeller genellikle
destekleyici fiber yapilarla giiclendirilir ve bu nedenle esnek 1s1 yalitim kegeleri olarak kullanilabilir

[2].

Cogunlukla karsimiza c¢ikan silika aerojeller, kendine 6zgii gozenek yapisi ile hidrolik aktive
gostermemekle birlikte yiiksek miktardaki hava bosluklarina ragmen kati iskelet yapilarint muhafaza
edecek sekilde iiretilmektedir. Bu malzeme son zamanlarda diinyada en hafif malzeme tiirii olarak aday
potansiyeli olusturmaktadir. Ozellikle ¢imento icerikli bilesimlerde kullanilmas:i giderek 6én plana
cikmaktadir. Boylelikle bu malzemelerin kullanildifl ¢alismalar, termal veya akustik yalitim
performanslarinin iyilestirilmesi odakli olabilmektedir. Bilhassa silika aerojeller %99.8 gibi yiiksek
gozenek hacmine sahip olmalarinin yani sira kendi agirliklarinin neredeyse 1600 kat1 kadar yiik tasima
kapasitesine sahiptirler. Par¢acik yogunluklar1 dikkate alindiginda, hava parcaciklarina nazaran 4 -5
kat daha yiiksek oldugu bilinmektedir. Alkali- aktive edilmis har¢ uygulamalarinda silika aerojellerin
diistik takviye iceriklerinde kullanimina yonelik yapilan calismalarin sinirli oldugu dikkat gekmektedir.
Ozellikle esit aktivatér oram icin uygulanan karisimlarda uygun seviyelerde artan aerojel icerigi
sonrasi az da olsa dayanim degerinde bir artis olusturdugu goriilmektedir [3,4]. Silika aerojeller, ilk kez
1930’ lu yillarda S. Kistler tarafindan iiretilmistir. Ik zamanlarda otomotiv, elektronik, giyim, kimya
gibi farkli uygulama alanlarinda kullanilmiglardir. Ancak sonraki dénemlerde yiiksek miktardaki
yalitim o6zellikleri sebebiyle ¢imento igerikli yap1 malzemelerinin iiretiminde ¢ogunlukla uygulama
bulmustur. Silika aerojeller, 500-1200 m2 /g yiiksek yilizey alanlari, 0.003 g/cm3 diisiik yogunluklari,
%99.8’ varan yiiksek poroziteleri ve 0.005 W/(m.K) gibi oldukga diisiik termal iletkenlik katsayilari ile
diinyanin en hafif katisi olarak tanimlanabilmektedir [5]. Silika aerojeller basit, ekonomik ve etkili bir
yontem olarak bilinen sol-jel yontemi ile elde edilebilmektedir. Bu yontem ¢ozelti olusturma ve
jellesme, yaslandirma, kurutma, yogunlastirma olmak tizere 4 basamakta gerceklestirilmektedir [6].
Silika aerojeller sentez sirasindaki kosullara bagh olarak hidrofilik (su sevme) veya hidrofobik (su
sevmeme) olabilirler. Malzemenin hidrofobikligi temas a¢isina bakilarak ol¢iilmektedir. Temas agis1
90%den kiiciik olan yiizeyler hidrofiliktir, su ylizeyde yayilim gosterir. Temas acis1 90° ile 150°
arasinda olan yiizeyler hidrofobiktir, su yiizeyde damlacik halinde kalir, yayilim gostermez. Temas agisi
150°den biiyiik olan yiizeylerse siiper hidrofobiktir. Hidrofobiklik 6zelligi; silika aerojelin nemli ve
1slak ortamlardaki suyu iterek korumaktadir [7].

Ulkemizde yer alan dékiim sektériiniin zenginligi, Tiirkiye’nin metal dékiim iiretiminde diinya capinda
oldukca biiylik 6nem arz etmektedir. 1 ton dokiim i¢in yaklasik 4 - 5 ton dékiim kumu gerekmektedir
ve sisteme eklenen dokiim kumu tekrar degerlendirilerek silis kaynagi olarak kullanilmaktadir [8].
Dokiim isleminden sonra olusan atik dokiim kumlarinin miktarindaki artislar, atik dékiim kumlarinin
yeniden kullanilmasi konusunda yeni arastirmalar yapmaya yoneltmistir [9]. Bu ¢ercevede dokiim
teknolojisi girdisi olan atik dokiim kumlarinin farkli uygulama alanlarindan bir tanesi de sol jel yontemi
ile malzeme sentezi odaklidir [10]. Bunlardan son zamanlarda ¢ogunlukla silika aerojel dikkat ceken
malzemeler olarak karsimiza ¢ikmaktadir [11-16]. Bu malzemenin sol jel yontemi ile sentezleme
calismalarinda, jellesme ile soldan jele gecisi siirecini icermektedir. Jellesme siiresi, jellesme icin sola
eklenen katalizor (HCI) miktarina baglidir. Solun pH degerindeki artis, yogunlasma reaksiyonlarinin
hizlarini ve sonug olarak silika kiimelerini arttirir. Diistiik pH araliginda (1-2) silika parcaciklari pozitif
yuklidir ve birbirlerini iterler, boylece en uzun jellesme siiresine sahiptirler. pH 5’'ten 8’e kadar olan
degerde silika sollarinin jellesmesinin basladi1 yerde silika pargaciklari negatif ytklidir ve
birbirlerini iterler. Bu pH araliginda viskozite degerinin artmasi ile jellesmeyi gerceklestirmektedir
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[17,18].

Yapilan bu ¢alismada kum ddkiim teknolojisinde ¢ogunlukla atik dékiim kumu olarak karsimiza ¢ikan
bu kumun geri doniisiimii ve sol-jel yontemi ile silika aerojel sentezi gerceklestirilmistir. Béylelikle bu
yontemde farkli pH degerleri kullanilarak sentezlenen silika aerojel toz malzemesinin iiretimi ve
karakterizasyon ¢alismalari ger¢eklestirilmistir.

2. Deneysel Calismalar (Experimental Studies)

Silika aerojel malzemesinin sol-jel yontemi kullanilarak sentezlenmesi amaciyla, kum dokim
teknolojisi atik dékiim kumu (Eti Aluminyum Uriinii) kullanilmistir. Baglangic malzemesi kimyasal
bilesimi i¢in sirasiyla XRF ve XRD analiz ¢alismalar1 yapilmistir. Daha sonra sodyum silikat ¢ozeltisi
elde edebilmek amaciyla ¢alismalar yapilmistir. Bu amag i¢in ilk olarak, geri doniisiim olarak kullanilan
atik dokiim kumunun saflastirma islemi saf su ile manyetik karistiricida karistirma islemi sonrasi
gergeklestirilmistir. Daha sonra karigim igerisine pH 1 olana kadar 1M HCl ilave edilmistir. Hazirlanan
sulu ¢ozelti 80 2C’de 2 saat siire ile 1siticili manyetik karistiricida karistirilmistir. Bu islemin hemen
akabinde karisim siyah bant stizge¢ kagidindan siiziilip saf su ile yikanmistir. Yikama islemi
tamamlandiktan sonra, etiivde 105 2C’de 1 giin kurutulmustur. Kurutulmus geri dontisiim atik dokiim
kumu igerisine NaOH eklenerek bir ¢ozelti elde edilmistir. Hazirlanan bu ¢ozelti 250 2C’de 2 saat
otoklavda reaksiyon gerceklesmesi bakimindan bekletilmistir. Boylelikle reaksiyon sonunda elde
edilen karisim siizge¢ kagidindan siiziiliip ana ¢ozeltiden ayrilarak sodyum silikat elde edilmistir (Sekil

1).

|

m

Y
b e

Sekil 1. Sodyum silikat ¢ozeltisi (Sodium silicate solution)

Hazirlanan ¢dzeltiler dinlendirildikten sonra silika aerojel sentezi i¢in kullanilmistir. Silika aerojel
iretimine pH degerinin etkisini incelemek i¢in 2, 4, 6, 8, 9 olmak iizere 5 farkli pH degeri taranmistir
(Sekil 2). 10 ml sodyum silikat ¢ozeltisinin iizerine 1M HCl eklenerek balikli manyetik karistiric
yardimiyla pH'’1 sirasiyla 2, 4, 6, 8, 9 olmasi saglanmistir. Hazirlanan bu numuneler 25°C’de 24 saat
bekletilmistir ve boylelikle jellesme islemi tamamlanmasi saglanmstir.

Sekil 2. Cesitli pH degerlerine sahip sodyum silikat ¢ozeltileri (Sodium silicate solutions with various pH values)

Yaslandirma islemi i¢in, jellesme islemi tamamlanmis olan numunelerin biinyelerindeki suyu
uzaklastirmak icin 50°C'de 24 saat boyunca etiivde bekletilmislerdir. Yaslandirma asamasinda
numunelerin herbirine 4 ml etanol ilave edilmistir. Yaslandirma asamasindan sonra numuneler
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kurutmaya alinmistir. Numuneler 50°C’de 24 saat siireyle etiivde sabit kurutulmustur. Sentezlenen
aerojellerin yapisinda bulunan tuzlari uzaklastirmak amaciyla saf su ile yikama gerceklestirilmistir ve
105°C’de 24 saat boyunca kurutulmustur.

Sol-jel yontemi ile silika aerojel parcaciklarinin sentezlenmesi amaciyla, Tablo 1’de belirtilen ¢alisma
parametreleri kullanilmistir. Belirtilen calisma parametreleri dogrultusunda geri doniisiim atik dokiim
kumu kullanilarak, sentezleme ¢alismalari i¢in hazir hale getirilmistir.

Tablo 1. Geri doniisiim atik dokiim kum igerigi ile aerojel liretim parametreleri (Aerogel production parameters with recycling waste
casting sand content)

pH Yaslandirma sicakhigi (°C) Yaslandirma siiresi Kurutma tipi
(saat)
2
4
6 50 24 500C’de sabit kurutma
8
9

Silika aerojel malzemesi sentezleme ¢alismalarina bagh olarak, malzeme kristalografik 6zelliklerinin
tespiti amaciyla X-1s1m1 kirmnimi (XRD) analizi ¢alismalar: gergeklestirilmistir. Silika aerojel yapisinin
tanimlanabilmesi acisindan bag yapisi tespiti amaciyla Fourier doniisiimii infrared spektrometresi (FT-
IR) ¢alismalar1 yapilmistir. Ayn1 zamanda farkli pH parametrelerine bagh olarak silika aerojel
malzemesinin yogunluk 6l¢iimleri gerceklestirilmistir. Silika aerojel malzemesinin yogunluk dl¢iimleri
numunelerin kiitle / hacim oranlari tespit edilerek hesaplanmistir. Geri doniisiim atik dokiim kumunun
TMCS ile (chlorotrimethylsilane) yiizey modifikasyon calismalari gerceklestirilmis sonrasinda
numunenin siiper hidrofobikliginin tespiti icin Temas Agisi 6l¢limii yapilmistir. Son olarak sentezlenen
silika aerojel toz formundaki malzemenin sekil ve morfolojisi bakimindan, SEM (taramali elektron
mikroskobu) incelemeleri ile karakterizasyon calismalari yapilmistir.

3. Deneysel Sonu(,‘lar (Experimental Results)

Baslangic malzemesi olan geri doniisiim atik dokiim kumunun kimyasal bilesimi ve faz tayini sirasiyla
XRF ve XRD analizleri kullanilarak belirlenmistir. Tablo 2’de verilen XRF analiz sonucuna gore atik
dokim kumunda %89 oraninda silika icerigi tespit edilmistir. Ayn1 zamanda eser miktarlarda diger
kimyasallarin yer aldigi goriilmektedir. Sekil 3’teki uygulanan XRD analiz sonucu incelendiginde geri
doniisiim atik dokiim kumunun yapisinda (SiOz, PDF no: 01-070-7344), demir oksit (Fe203, PDF no: 00-
040-1139) yer aldig1 goriilmektedir.

Tablo 2. Atik Dokiim Kumuna Ait XRF tablosu (XRF table of Waste Casting Sand)

Numunenin Ad1 Si02 Al203 MgO Ca0 Fe203 Naz0 K20 P20s

Atik Dékiim Kumu 89.00 2.07 3.33 0.29 2.04 - 0.13 -

Si02

|
EY @ £ © n

2-Theta - Scale
Sekil 3. Geri doniigiim atik dokiim kumu XRD analizi (XRD analysis of recycling waste casting sand)

20154159
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Mermer ve ark. Ultrason destekli sol-jel yontemi ile kumdan aerojel sentezi iizerine gerceklestirdikleri
benzer bir ¢alismada, SiO2 yapisinin en siddetli pikinin benzer 28 mesafesinde olustugunu ifade
etmislerdir. Bu baglamda XRD analiz yapilan geri doniisiim atik dokiim kumunda benzer 26
mesafesinde pik verdigi belirlenmistir [12]. Geri doniisiim atik dokiim kumu kullanilarak fakli pH
degerlerleri ile silika aerojel iiretiminde tiim parametreler sabit tutularak pH degerinin etkisi
incelenmistir. Sekil 4’teki silika aerojel toz malzemesinin yogunluk grafigi incelendiginde, en diisiik
yogunluk (0.39 g/cm3) pH 8 degeri ile tespit edilmistir.

0,7

0,6 &

e N
N

e
wn

o
IS

o
w

Yogunluk (g/cm3)

o
)

o
i

2 4 6 8 9
pH

Sekil 4. Farkli pH degerleri ile yogunluk sonuglari (Density results with different pH values)

Optimum pH 8 degeri ile elde edilen silika aerojel toz malzemesinin FT-IR analiz sonucu $ekil 5’ te
gosterilmistir. FT-IR analiz sonucu incelendiginde, yaklasik olarak 3300cm-1 ve 1600cm-! bolgelerinde
yapticerisinde fiziksel olarak nemden/sudan kaynakl olarak O-H absorbsiyon bantlari/titresimlerinin
yer aldig1 goriilebilmektedir. Ayni zamanda 440cm-! civarinda Si-O-Si titresimlerinin yani sira 2900cm-
14,1050 cmt ve 800-850cm ! civarinda TMCS'nin yapiya baglanmasi sonrasi ortaya ¢ikan Si-C ve Si-CH3
absorpsiyon bantlar1 gézlemlenmistir. Buda sentezlenen silika aerojel toz malzemesinin suyu iten
oOzellikte yani hidrofobik oldugunu gostermektedir. Ayni malzeme {lizerine uygulanan XRD analiz
sonucu ise Sekil 6’ da gosterilmistir. Sekil 6’ da verilen geri doniistim atik dokiim kumundan tretilen
silika aerojelin XRD analiz sonucu degerlendirildiginde, silika aerojel malzemesinin amorf yapida
oldugu goriilebilmektedir. Bu baglamda literatiirle uyumlu olarak 26 = 24°’de amorf yapidaki silisyum
pikinin yer aldig1 tespit edilmistir [12,19,20]. Ayn1 zamanda farkli bir safsizlik veya kirlilik bakimindan
herhangi bir fazinda yer almadigi belirlenmistir.
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Sekil 5. Stiper hidrofobik silika aerojel FT-IR spektrumu (FT-IR spectrum of super hydrophobic silica aerogel)
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Sekil 6. Stiperhidrofobik silika aerojel XRD analizi (XRD analysis of superhydrophobic silica aerogel)

Geri doniisiim atik dokiim kum igerigi kullanimi sonrasi sentezlenen silika aerojel malzemesinin TMCS
ile ylizey modifikasyonu sonucu ve toz malzeme genel goriinimii verilmistir (Sekil 7). Sekil 7a’ da
verilen temas agis1 6lglimii incelendiginde, silika aerojel numunesinin temas agis1 1502den biiyiik
olarak 6l¢iilmiistiir. Bu nedenle su damlacif yiizeyden akarak uzaklasmistir. Bu deger geri doniisiim
atik dokiim kumundan {retilen silika aerojel numunesinin sliper hidrofobik 6zellikte oldugunu
gostermektedir. Deneysel calismalar dogrultusunda sentezi ve karakterizasyonu tamamlanan silika
aerojel malzeme toz gorseli incelendiginde (Sekil 7b), silika aerojel malzemesinin pudramsi formunda
oldugu goriilmektedir. Ayni zamanda diisiik mikronize boyutlarinda bulundugundan, silika aerojel toz
malzemesinin topaklanma/kiimelenme egiliminde oldugu da ayrica goriilmektedir.

Sekil 7. Silika aerojel malzemesinin; a) Siiperhidrofobik silika aerojelin temas agisi, b) Genel goriinimi
(Silica aerogel material; a) Contact angle of superhydrophobic silica aerogel, b) General view)

Silika aerojel toz malzemesinin sekil ve morfolojik agidan degerlendirilmesi i¢in elde edilen SEM mikro
yap1 goriintiisii Sekil 8’ de gosterilmistir. SEM mikro yap1 goriintiisii incelendiginde, tozlarin diizensiz
sekil ve morfolojisine sahip oldugu goriilebilmektedir. Sentezlenen silika aerojel toz malzemenin
cogunlukla ¢ok kiigiik boyutlarda (<10um) oldugu belirlenmistir. Ozellikle kiigiilen toz boyutuna bagh
olarak tozlarda kiimelenme egilimi/agglomerasyon olusumlar1 goriilebilmektedir. Bu durumdan
kaynakli olarak bazi bolgelerde toz tanelerde irilesme oldugu tespit edilmistir.

Sol-jel yontemi kullanilarak atik dokiimii baslangi¢c malzemesi ile iiretilen silika aerojel malzemesinin
pargacik boyut analiz sonucu Sekil 9" da verilmistir. Sekil 9’ da verilen parc¢acik boyut analiz sonucu
incelendiginde, silika aerojel malzemesinin ortalama pargacik boyutu d(0.5) = 9.811um olarak
Ol¢lilmiistiir. Bu 6l¢lim sonucu numune hacminin %50’sinin 9.811pum pargacik boyutundan daha kiigiik
oldugunu tanimlamaktadir. Sekil 8 de verilen SEM goriintiisiinden de anlasilacag: lizere pargacik
boyutunun oldukga kii¢iik oldugu ve neredeyse nano mertebeye yakin oldugu dogrulanmistir.
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EHT = 3.00 kV Signal A = SE2
WD = 7.4 mm Mag= 1.00KX

Sekil 8. Silika aerojel malzemesinin SEM goriintiisii (SEM image of silica aerogel material)

d(0.1):  2.558 um d(0.5): 9.811 um d(0.9): 29.576 um
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Sekil 9. Silika aerojel parc¢acik boyut analizi (Silica aerogel particle size distribution)
4, Sonut,‘lar (Conclusions)

Geri doniisiim atik dokiim kumu kullanilarak son zamanlarda hafifligi ve istiin 6zellikleri ile dikkat
ceken silika aerojel malzemesinin sol-jel ydontemi ile sentezi ve karakterizasyonu gergeklestirilmistir.
Bu calismalardan elde edilen bulgular asagida 6zetlenmistir;

Ulkemizde sanayinde yaygin olan kum dokiim teknolojisi bakimindan, ¢ogu dékiimhanelerde atik
olarak yer alan dékiim kumunun kullanimi sonrasi silika aerojel malzeme {iretimi basarili bir sekilde
gergeklestirilmistir. Geri doniisiim atik dokiim kumunda SiOz faz yapisi ve %89.00 olarak kimyasal
bilesimi tespit edilmistir. Son zamanlarda hafifligi ile 6n plana ¢ikan ve Sol-jel yontemi ile
siiperhidrofobik 6zellige sahip silika aerojel malzeme, en diisiik yogunluk degeri 0.39 g/cm3 olarak 8
pH degerinde elde edilmistir. FT-IR spektrumu ile silika aerojel sentezi bakimindan, Si-C, Si-O-Si ve Si-
CHs temel absorpsiyon bantlarinin varlig tespit edilmistir. Ayrica XRD analiz sonucu ile amorf yapidaki
silika aerojel ve temel olusum pikleri belirlenmistir. Stiperhidrofobik malzeme sentezi ile dogrudan
iliskili olarak, silika aerojel malzemesinin temas agis1 1502'den biiyiik olarak él¢tilmiistiir.
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ABSTRACT

Keywords: Muzzle When firearms are fired by a user, high-looking flames are formed at the muzzle end. High
Devices, Flash Hider, flame appearances have serious harms, especially in night use of firearms. The resulting
Silencer, Muzzle Brake flames can blind the user and cause enemy forces to reveal the user's position. For these
. ) and other reasons, devices attached to the muzzle of firearms have been developed. The
~ Kirikkale Universitesi, most commonly used muzzle devices are muzzle brakes, silencers, and flame suppressors.

Fen Bilimleri Enstitiisii,

Savunma Teknolojileri Anabilim dali, In the study., 1ntern.al ﬂow. anallyzes were made by de'SIgnlr}g. three different ﬂa¥ne
71100, Kirikkale, Tiirkiye concealers with special functions in order to increase the night vision of the user and hide
Orcid: 0000-0002-6573-3681 his position, especially during night use. Afterwards, the prototypes of the models were

e mail: h.ozaslan.7 @gmail.com

produced in a 3d printer. Using the traditional design method, three different flame-hiding

b . models with special structures and functions to be used in 7.62 mm calibers were designed
Kirikkale Universitesi,

KMYO, with SolidWorks and internal air flow analyzes were made with SolidFlow. Prototypes of
Makine ve Metal Teknolojileri Bolimi, the designed models were produced with a three-dimensional printer. As a result of the
71100, Kirikkale, Tiirkiye analyzes made, Atabey Multi-Function Flash Hider minimizes the flame appearance after

Orcid: 0000-0002-9332-2054 L . . c . . s
the barrel explosion, increasing the night vision of the user and hiding his position. It can
*Corresponding author: cut wires with its special design, and it can also be used for one-on-one defense against
h.ozaslan.7@gmail.com enemy forces with its cutting and piercing structure. With the added special functions, it

has been hiding a unique flame in its field.

Alev Gizleyen Tasarimlarinin ic Akis Analizi ve
Prototip Imalati

0Z

Atesli silahlarin bir kullanici tarafindan ateslenmesiyle namlu ucunda yiiksek goriiniimli
alevler olusur. Atesli silahlarin 6zellikle gece kullanimlarinda yiiksek alev gériintimlerinin
ciddi zararlar1 vardir. Olusan alevler, kullanicin gézlerini kor edebilir ve diisman kuvvetler
tarafindan kullanicinin konumunun acik edilmesine neden olurlar. Baglica bu ve diger
nedenlerden dolay atesli silahlarin namlu ucuna takilan cihazlar gelistirilmistir. Namlu
ucu cihazlarindan en yaygin olarak kullanilanlari ise namlu frenleri, susturucular ve alev
gizleyenlerdir. Yapilan calisma da ozellikle gece kullanimlarinda kullanicinin gece
gorisiinii artirip, konumunu gizlemek icin ve icerisinde 6zel fonksiyonlarda bulunan ti¢
farkli alev gizleyen tasarlanarak i¢ akis analizleri yapilmistir. Sonrasinda modellerin
prototipleri 3d yazicida imal edilmistir. Geleneksel tasarim yéntemi kullanilarak 7.62 mm
kalibrelerde kullanilmak tizere 6zel yap1 ve fonksiyonlari bulunan ti¢ farkl alev gizleyen
modeli SolidWorks ile tasarlanarak SolidFlow ile i¢ hava akis analizleri yapilmistir.
Tasarlanan modellerin, li¢ boyutlu yazici ile prototipleri imal edilmistir. Yapilan analizler
neticesinde Atabey Cok Fonksiyonlu Alev Gizleyen ile namlu patlamasi sonrasinda olusan
alev goriinimi en fazla minimize edilerek kullanicinin, gece goriisii artirihir ve konumu

Anahtar Kelimeler: Namlu gizlenir. Ozel tasarimu ile telleri kesebilir, kesici ve delici yapisi ile diisman kuvvetlere karsi
Cihazlari, Alev Gizleyen, birebir miidafaa da kullanilabilir. Eklenen 6zel fonksiyonlar ile alaninda essiz bir alev
Susturucu, Namlu Freni gizleyen olmustur.

To cite this article: H. Ozaslan and M. Bozdemir, “Internal Flow Analysis and Prototype Manufacturing
of Flash Hider Designs,” Gazi Journal of Engineering Sciences, vol. 8, no. 3, pp. 447-456, 2022.
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1. Glrl$ (Introduction)

Devletimizin farkli devletlere 6zellikle savunma sanayisinde olan bagimlilig: biiyiik oranda azalmistir.
Elektrik, su ve buhar gibi kuvvetlerin degerlendirilmesi ile beraber baslayan teknolojik gelismeler, son
zamanlarda 6nemli dlciilerde liretimler ve imalatlar yapilmasina olanak saglamistir. Ulasim, saglik ve
makine gibi sektorlerine ek olarak savunma sanayi sektorii de bu teknolojik gelismelerden énemli
Olciide tizerine diiseni almistir. Mithimmat, robot, silah, ve insansiz arag¢lar savunma sanayinin baslica
konular1 olarak adlandirilmaktadir. Devletlerin savunma alaninda yaptig1 ¢alismalar, giiniimiiz
kosullarinda iilkelerin ana fonksiyonu olarak kabul edilmesi dngoriilmektedir. Devletlerin savunma
sanayi konularinda yapmis olduklari projeler, devletlerin kalkinmalarinin devamliligi ve devletlerin
kaynaklarinin gergek alaninda degerlendirilmesinin devlet giivenligine olan 6nemli etkileri ile basi
cekmektedirler. Gelisen insanl ve insansiz teknoloji ile birlikte silah sistemlerinde de olumlu yénde
ciddi gelismeler olmaktadir [1].

Devletlerin kendi olanaklari ile liretemedikleri savunma sanayi malzemelerini ve iirtinlerini farkl
devletlerden temin etmek istemektedirler. Bu durumlar ile talepte bulunan devletler hem kendi iilke
ekonomilerine ciddi derece de biiyiik para kayiplarina neden olurlar hem de bu talep ile talep edilen
devlete mecbur olarak bagiml hale gelirler. Boylesi durumlarsa ister istemez diger devletin olasi
yaptirimlari ve anormal istekleri kacinilmaz olmaktadir. Devletlerini, diger tilkelere bagimli hale getirip
onlarin hem ekonomik olarak hem de siyasal olarak daha giiclii olmasini isteyen arastirmacilara 6nemli
Olciide gorevler diismektedir[2].

Ozellikle son zamanlarda tasarimlari orijinal olan ve miihendislik calismalarina sahip olunan malzeme
ve parcalari artirma asamasina gecilmis, milli ve yerli projeler sistemin icine dahil edilmistir. Bilahare
son zamanlarda imalat doneleri, analiz ve tasarim bilgileri ile gerekli donelere sahip olunmasiyla
birlikte kendimize 6zel iiriinler ortaya ¢ikacak, miihendislik calismalarina ve savunma sanayine gercek
destekler iste o0 zaman yapilabilmektedir[3].

Devletimizin savunma politikasi olarak 6zellikle son yillarda Tiirk Silahli Kuvvetleri’'nin gerekli ihtiyaci
olan arag, gereci mithimmat ve silahlarin projelerini yerli ve milli projelerde gelistirerek hazirlayan ve
sonrasin da imal etme ¢abasi iizerinde bilahare 6nemle durulan ana konularin basinda gelmektedir [4].

Cinliler tarafindan icat edilen barutun kullanilmaya baslanmasiyla birlikte gerceklesen namlu
patlamasiyla olusan alev goriiniimii ve duman problemi kullanicilarda sikintilara yol agmistir. Kullanici
tarafindan ategsli silahin ateslenmesi kara barutun yanmasina neden olur. Sonrasinda ise bu yanmaya
alev parlamalari, kivilcimlar ve hem kullaniciy1 hem de hedefi esir alan beyaz dumanlar eslik eder. Bu
problemler Kkisileri ve devletleri bir ¢6ziim aramaya itmistir. ilk zamanlar da Almanya bu konunun
lizerine gidip bir alev gizleyen tasarlayip otomatik silahlarda kullanan ilk devletlerden olmustur [5].

Farkli ve daha kisa namlulu silahlarin sisteme dahil edilmesiyle namlu patlamasi sonrasinda olusan
yilksek alev goriiniimleri 6zellikle gece kullanimlarinda kullaniciya ciddi sorunlar yaratmistir. Bu
sorunlarin baslicalarini ategli silahin ateslenmesiyle namluda olusan yiiksek alev goriiniimlerinin
kullaniciy1 6zellikle gece rahatsiz ederek kor olmasina ve diisman kuvvetler tarafindan konumunun
acik hale gelmesi ceker [6].

Namlu ucu cihaz olan alev gizleyenler, 6zellikle II. Diinya Savasi'nin sonlarinda ve daha sonrasinda
saldin tiifegi tasarimlarinda yayginlasmistir ve bugiin tabiri caizse tiim saldir1 tiifeklerinde kullanilan
evrensel bir duruma gelmistir [7].

Alev gizleyenler farkli isimler ile de adlandirilmaktadir. Bunlarin baglicalari, alev konisi, alev korumasi
ve alev eliminatdriidiir. Bu namlu ucu cihazlarn ategli silahin ateslenmesi ile olusan alev topunu
minimize etmek icin 6zel olarak tasarlanmislardir[8].

Namlu ucuna takilan alev gizleyenler kullanicilar i¢in ciddi avantajlar saglamaktadir. Namlu
patlamasiyla olusan yiliksek goriniimlii alevin absorbe edilerek kullanicinin 6zellikle gece
operasyonlarinda kullaniciya iistiin gece goriisii saglamasinin yaninda diisman kuvvetlere konumunu
acik etmeyerek bir tUstiinliik daha saglar. Eklenen 6zel fonksiyonlar ile tel kesme, kap1 kirma, namlu
frenlemesi gibi Ustiinliiklerde saglar. Ekstra saglamis oldugu agirlik ve diisme, carpma gibi etkilerle
zarar gormesi ise dezavantajlarindandir [9].
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Namlu frenleri ile alev gizleyenler genellikle karistirilmaktadirlar. Her ikisi de ayni yere monte edilirler.
Fakat zaman zaman her ikisi de birbirinden ¢ok farkhidir. Alev gizleyenler namlu patlamasiyla olusan
alev goriiniimiint absorbe ederken, namlu freni ise namlu patlamasi sonrasinda olusan ytiksek geri
tepeyi azaltmaktadir. Alev gizleyenler gibi alevleri absorbe etmek yerine daha fazla aleve neden olurlar
[10].

Yapilan arastirmalar ve incelenen calismalar neticesinde, ikinci Diinya Savasi'ndan bu yana alev
gizleyenler lizerinde ¢ok ilerleme kaydedilmistir. Bastirici olarak katki maddelerinin yani sira, namlu
agzi frenleri ve patlama reflektorlerinin alev lizerinde bir miktar etkisi oldugu ortaya ¢ikmistir. Bu
gozlem, namlu agzinin patlamasi ve parlamasinin mekanigini 6grenmeye yonelik organize girisimlere
yol agmistir. Bugline kadar onemli miktarda veri toplanip, cesitli derecelerde basar ile gesitli
tasarimlarda mekanik alev gizleyiciler ve alev baskilayicilar gelistirilmistir. Bununla birlikte, mekanik
veya kimyasal olarak verimli, pratik bir alev gizleyen elde etmek i¢in hala ¢ok fazla ilerlemeye ihtiyac¢
vardir [11,12].

Bu ¢alismalar kapsaminda yerli ve milli piyade tiifegi MPT-76’ ya gore namlu patlamasi sonrasinda
ortaya cikan alev goriintiisiinii minimize eden, cok fonksiyonlu ve gelistirilmis alev gizleyen tasarimlari
bilgisayar destekli tasarim programlarindan SolidWorks kullanilarak tasarlanmis ve i¢ akis analizleri
SolidFlow ile yapilarak segilen optimum modelin, ii¢ boyutlu yazic1 Zortrax firmasinin iirettigi M200
modeli ile prototipi imal edilmistir.

2. Malzeme ve Metot (Material and Method)

Yapilan calismada yerli ve milli piyade tiifegi MPT-76’ ya gére namlu patlamasi sonrasinda ortaya ¢ikan
alev goriintiisiinii minimize eden, ¢cok fonksiyonlu ve gelistirilmis alev gizleyen tasarimlari yapilmistir.
Alev gizleyenlerin malzemesi, dayanikli olmasi i¢in gercekte iiretilecegi zaman paslanmaz celik veya
titanyumdan olmasi ve malzemesinin lizerine bir kaplama yapilarak alev gizleyeni korozyona,
asinmaya ve 1sitya karsi ¢ok daha iyi korunur hale getirilecegi 6ngorilmistiir. MPT-76 namlusuna
uyacak sekilde tasarlanan alev gizleyenler, namlu patlamasi sonucu olusan alev goriiniimiinii minimize
eden icerisinde yeterli odaciklar1 barindiran 6lgiilerde tasarlanmistir. Modellenen alev gizleyen
tasarimlar1 ile atesli silah kullanicisinin, atesli silahini ateslemesi neticesinde olusan namlu
patlamasiyla 6zellikle gece kullanimlarinda kullanicinin goézlerinin kér olmasini engelleyerek, gece
goriisiini artirmasi ve 6zellikle gece kullanimlarinda atesli silah kullanicisinin konumunu gizleyerek
diisman kuvvetler tarafindan bulunmasini zorlastirmistir. MPT-76’ya gore ozel olarak tasarlanan ii¢
farkli alev gizleyenin iki temel 6zelliginin yaninda fonksiyonel 6zellikleri de bulunmaktadir. Yapilan
0zel tasarimlar ile alev gizleyenler ayni zamanda namlu freni 6zelligi de tasimaktadir. Alev gizleyenlere
eklenen namlu freni 6zelligi ile atesli silah kullanicisinin atesli silahi ateslemesiyle olusan namlu
patlamasi sonucu alev goriintiisiinii absorbe etmesinin yaninda sarsilmay: ve geri tepmeyi azaltarak
aticinin hem silaha daha kolay ve rahat hakim olmasini saglamistir hem de sarsilmay1 azaltmasi sonucu
hedef dogrulugunu artirarak, vurulmak istenen hedefin dogrulugunu artirmistir. Tasarlanan alev
gizleyen modellerinin bir digerine temel iki 6zelliginin yanina eklenen diger 6zel fonksiyon ise tel
kesme aparatidir. Alev gizleyenin ucuna eklenen dort adet tirnagin hizalanmasi neticesinde ates
yapilarak teller kesilir. Eklenen tirnaklar tel kesmenin yaninda alev gériinlimiinii minimize etmeye de
yardimc1 olmaktadirlar. Tasarlanan alev gizleyen modellerinin bir digerinin fonksiyonel 6zelligi ise
lizerinde bulunan kesici ve delici dikenli yapilardir. Yapilan 6zel tasarim ile olas1 birebir miidafaa ve
saldir gerektiren anlarda aticinin hig¢ vakit kaybetmeden diisman kuvvetlere bu kesici ve delici yapi ile
saldirip yok etmesi tasarlanmistir. MPT-76"ya gore 6zel olarak tasarlanan alev gizleyenleri silahin
namlu ucuna takmak icin en etkili, saglam ve kolay olan ezme rondelalar1 kullanilmistir. Boylece alev
gizleyenler ¢ok daha kolay ve saglam bir sekilde atesli silah namlusuna takilir[9, 13].

Sekil 1. MPT-76 da kullanilan alev gizleyen modeli [14] (Flash hider model used in MPT-76)

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2022 Gazi Akademik Yayincilik 449



Ozaslan & Bozdemir Gazi Muhendislik Bilimleri Dergisi: 8(3), 2022

Yapilan tasarimlarda, geleneksel tasarim yontemi kullanilmistir. Bilgisayar Destekli Tasarim
programlarindan Solidworks ile alev gizleyenlerin modellemeleri yapilmis ve SolidFlow ile de akis
hesaplamalar1 yapilmistir. Solidworks de yapilan modellemeler, akis hesaplamalar1 ve fonksiyonel
ozelliklerin degerlendirilmesi sonucu secilen optimum modelin imalati icin {i¢ boyutlu yazici Zortrax
firmasimn irettisi M200 modeli kullamlmstir. U¢ boyutlu yazici malzemesi olarak da Z-Ultrat
kullanilmistir [15].

Ug boyutlu yazicilar , ii¢ eksenli bir alanda secilen parca malzemesi ile katmanlar olarak iist iiste
yerlestirilerek bircok parcalar iiretirler. U¢ boyutlu yazicilar ile miithendislikten egitime, sanattan tip
alani gibi bircok farkli dalda kullanilan yeni bir teknolojidir. Bilahere {i¢ boyutlu yazicilar son
zamanlarda ¢ok popiiler hale gelmistir. Diinyay1 degistirecek teknoloji olarak adlandirilmaktadirlar ve
cok biiyiik beklentileri beraberinde getirmektedir. U¢ boyutlu yazicilar ile istenilen parcalar ¢ok ucuz
ve ¢ok hizli bir sekilde imal edilmesi bir ¢cok kisinin isine gelmektedir [16, 17, 18, 19].

2.1. Alev Gizleyenlerin SolidWorks ile Kati Modellemesi (Solid Modeling of Flash Hider Concealers with
SolidWorks)

Birbirinden farkl yapi, fonksiyon ve tasarim o6zellikleri tasiyan li¢ cesit alev gizleyen tasarlanmistir.
Her bir alev gizleyen farkli malzemeden yapilmistir. Alev gizleyenlerin her biri ayr1 tasarlanmis ve
farkli ozellikler icermektedir. Tasarlanan alev gizleyen modelleri gercegi ile birebir ayni olciileri
tasimaktadir. Her bir alev gizlenin namluya takilan dis gecis boliimii ve alevi absorbe eden bolimi
vardir. Tasarlanan alev gizleyenlerin icerisinden gecen akisin hesaplanip ve birbirleri ile
karsilastirilmast yapilmistir. Bu islem i¢in SolidFlow programi kullanilmistir. Tasarlanan alev
gizleyenlerin c¢izimi, kat1 modellemesi ve akis testi SolidWorks programinda yapilmistir. Tasarlanip,
kati modellemesi yapilan alev gizleyenler tek pargadir. Tasarlanan alev gizleyen modelleri 7,62 kalibre
de MPT-76 piyade tiifegine kolaylikla monte ve demonte edilebilmektedir.

2.1.1. Gokbey alev gizleyen kati modeli (Gskbey flash hider solid model)

Sekil 2’de gosterilen SolidWorks programinda tasarlanip kati modellemesi yapilan Gokbey Aley
Gizleyen modeli, gercekte paslanmaz celikten yapilmasi ongoriilmiistiir. 7.62 Nato mermisinin
kullanilabilecegi bir tasarim modellemesi yapilmistir. Yanlardan agilan uzunlamasina yariklar ile
namlu patlamasi sonucunda olusan alevler buralarda absorbe edilip minimize edilerek disariya dogru
cikisi saglanir. Gokbey Alev Gizleyen lizerinde bulunan uzunlamasina yariklar sayesinde namlunun ve
disar1 cikan yiiksek basingli gazlarin sogumasini hizlandirilir. Malzemesinin paslanmaz ¢elik
olmasindan dolay1 cok fazla basing ve yliksek sicakliga dayanmaz kaplama yapilmalidir. MPT- 76’ya
ezme rondelalart ile takilmak tizere disi namlu baglanti noktasina sahiptir. Hizalama gerektirmez. Ezme
rondelalari ile kolay monte ve demonte edilebilir.
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Sei;ilké. Gbi(i)éy alev gizleyen modeli (Gokbey flash hider sowhd m"c;del)
2.1.2. Ulubey alev gizleyen kati modeli (Ulubey flash hider solid model)

Sekil 3’te gosterilen SolidWorks programinda tasarlanip kati modellemesi yapilan Ulubey Alev
Gizleyen modeli, gercekte paslanmaz celikten yapilmasi ongoriilmiistiir. 7.62 Nato mermisinin
kullanilabilecegi bir tasarim modellemesi yapilmistir. Ulubey Alev Gizleyen modelin de namlu
patlamasi sonrasinda olusan ytiksek alev goriiniimi, tizerinde bulunan dairesel deliklerden ve kapal
silindirik haznenin absorbe etmesiyle minimize olarak cikar. Ozel tasarimi ve icyapisi ile geri tepmeyi
azaltarak hedef dogrulugunu artirir. Kapali haznenin olmasi sesi kismen de olsa bastirir ve bir
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susturucu 6zelligi de tasimasini saglar. Malzemesi paslanmaz ¢elik olmasindan dolay: yiiksek 1s1 ve
basinca ¢ok dayanamaz. Bu sebepten kaplama yapilmalidir. MPT- 76’ya ezme rondelalar ile takilmak
lizere disi namlu baglanti noktasina sahiptir. Hizalama gerektirmez. Ezme rondelalari ile kolay monte
ve demonte edilebilir.

@8 Eers
ruos

2.1.3. Atabey alev gizleyen kati modeli (Atabey flash hider solid model)

Sekil 4’te gosterilen SolidWorks programinda tasarlanip kati modellemesi yapilan Atabey Alev
Gizleyen modeli, gergekte titanyum malzemeden yapilmasi éngoriilmiistiir. 7.62 Nato mermisinin
kullanilabilecegi bir tasarim modellemesi yapilmistir. Milli piyade tiifegi MPT-76'nin kullanici
tarafindan ateslenmesiyle olusan namlu patlamasiyla meydana gelen yiiksek alev goriiniimii, Atabey
Cok Fonksiyonlu Alev Gizleyen modelinin iizerinde bulunan dairesel deliklerden ve dort tirnagin
absorbe etmesiyle minimize olarak ¢ikar. Atabey Cok Fonksiyonlu Alev Gizleyen tlizerinde bulunan
delikler ve ucundaki tirnaklar ile yiiksek basing diisiiriiliir ve yliksek sicakliktaki alevler ise ¢ok hizl
bir sekilde sogutulur. Yapilan 6zel tasarim modellemesi ile namlu patlamasiyla olusan geri tepme
kuvveti azalir. Boylece MPT-76 kullanicisi 6zellikle gece kullanimlarinda namlu patlamasi sonrasinda
olusan yiiksek goriinlimli alevlerden kurtularak kor olma riskinden kurtulmustur ve gece goriisii
artmistir. Ayrica gece operasyonlarinda kullanildig: takdirde diisman kuvvetler tarafindan Atabey Cok
Fonksiyonlu Alev Gizleyen sayesinde konumunun belirlenmesi daha zor hale gelmistir. Atabey Cok
Fonksiyonlu Alev Gizleyen modelinin sunmus oldugu bir diger fonksiyon da ise namlu ucunda bulunan
dort adet tirnagin telleri hizalayip, piyade tiifeginin ateslenmesi ile ¢ok kolay bir sekilde teller kesilir.
Bu o6zellik ile ¢ok kolay ve hizli bir sekilde tel kesme islemleri de tamamlanmis olur. Atabey Cok
Fonksiyonlu Alev Gizlen modeli iizerinde bulunan kesici ve delici dikenli yapilar ile olasi mithimmat
bitmesi veya ani bir diisman kuvvet ile birebir de miidafaa veya saldirt durumunda kullanicinin kendini
kollayip diisman kuvvete zarar vermesini saglar. Bu sekilde kullanici ¢cok hizli bir sekilde reaksiyon
vererek kendisini korumaya ve saldiriya hazir halde bulur. Atabey Cok Fonksiyonlu Alev Gizleyen
modeli gercekte titanyum malzemeden yapilmasi éngoriilmiistiir. Yiiksek sicaklik ve basinglara karsi
¢ok dayanikhidir. Kaplama gerektirmez. MPT- 76’ya ezme rondelalar ile takilmak iizere disi namlu
baglanti noktasina sahiptir. Hizalama gerektirmez. Ezme rondelalar: ile kolay monte ve demonte
edilebilir.

L

TS ket satis |

Sekil 4. Atabey gok fo‘r‘;.l:s’ix;onlu alev gizleyen kati modeli (Atabey multifunction;I ;la;h hider solid model)
2.2. Alev Gizleyenlerin SolidFlow ile Akis Hesabi (Flow Calculation of Flash Hider with SolidFlow)
Tasarlanan ti¢c modelin SolidFlow programu ile i¢ akis analizleri hesaplanmistir. Gokbey Alev Gizleyen

modelinin akis analizi SolidFlow programinda yapilmistir. Gokbey Alev Gizleyen modelinin malzemesi
paslanmaz celikten secilmistir. 1 atm basing, 20,05 derece santigrat hava kosullar1 kullanilarak ve
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namludan 800 m/sn mermi ¢ikis hizi verilerek analiz islemleri gergeklestirilmistir. 800 m/sn hiz ile
giren hava yan kanallardan ve mermi ¢ikis noktasindan ¢esitli hiz ve debilerde tahliye edilmektedir.
Detayli veriler Sekil 5. ve Sekil 6'da gdsterilmektedir.
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Sekil 5. Gokbey alev gizleyen modelinin akis analizi (Flow analysis of Gékbey flash hider model)
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Sekil 6. Gokbey alev gizleyen modelinin akis analizi (Flow analysis of Gékbey flash hider model)

Ulubey Alev Gizleyen modelinin akis analizi SolidFlow programinda yapilmistir. Ulubey Alev Gizleyen
modelinin malzemesi paslanmaz c¢elikten secilmistir. 1 atm basing, 20,05 derece santigrat hava
kosullar1 kullanilarak ve namludan 800 m/sn mermi ¢ikis hizi verilerek analiz islemleri
gerceklestirilmistir. 800 m/sn hiz ile giren hava yan kanallardan ve mermi ¢ikis noktasindan gesitli hiz
ve debilerde tahliye edilmektedir. Detayl veriler Sekil 7. ve Sekil 8'de gosterilmektedir.
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Sekil 8. Ulubey alev gizleyen modelinin akis analizi (Flow analysis of Ulubey flash hider model)

Atabey Alev Gizleyen modelinin akis analizi SolidFlow programinda yapilmistir. Atabey Alev
Gizleyen modelinin malzemesi titanyum se¢ilmistir. 1 atm basing, 20,05 derece santigrat hava kosullar1
kullanilarak ve namludan 800 m/sn mermi ¢ikis hizi verilerek analiz islemleri gergeklestirilmistir. 800
m/sn hiz ile giren hava yan kanallardan ve mermi ¢ikis noktasindan cesitli hiz ve debilerde tahliye
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edilmektedir. Detayli veriler Sekil 9. ve Sekil 10’da gosterilmektedir.
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Sekil 9. Atabey alev gizleyen modelinin akis analizi (Flow analysis of Atabey flash hider model)

Sekil 10. Atabey alev gizleyen modelinin akis analizi (Flow analysis of Atabey f{ash hider model)
3. Bulgular ve Tartlsma (Findings and Discussion)

Milli ve yerli piyade tiifegi MPT-76’ ya gore tasarlanarak kat1 modellemesi yapilan ii¢ ¢esit alev gizleyen
modellenmistir. Yapilan modellemelerin malzeme cinsine, fonksiyonlarina, tasarimlarina ve akis
hesaplarina bakilarak bir tercih yapilmistir. Bu tercih sonunda gergekte malzeme bakimindan
uygulanilmas1 ongoriilen, en dayanikli olan ve kaplama gerektirmeyen titanyum malzemesinin
secilmesi dngorilmiistiir. MPT-76’ nin kullanici tarafindan ateslenmesiyle olusan alev goriintiistinii
0zel tasarimu ile en iyi absorbe ederek disari ¢gikan 15181 minimize ederek kullanicinin konumunu
gizleyen ve gece kullanimlarinda kullanicinin gozlerini kor etmesini engelleyerek, gece gorisiinii
artiran, bu ana 6zelliklerinin yaninda tel kesme ile kesici ve delici yap1 6zelliklerini barindiran Atabey
Cok Fonksiyonlu Alev Gizleyen modellemesi se¢ilmistir. SolidFlow ile akis hesaplarina bakilip diger
modellerinki ile karsilastirma yapildiginda da en iyi sonucu veren Atabey Cok Fonksiyonlu Alev
Gizleyen modelidir.

3.1. U(,‘ Boyutlu Yazici ile Prototip Uretimi (Prototype Production with 3D Printer)

Milli ve yerli piyade tiifegi MPT-76’ ya gore tasarlanan Atabey Cok Fonksiyonlu Alev Gizleyen kati
modelimiz SolidWorks ile modellenerek {iretim asamasina gecilmistir. Atabey Cok Fonksiyonlu Alev
Gizleyen kat1 modelini prototipini iiretmek i¢in giinlimiizde bir¢ok yerde kullanilan ii¢ boyutlu yazici
teknolojileri kullanilmistir. Atabey Alev Gizleyen kati modelini ti¢ boyutlu yazici modellerinden Zortrax
firmasinin iirettigi M200 modeli kullanilarak prototipi tiretilmistir.

Atabey Cok Fonksiyonlu Alev Gizleyen kati modelinin prototipinin iiretilmesinde kullanilan Zortrax
M200 model yazici ile gok hassas ve yiiksek verimlilikte pargalar prototip olarak ¢ikartilir. Ug boyutlu
yazicida baski kullanilan filamentler ¢ok farkli renk segeneklerine ve {ist diizey 6zelliklere sahiptir. Cok
hassas ve ayrintili pargalar iiretilebilir ve 6zel tasarlanan yapilar orijinal halini hi¢ kaybetmeden oldugu
gibi bastirilip, ¢ogaltilabilir. Zortrax M200 modelinde iki adet yan kapaklar bulunmaktadir. Bu kapaklar
ile tasarlanip tretilmek istenen parganin basilmasi sirasinda sicaklik dengesini saglayarak daha
kontrollii sogumaya olanak saglanir. Bastirilacak modeli dis etkenlere karsi korurlar. Ayni zaman da
modelin basilmasi sirasinda olusabilecek yariklar gibi hatalarin da 6niine gegerler. Zortrax M200
modeli, kendisine 6zel Z-Suite sezgisel li¢ boyutlu baski yazilimina sahiptir [20].
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Sekil 11. Zortrax M200 3D yazicinin goriintiisii [21] (Image of Zortrax M200 3D printer)

Ug boyutlu yazic1 modeli olan Zortrax M200’ iin kendisine ait diisiincel ii¢ boyutlu kati model baski
yazilimidir. Bu program ile programu.stl, .obj, .3mf , .dxf dosya bilesenleri lizerinden degisim, ¢ikti,
diizeltme gibi islemler uygulanabilir. Atebey Alev Gizleyen kat1 modeli olusturulurken SolidWorks ile
kat1 modellemesi olusturulan yapi .stl uzantisi ile dosyalanarak kaydedilmis ve son haliyle Z-Suite
yazilimindan cikt1 ayarlar1 yapilmistir ve bu yazilim ile Atabey Alev Gizleyen modeli prototip imalata
hazir hale getirilmistir.

Z-Suite programi ile imalata hazirlana parca x,y ve z eksenlerinde {i¢ boyutlu yazicinin tablasi iizerinde
istenilen yon ve sekilde konumlandirilabilir. Ayrica baski éncesi imal edilecek parcanin kalite, dolgu,
kullanilacak filament, tabaka kalinligi, baski sirasinda atilacak destekler, pervane hizi gibi pek ¢ok
ozellik istenilen sekilde ayarlanabilir[22].

Atabey Cok Fonksiyonlu Alev Gizleyen kati modeli Z-Suite programina atilarak prototip imalati icin
¢ikt1 ayarlar1 yapilmistir. Atabey Cok Fonksiyonlu Alev Gizleyen’ in, Z-Suite programindaki baski 6n
izleme ayarlarinin goriilebilmesi i¢in kati modelin resmi Sekil 12’de gosterilmistir.

z5
™ 2-SUITE

. ) & @ L « “B'a a8 ~» 5 @ - - I -~
Sekil 12. Atabey ¢ok fonksiyonlu alev gizleyen, Z-Suite baski 6n hazirlama ayarlari (Atabey multifunctional flash hider, Z-Suite print
presets)

Z-Suite programinda baski 6n hazirlama ayarlar1 yapilan Atabey Cok Fonksiyonlu Alev Gizleyen
modelinin dosyasi bir SD kart ile yaziciya gonderilmistir. Tablo 1’de prototip olarak 3D baski
teknikleriyle iiretilen Atabey Cok Fonksiyonlu Alev Gizleyen modeline ait parcanin isimlerini, sayilari,
kullanilan filament miktari, baski siiresi gibi temel veriler verilmistir.

Tablo 1. Alev gizleyen modellerinin baski temel verileri (Printing basic data of flash hider models)

Sira No Parcanin Ad1 Parcga Adeti Parc¢a imalat Siiresi Par¢ca Malzeme Miktar1
Malzemesi (sa,dk) (gr)
(Filament)

1 Atabey Alev Gizleyen 1 Z-ULTRAT 1sa43dk 12 gr

Atabey Cok Fonksiyonlu Alev Gizleyen modelinin prototipi imal edilmistir. Sekil 13’te prototip
goriintiisii verilmistir. Model 0,1 mm tolerans ile imal edilmistir. Par¢ada yapistirmali baglanti
bulunmamaktadir. imal edilen alev gizleyen modeli, tasarlanan ve modellenen élgiilerin 1/1 él¢iisiinde
prototipi tiretilmistir. Model 70 mm uzunlugundadir ve 7.62 mm kalibrelerde kullanilabilmektedir.
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Sekil 13. Atabey ¢ok fonksiyonlu alev gizleyen prototipi (Atabey multifunctional flash hider prototype)
4.Sonuglar (resuits)

Yapilan bu ¢alismada genel tasarim yontemiyle yerli ve milli piyade tiifegi MPT-76 da kullanilmak iizere
cok fonksiyonlu gelistirilmis bir alev gizleyen kat1 modeli tasarlanmistir. Tasarlanan alev gizleyenin li¢
boyutlu yazic kullanilarak prototipi yapilmistir.

MPT-76 da kullanilmak iizere modellenen Atabey Cok Fonksiyonlu Alev Gizleyen modeli tasarimi i¢in
genel tasarim yontemleri lizerinden yapilmistir. Bu uygulamadaki temel adimlar izlenerek uygun
modele ulasilmistir. Elde edilen uygun model ise, MPT-76 da kullanilmak iizere Atabey Cok
Fonksiyonlu Alev Gizleyen modelidir. Genel tasarimla elde edilen MPT-76’ da kullanilmak {iizere
tasarlanan Ug¢ adet alev gizleyen modellerinin ¢izimi ve kati modellemesinde Bilgisayar Destekli
Programlar’dan olan SolidWorks kullanilmistir. Daha sonrasinda namlu tasarlanan alev gizleyenlerin
akis hesaplar1 ve mukayesesi SolidFlow programi lizerinden yapilmistir. Tasarlanan alev gizleyenlerin
malzemesi, fonksiyonlari, saha da kullanim dayaniklilig1 ve akis hesaplarindan en verimli olan Atabey
Cok Fonksiyonlu Alev Gizleyen modeli secilmistir. Tasarlanip segilen Atabey Cok Fonksiyonlu Alev
Gizleyen modeli ile milli ve yerli piyade tiifegi MPT-76’ da kullanilmak iizere, silah ateslendigi namluda
olusan alev goriiniimiinli minimize ederek 6zellikle gece kullanimlarinda kullanicinin kér olmasinin
Oniine gecilir ve gece goriisi artirilir. Ayrica gece kullanimlarinda kullanicinin konumunu gizlemeye
yarar. Kendine 6zel tasarimi ve i¢ yapisi ile alev gizleme 6zelliginin yani sira geri tepmeyi de azaltarak
kullanicin hem daha kolay silah kullanimini saglar hem de hedef dogrulugunu artirir. Atabey Cok
Fonksiyonlu Alev Gizleyen’ e eklenen 6zel opsiyon ile kesici ve delici dikenli yapilardir. Bu kesici ve
delici dikenli yapilar ile kullanici olasi miidafaa ve saldir1 anlarinda kolaylikla ve hizlica harekete gecme
olanagi saglar. Atabey Cok Fonksiyonlu Alev Gizleyen’ e eklenen bir diger 6zel opsiyon olan dért tirnak
ile hem alev gizlemeye yardimci olur hem de namlu hizalanmasi ile tel kesme islevi goriir. Yapilan
calismada MPT-76’ da kullanilmak iizere ¢ok fonksiyonlu gelistirilmis bir alev gizleyen olan Atabey Cok
Fonksiyonlu Alev Gizleyen modeli tasarlanmistir.

Tasarlanan ii¢ boyutlu kati modelin prototip halinde {iretilebilmesi icin t¢ boyutlu yazic
teknolojisinden yararlanilmistir. SolidWorks programinda yapilan modelleme .stl dosyasi olarak
kaydedilerek ti¢ boyutlu yaziciya aktarilmistir. Baskida ii¢ boyutlu yazici modeli olan Zortrax M200 ve
Z-SUITE yazih kullanilmistir. Yazici malzemesi olarak Z-Ultrat kullanilarak tek bir parca halinde, beyaz
renkte 1sa 43 dakikada ve 12 gr olarak imal edilmistir.

Gergegiyle birebir ayni odlgiilerde modelleme yapilarak prototip iiretilmistir. Yapilan calisma ile
savunma sanayi alaninda binlerce konulardan bir tanesi olan atesli silahlarin namlu ucu pargalari igin
farkli bakis acisiyla 6grenmeye ve 6gretmeye yonelik akilda kalic1 ve gorsellerle dolu silah sistemleri
egitiminde faydali bir egitim materyali olacag1 6ngoriilmektedir.
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ABSTRACT

In this study, a gyroscopic damper model consisting of a built-in column has been
developed. The objective of this study is determining the required angular momentum with
the optimum ratio of natural frequency for the gyroscopic vibration absorber under
sinusoidal excitation. This damper model is investigated experimentally and theoretically
for different angular momentums of the gyroscope and different frequency ratios of the
structure and damper on a single-story structure. As a result of the study, the displacement
of the structure at the 1st mode frequency for a given angular momentum of the gyroscope
is fairly reduced. Besides, at a notable frequency ratio of the damper and the structure, the
effect of the angular momentum is improved. Even if the disk mass of the gyroscope
decreases, it is possible to obtain a certain angular momentum by increasing the disk speed.
Thus, lighter and less bulky gyroscopic vibration dampers can be designed. The cooperation
of the required angular momentum with the optimum ratio of natural frequencies should
be considered to obtain a highest attenuation of the building vibration. In addition, the
equations of motion obtained according to the 1st mode and the theoretical results
overlapped.

Bina i¢in Jiroskopik Titresim Soniimleyici: Teorik
ve Deneysel Arastirma

0Z

Bu arastirmada, kolon fiizerine baglanmis bir jiroskopik soniimleyici modeli iizerine
calisilmistir. Bu calismanin amaci, siniizoidal zorlayici yiik altinda jiroskopik titresim
sontimleyici i¢in gerekli acisal momentum ile optimum dogal frekans orani belirlenmesidir.
Bu soniimleyici modeli, tek katli bir yap1 lizerinde jiroskopun farkli acisal momentumlari ve
yapt ile sontiimleyicinin farkl frekans oranlari icin deneysel ve teorik olarak incelenmistir.
Calisma sonucunda, jiroskopun belirli bir agisal momentumu icin yapiin 1. mod
frekansinda yer degistirmesi oldukca azaltilmistir. Ayrica, soniimleyici ve yapinin belli bir
frekans oraninda acisal momentumun etkisi iyilesmistir. Jiroskopun disk kiitlesi azalsa dahi
disk hizini artirarak belirli bir agisal momentum elde etmek miimkiindiir. Béylece daha hafif
ve daha az hacimli jiroskopik titresim soniimleyici tasarlanabilir. Bina titresiminde en
yliksek soniimleme elde etmek icin, gerekli acisal momentumun ile optimum dogal frekans
orani ile baglantisi hesaba katilmalidir. Ayrica 1. moda gore elde edilen hareket denklemleri
ile teorik sonuclar drtiismistir.
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1. Introduction

In conditions where the natural frequency of the main building is very close to the frequency band of
the force forcing this building, resonance that causes large displacements occurs[1]. Dynamic dampers
are sub-systems that absorb most of the energy of the main structure by transferring them to prevent
resonance [2], [3]. Dynamic dampers are generally evaluated in three categories: passive, active, and
hybrid. Until today, many dynamic dampers, both passive and active, that can meet external loads such
as earthquakes and wind, have been applied to various structures [4].

Passive vibration dampers do not need external energy to dampen. On the contrary, they get their
kinetic energy from the movement of the structure to be damped [1]. These systems are low cost as
they do not require extra energy and actuator to dampen the main structure. Passive dampers are
preferred due to their low cost and simple technology. However, passive vibration dampers need the
vibration (displacement) of the structure to be damped to work [1]. This causes the system to work
late and act dependent on the main structure. In passive control methods, the system cannot respond
to variable vibration loads because the damper is adjusted according to the resonance region of the
main structure [1]-[3].

Active dampers consist of sensors that measure the vibrations affecting the structure and computer
that analyses the measured data from the sensors, and actuators that generate the necessary control
forces according to the analysis obtained [2]-[4]. [t can always respond quickly to changing external
effects in active control methods. However, the technology used in active control systems is costly and
requires large-scale external energy [2], [3]. There are negative situations in both active and passive
vibration dampers. Therefore, to get rid of the disadvantages of both types of dampers, hybrid dampers
have been developed in which both dampers are used together [1]-[4].

Today, gyroscopic stabilizers are widely researched in different fields [5]-[12]. In its simplest form, the
gyroscope consists of a rotating disk around a certain axis and a gimbal in which the disk is placed.
Active control moment gyro is more effective in damping vibration, although a passive gyroscope gives
better results in terms of energy consumption. Compared to conventional active mass dampers, using
gyroscopic vibration dampers to reduce vibrations provides weight and volume savings. In another
study, Unker and Cuvala [5] theoretically investigated the effect of gyroscopic vibration dampers in
flexible structures under seismic effects and showed that the amount of bending of the flexible
structure decreased. Cuvalci et al. [6] investigated the gyroscopic vibration damper as a passive
vibration damper in a 0.5-meter beam under the effect of harmonic load. In this theoretical and
experimental study, the equations of motion are derived from the energy equations of the beam and
the control moment gyroscope with the help of the Lagrangian method. The analysis of the equations
of motion of the system is simplified to ordinary differential equations by using the first mode (effective
mode) approach. In their numerical studies, they observed that the gyroscopic vibration damper
effectively absorbs the vibrations of the cantilever beam. Unker [9]-[11] also examined the control
moment gyroscope in terms of dynamics and control of vehicle systems. Thanks to the gyroscopes he
applied to the two-wheeled robot, he managed to keep the balance of the robot stable and under
constant load [9]. In his work, he also derived the optimum velocity relation by applying certain
harmonic functions to the equations of motion. Thanks to the control torques applied by the gyroscopes
to the gimbal, it not only eliminated the reaction forces but also kept the robot's body in balance with
a very small oscillation. In another study, Unker [10] theoretically examined the gyroscopic stabilizer
on a heavy-duty vehicle. Soleymani and Norouzi [12] theoretically investigated the gyroscopic damper
they developed to dampen the vibrations on the multi-megawatt wind turbine and they succeeded in
increasing the damping effect of the gyroscope by using a controller. The most important advantage of
this active gyro damper is that a PID and Fuzzy controlled torque is applied externally to the
gyroscope's gimbal to control the gyroscope's angular momentum. According to the results obtained,
the control moment gyroscope has shown that the classical linear dampers can perform all their duties,
recover faster, and operate at wide damping ratios. It has also shown that, like the two-wheeled robot,
the truck trailer can remain in balance under constant and continuous load without external support.
In addition to being used as a control moment gyroscope vibration damper, it can also be used as a
stabilizer under a constant and continuous load without the help of any external force.

This research, it is aimed to dampen a single-storey structure by using the angular momentum of the
gyroscope, which is designed as a hybrid damper. In its simplest form, the gyroscope consists of a rotor
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that rotates in a ball bearing. The most important parameter of the gyro motion is based on the
conservation rule of angular momentum [1]. Therefore, even if the rotor mass of the gyroscope
decreases, its angular momentum can be increased if the rotor speed is increased. Thus, lighter and less
bulky dampers can be designed compared to conventional dampers. For the theoretical and
experimental research of the gyroscope vibration damper on a single-storey structure, the gyroscope-
bearing recessed column model was used. In the theoretical research, the motion equations of the
system (partial differential equations) were obtained by substituting the kinetic and potential energy
equations describing the main structure and the damper in the Lagrangian equation. The obtained
equations of motion are simplified to ordinary differential equations with integral constants by using
the first mode approach.

2. Model Set-Up Design

The schematic model of the test setup is shown in Figure 1. The single-storey building in the
experimental setup basically consists of two main parts. The first part consists of a gyroscope and a
flexible steel column that carries the gyroscope and rises from the upper block of the building. The
second part is a single-story structure, which consists of four flexible columns carrying the upper block,
fixed from the other end to the lower block (ground of the lower floor). The floor plate of the single-
story building is mounted by sitting on two parallel liner slides so that the desired displacement
movement can only be made in the horizontal direction. All other physical data of the test model are
given in Table 1. As seen in Figure 1, the motion coming from the shaker with a certain frequency and
amplitude is transmitted horizontally to the floor of the single-story building model. The displacement
amplitudes of the shaker and the frequency increment control in scanning were performed using the
Briiel & Kjaer / LDS CometUSB vibration controller. In all experimental and theoretical studies,
harmonic acceleration, linear scanning type, and 0.001 Hz/second increment rate were selected and
kept constant.

In Figures 1 and 2, an aluminum plate with mass of Mzt is attached to the free end of four vertical
cantilever beams at length of Lz. All those the other end of the beams are fixed to the aluminum base
plate that is attached to the shaker with solid metal lever. Therefore, the base plate of the one story
building’s test model excites by shaker harmonically with varying forcing frequencies (®) and
amplitudes (zo) by the base excitation of z = zocos(wt). Beams are initially assumed straight and beams
horizontal and vertical displacements are also assumed elastic.

Table 1. Physical properties of the test model [8]

Symbol Model values Model Descriptions

p 7850 kg/m3 Steel density

Zo 0.005m Excitation amplitude

E 210e9 N/m?2 Young’s modulus

L1 0.14m Length of the gyro carrier beam
L2 0.20 m Height of the one-story building
M1 0.65 kg Tip mass of the gyro carrier beam
M: 2.75kg Tip mass of the one-story building
ms 0.311 kg Mass of the gimbal

I 2.5333e-11 Mass moment of inertia of gyro beam
I 3.3667e-11 Mass moment of inertia of storey
Ie le-2 kg.m? Tip mass moment of gyro-beam inertia
I2e 12e-2 kg.m? Tip mass moment of storey inertia
Ay 7.6000e-5 m? Area of gyro beam

A 1.7600e-4 m? Total area of storey beams

R 0.04 m Centroid radius of the gimbal

g 9.81 m/s? Gravitational acceleration

kg 0 N.m /rad Torsion spring stiffness of gyro
Cg 0.0005 N.m.s/rad Damper coefficient of gyro

m 0.023-0.115 kg Disk mass

r 0.05m Disk radius

Ip (mr2)/2+2.66e-5 kg.m? Disk’s rotary inertia

Lo (mr?2)/4 kg.m? Disk inertia of mass moment

I 6.74 e-4 kg.m? Gimbal inertia of mass moment
Ity 6.29 e-4 kg.m? Gimbal inertia of mass moment
It 3.60 e-4 kg.m? Gimbal inertia mass moment

Q 0-10000 rpm Disk rotating speed
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Figure 1. Experimental set-up [8]
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Figure 2. One-Storey building mathematical model [8]

2.1. Mathematical Model

The horizontal displacements of gyro-beam and one-storey building at the free end represent by vi and
vz, respectively. Here, sn indicates the extent along the arc-length of the column because of elastic
deformation of the column (where n=1,2). The gyro beam absorber consists of rotating mass (disk)
that is attached to the gimbal through the electrical motor are mounted to top of flexible beam as seen
in Figure 2. The rotating disk mass and disk angular velocity are represented with m and Q respectively.
The orientation angle of the beam was given as [13]-[15].

- 1

Since tip masses of test model are significantly larger than the beam masses, the beam deflection can
be expressed with the following shape function for the first mode, y(sn) [16].

v(sn,t):v(t)l//(sn) (2)

Where,
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Figure 3. Gyro model with the encoder [8]

By using Lagrange’s equation then making some mathematical manipulations, equations of motion of
the gyro-column, the single-storey, and gyroscope at the free end are obtained as follow respectively

(8]

(IP+1fy)sinzl9 1, Y
C+Cpy' +Cy'+ G +—v'G | [V
+(Ia+1ﬁ)cos20 2

(Ip+1ﬁ)sin26’ 1, ,
+| C,+2Cy," + G, G, +—v'G, ||vy,
+(Io +Iﬁc)cos2 o
C,+Cy’ +Cy' +C, (vziz'2 +1>22)

1

1 A2
+=1 [VZGIS +=v, (v,i, +20,)G 3:|G3v 1
2 2

15

( Loage s )
(I_fy_lﬁcj G5+Ev1 s

0sin 20
+Ip -1

+(G +lv2G 3)1’/
15 2 15 2
2
2 3
(I +1, )00529 1 (Gs +EVI G, )
o fx . . .2 3
+ v,G, +—v, (vzv2 +2v, )G15

+(Ip+1ﬂ)sin2n9 (4)

+IP§29 cos @

=y (¥, +2)-1 [@GIS +%v2 (vz\'iz + 21'/22)G153 } G,
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Where,
C =M +1G+pAG,

C,=pAG +1G'+MG

|
C3 = _Isz
4

C,=-MgG, +ELG, - pAgG,
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C, =2EIG,
3
C,==EIG,
4

C =pAG,G,+MGG

174714

211

C,=pAL +pAG +M1+M2+(I,+121)G152 (7)

C, =pA

2

G13 + (Ml + M2 )G142 + pA1G142 + (II + 121 ) (;154

1
C10 = ZGls6 (It +12z)

C11 = E[2G16 _pAIgG L _pAngw _(Ml +M2)gG14

14771
CIZ = 2E12G17
3
C|3 = _EIZGIS
4
7, =pAG, + M,

7, =pPAL +pA, G + M+ M,

z is the base displacement of one storey building (z = zocos(wt)). By putting zero into equation (4), (5)
and (6) for v;, v,~0 and 0 ~0, the equations are reduced. Assume 6=0 for small vibrations. Respectively,
the natural frequencies of gyro-beam, the storey and gyro can be shown as follows [8];

a)l = ;)
C +G, (Ia+1ﬁ) )
w =\/ Cll
2 2
C,+G(1,+1,) ©)

" = m/.gR+kg
\’ I, +1, (10)

2.2.Model Test Set-Up

The experimental model set-up is given in Figure 4 and the physical parameters of the test model are
representing in Table 1. The primary structure is a solid rectangular aluminium block supported by 1
mm thick 25 mm wide four steel spring beams. The gyroscopic vibration absorber also consists of
electric motor (1800Kv / 875w NTM Prop Drive Series 35-36A), which is remotely controlled with a
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radio control system (FlySky FS-T6B), mounted in a gimbal by assembling to the free end of a vertical
cantilever column. This gyro carrier beam is attached to the base of the primary mass by a rigid clamp
for researching the horizontal and vertical displacements. The base of the model is restrained to
horizontal motion by the use of four bearings moving on a smooth flat surface. The sinusoidal
displacement is horizontally applied to the base of the main structure via a rigid joint.

A vibration test system (Briiel & Kjaer / LDS Comet USB ) was used to sweep the frequency responses
of the one-story building by the channel of multiple mode (SCO-02V-01) and tracking filters (SCO-02V-
02). The shaker control system consists of two primary components: (1) the hardware and (2)
Windows-based application software. The shaker control system performs data measurement and
drive signal generation. The signal rides a 311 N electrodynamic shaker (LDS V450). The shaker system
can provide for varying amplitudes and frequencies of excitation. The shaker operates between the
frequency range of 1.2 to 7500 Hz from either a sinewave or random signal input. V450 shaker is driven
by the ling dynamic systems (PA500L amplifier). The V450 model is fitted with a low impedance
armature, which is suited for use with the PASO0L amplifier. During the experiments, the computer
was used to store, display, and analyze experimental data.

Figure 4. Experimental model of the cantilever model with the one-étory building-and gyroscope [8]

For the sinusoidal excitation experiments, the accelerometers were used as transducers to monitor the
displacement response of the one-story building and the gyroscope carrier beam (Figure 4). One
accelerometer (3-Axis Accelerometer - MMA7341L) was attached to the gyro carrier beam of the
gyroscopic vibration absorber, while the other one (DeltaTron accelerometers - Type 4513) was
attached to the top table of the primary mass. An accelerometer (DeltaTron accelerometers - Type
4513) was stuck to the table of the shaker to monitor its motion to send a feedback signal to the
vibration controller of the output signal of the shaker. The signals from the accelerometers on the
primary structure and absorber, and the accelerometer on the shaker were fed into the data acquisition
and analysis system. Additionally, an incremental encoder (RI 30-0) was mounted onto the gyroscope
to measure the signal of the angular motion of the gimbal.

3. Results and Discussion

3.1. Theoretical Results

In order to obtain the optimum operating conditions, the investigations are carried out with the
different frequency ratios of the one-story building, but the frequency (®,) of the one-story building
has been considered to be constant in the system. The gyro has been shaped with o, = ©,, ®; = 1.2,,

and o, = 2m,, respectively. Here, natural frequency of one story building o, and natural frequency of
the gyro o,. As seen from the response curves for these frequency ratios by the base excitation of z=
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zocos(wt) in Figures 5-7, the ratio of o, = 1.2w, is more effective throughout the varying rotor speeds.
The tip displacement of the storey can be fairly decreased if the angular momentum is La=0.0660
kg.m?/s at Q = 4000 rpm. So, the optimal performance was achieved at the ratio of w; = 1.20, with

Q = 4000 rpm which generated less displacement by comparison.

Consequently, throughout the next entire analysis the height of the one-story building model for o, =
1.2w, with an optimum angular momentum (Lq=0.0660 kg.m?/s ) is preferred as an optimum
frequency ratio.

120

—_— (og=0)2=2.50 Hz
cog=1 20,=3 Hz
1009 — — ©,=20,5.00 Hz

Displacement (mm)
(2] o]
o o

A
o
1

20 A

Frequency (Hz)

Figure 5. Theoretical response curves for varying frequency ratios by the base excitation of z= zocos(ot). (2 = 2000 rpm, ®, =
2.5Hz, ®; = 7.5 Hz, zo= 5mm, m = 0.069 kg ) [8]

120
e — mg=032=2.50 Hz
mg=1 20,=3 Hz
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Figure 6. Theoretical response curves for varying frequency ratios by the base excitation of z= zocos(wt). (2 = 4000 rpm, ®, =
2.5Hz, ®; = 7.5 Hz, zo= 5mm, m = 0.069 kg ) [8]
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Figure 7. Theoretical response curves for varying frequency ratios by the base excitation of z= zocos(wt). (2 = 8000 rpm, ®, =
2.5Hz, ®; = 7.5 Hz, zo= 5mm, m = 0.069 kg ) [8]

3.2. Experimental Results for the Frequency Ratio, o, = 1.20, of the One-Story Building

3.2.1. Results for different disk masses (m)

By the base excitation of z= zocos(wt), Figure 8 represents frequency scan of the displacement curves
of the one-storey building for varying disk masses (m) of gyro. It can be seen that tip responses of the
one-storey building is slightly changed within range of m=0.023-0.115 kg. So the inertia on the
frequency response can be ignored for this range of disk mass with Q=0 rpm.

80
_— m=0.023 kg
m=0.069 kg
m=0.115 kg
1S
E
c
[}
IS
[}
o
©
[=%
L
(m]
ittt
35 4.0

Frequency (Hz)

Figure 8. Frequency sweep curves of the one-storey building for varying disk masses (m) by the base excitation of z= zocos(wt).
(z0=5 mm, Q=0 rpm and w; = 1.20,) [8]

Figures 9 and 10 show the frequency scan for varying disk masses (m) of case Q=3000 rpm. It
presented that the displacement amplitude is reduced by increasing the disk mass at the first resonant
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frequency mode. Howecer, there is the existence of two vibration peaks outside the first mode
frequency. These peaks move towards opposing frequency directions. The amplitude of one peak by
low frequency decreases when the other peak increases as the disk mass increased. Up to a value of
disk mass there is significantly suppression in the vibration. But beyond this, as the disk mass is
increased, the reduction of the vibration is slightly changed. Similar change in sweep pattern is also
observed changing disk speed as shown in Figures 11-12.

80
_—— m=0.023 kg
m=0.069 kg
m=0.115 kg
60
40 4

Displacement (mm)

1.5 2.0 2.5 3.0 3.5 4.0

Frequency (Hz)

Figure 9. Frequency sweep curves of the one-storey building for varying disk masses (m) by the base excitation of z= zocos(wt).
(z0=5 mm, Q=3000 rpm and oy = 1.20,) [8]

14 4 _——— m=0.023 kg
m=0.069 kg
m=0.115 kg

Gyro displacement (rad)

1.5 2.0 25 3.0 3.5 4.0

Frequency (Hz)
Figure 10. Frequency sweep curves of gyroscope for varying disk masses (m) by the base excitation of z= zocos(ot). (zo=5 mm,
Q=3000 rpm, o, = 1.20,) [8]

3.2.2. Results for different disk speeds (Q2) of gyro

Figures 11-12 show the frequency sweep displacements for varying disk speeds (¢2) for case m=0.069
kg. The gyro-beam system has significantly reduced the displacement as we increase the disk speed.
The existence of two vibration peaks which move towards opposing frequency directions is found to
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decrease the amplitude of displacement compared to the other peak as the disk speed is increased. So,
the intersection of these peaks (at ®=2.10 Hz and ©®=2.85 Hz) as seen in Figure 13 results in optimum
disk speed of gyro. Up to this value there is significantly suppression in the vibration at ®=2.45 Hz. But
beyond this, as the disk speed is increased, the vibration at ®=2.85 Hz is increased compared to the

other peaks. So, the displacement amplitude of the story can be considerably decreased when the
angular momentum is Lo=0.0660 kg.m?/s at Q = 4000 rpm.
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—_——— Q=0 rpm
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60 /) — — —  Q=10000 rpm
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Frequency (Hz)

Figure 11. Frequency sweep curves of the one-storey building for varying disk speeds (Q) by the base excitation of z=
zocos(ot). (zo=5 mm, m=0.069 kg and oz = 1.2w,) [8]
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Figure 12. Frequency sweep curves of gyroscope for varying disk speeds (Q2) by the base excitation of z= zocos(wt). (zo=5 mm,
m=0.069 kg and o, = 1.20,) [8]
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Figure 13. Disk speed response curves of the one-storey building for different base excitation frequency () with z= zocos(mt).
(zo=5 mm, m=0.069 kg and vz = 1.20,) [8]

3.2.3. Instantaneous results when the gyroscope is suddenly activated

Figure 14 represents the frequency response curves of different excitation frequencies (®) with the
base excitation of z= zocos(wt). Instantaneous activation of gyroscope on the one-storey building is
experimentally investigated. At the different excitation frequencies, the electric motor is remotely
activated to the disk speed Q=4000 rpm with the radio control system. As seen in Figure 14, the
vibration is reduced from the tip displacement almost to the amplitude of base excitation within 6
seconds when the gyroscope is suddenly activated at about the maximum displacement of the one-

storey building.
80
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1-0=4000 rpm
" _——— 2-Q=4000 rpm
60 “ — — — — 3-Q=4000 rpm
3
£
c
)
IS
©
Q
®
o
0
(@]

1.5 2.0 25 3.0 3.5 4.0

Frequency (Hz)

Figure 14. Experimental frequency response curves of the one-story building for the instantaneous activation of gyroscope. No
active (dotted), active after ®=2.20 Hz (solid), ®=2.35 Hz (dashed) and ©=2.44 Hz (dash-dot). (zo=5 mm, m=0.069 kg and o, =
1.2m,) [8]
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4. Conclusion

In order to maintain the optimal damper effect of the gyroscope, the disk speed decreased with
increasing disk mass. If the disk mass was 0.069 kg, the optimum disk speed was around 4000 rpm,
while increasing the disk mass to 0.115 kg the optimum disk speed decreased to 3000 rpm. Since low
mass and volume are preferred in dampers, the mass of the gyroscope can be decreased if the speed of
disk is increased as much as possible according to the engine capacity.

The best damping in the first mode occurred at the angular momentum of the disk for Lo = 0.0660
kg.m?/s. It has been observed that the best energy transfer (damping) according to this angular
momentum is realized at the frequency ratio of wgyro / ®building= 1.2. Control moment gyroscope has a
superior advantage over conventional vibration dampers. So the gyro-column is efficient on a wide
frequency range from the frequency of the gyro to the frequency of the building resonance by using an
adjustable angular momentum of a gyroscope.

The initially stationary disk is accelerated suddenly at QO = 4000 rpm for angular momentum La =
0.0660 kg.m?/s, thereby quickly minimizing the displacement of the structure in the first mode. This
experiment shows that when the structure starts to oscillate as a result of an earthquake or any

external factor, the vibration amplitudes of the structure can be quickly minimized by activating the
disk.

An active gyro with a proportional controller can reduce the random vibration amplitude of seismic
responses of a building. For subsequent research, the gimbal of the gyro can be guided by a torque
control loop using a measured precession of the gimbal fed back to the control unit, which creates the
counter-reactionless moment needed to stabilize the building in the upright position.
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ABSTRACT

Keywords: Friction stir welding, 7xxx series aluminum alloys, which have high mechanical properties after the elements in
Cryogenic treatment, their content and applied aging, have low specific gravity and high specific strength. In
Microhardness, Microstructure, addition, they have excellent corrosion resistance with applied heat treatments. For these
Surface topography reasons, they are frequently preferred in the automotive, aviation and space industries

. o where energy consumption is very important. However, since these alloys with low melting

a*Duzce University, . . P . . . . .
Gumusova Vocational School, points are very difficult to weld, friction stir welding offers an important alternative.
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at -80°C. Cryogenic treatment performed after friction stir welding caused significant
changes in the hardness and microstructure of the weld zone. The increase in hardness
observed in the junction areas of the parts, especially after deep cryogenic processing, is
very important.

Kriyojenik Islemin Siirtiinme Karistirma Kaynagi

Uzerine Etkilerinin Arastirilmasi

0Z

icerigindeki elementler ve uygulanan yaslandirmalar sonrasi yiiksek mekanik dzelliklere
sahip7xxx serisi alliminyum alasimlari, diisiik 6zgil agirliga ve yliksek 6zgiil mukavemete
sahiptirler. Ayrica uygulanan 1s1l islemler ile miikemmel korozyon direnclerine sahiptirler.
Bu sebeplerden otiirii enerji sarfiyatinin ¢ok énemli oldugu otomotiv, havacilik ve uzay
sanayisinde siklikla tercih edilmektedirler. Ancak erime noktasi diisiik olan bu alasimlarin
kaynaklanmasi oldukea giic oldugundan siirtiinme karistirma kaynagi 6nemli bir alternatif
sunmaktadir. Fakat kaynaklanan noktalardaki mekanik &zellikler siirtiinme karistirma
kaynaginda da diger yontemlere kiyasla az da olsa diismektedir. Sorunun ¢6ziimii igin bu

calismada siirtiinme karistirma kaynag ile birlestirilen pargalara -180°C'de derin ve -

Anahtar Kelimeler: Siirtiinme 80°C’de sig kriyojenik islem uygulanmistir. Siirtiinme karistirma kaynagi sonrasi

karistirma kaynag, Kriyojenik gerceklestirilen kriyojenik islem kaynak bdlgesi sertligi ve mikroyapisinda o6nemli
bekletme, Mikro sertlik, degisikliklere neden olmustur. Ozellikle derin kriyojenik islem sonrasi parcalarin birlesme
Mikroyapy, Yiizey topografyasi bolgelerinde gozlemlenen sertlik artisi oldukca 6nemlidir.
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1. Gll'lS (Introduction)

7xxx serisi aliminyum alasimlar1 oldukg¢a disiik yogunluga sahip olmalarina ragmen yiiksek
mukavemet gosterebilirler. Boylece otomotiv, uzay ve havacilik sanayisinde iiriiniin toplam agirliginin
diistiriilmesi ile hem menzili arttirip hem de tasarrufa 6nemli bir katki saglarlar. Ayrica bu alasimlar
miikemmel korozyon direncine de sahiptirler. Ancak aliiminyum alasimlarinin kaynakl birlestirilmesi
aliminyumun 1s1 ve oksijene duyarlilig1 nedeniyle oldukga giictiir. 20. yiizyilin sonunda aliiminyum
alasimlarinin kaynatilabilmesi i¢in siirtiinme karistirma kaynag teknigi gelistirilmistir [1]. Siirtiinme
karistirma kaynagi ile 1s1 nedeniyle olusan bu sorunlara bir miktar ¢6ziim bulunmustur. Bu yontemde
erime sicakliginin altinda plastik deformasyon ile kaynak yapilir [2]. Boylece ytiksek 1silara maruz
kalmadig: icin aliiminyum alasimi erimez ve faz degisimi sinirli kalir. Ancak kaynak boélgesinin
mukavemeti siirtinme karistirma kaynagi yonteminde de diger yontemlere nazaran diisiik olsa da
1sidan etkilenerek diismektedir. Siirtiinme karistirma kaynaginda 1s1 sebebiyle olusan bu sorunu
ortadan kaldirmak amaciyla pek ¢ok calisma yapilmistir. Bu calismalarda kaynak bolgesinde olusan
sicaklig1 etkileyecek girdilere odaklanilmistir. Bunlar strtiinme karistirma kaynagi i¢in kullanilan
omuzun ve pimin tasarimi[3], devri [4], ilerlemesi [5], batma derinligi [6], malzemesi [7], kaplamasi
[8] gibi pek ¢ok girdidir. Ayrica kaynak esnasinda olusacak 1siy1 diisiirebilmek adina su altinda [9] ya
da kriyojenik sogutma altinda [10] siirtiinme karistirma kaynak calismalari da yapilmistir.

Bu calismada ise siirtiinme karistirma kaynagi esnasinda olusan 1sinin neden oldugu olumsuzluklar
strtiinme karistirma kaynag1 sonrasinda giderilmeye calisilmistir. Bu amagla 1s1l islem ya da talash
imalat gibi stlireclerden sonra malzemelerde meydana gelen hatalar1 gidermek i¢in kullanilan
kriyojenik islem kaynak sonrasi numunelere uygulanmistir. Kriyojenik islem de stirtiinme karistirma
kaynagi gibi yeni sayilabilecek bir arastirma konusudur. Ayrica her iki yontem de stirdiiriilebilir tiretim
sinifina girmektedir. Kriyojenik islem -50°C ve -100°C arasinda sig kriyojenik islem (SCT), -125°C ve -
196°C arasinda derin kriyojenik islem (DCT) olarak iki gruba ayrilmaktadir [11]. Kriyojenik islemin
talasl imalatta kesici takimlarin sertligini yiikselttigi [12], homojen karbiir dagilimi sagladig [13][14],
boylece de takimlarin daha az asindig1 [15], daha uzun takim 6émri sergiledikleri [16] rapor edilmistir.
Ayrica malzemelere uygulanan kriyojenik islemin de malzeme sertligini bir miktar arttirdig1 [17],
kalint1 gerilme [18] ve kalint1 6stenit fazlarini [19][20] tamamen yada kismen giderildigi bildirilmistir.
Aliminyum alasimlarinda da su verme isleminin neden oldugu kalint1 gerilmeleri giderebilmek icin
kriyojenik isleme basvurulan ¢alismalar literatiirde mevcuttur [21]. Aliminyum alasimina uygulanan
farkli bekletme siirelerinde si1g kriyojenik islemin ardindan bazi bekletme siirelerinde yeni fazlarin
olustugu rapor edilmistir. Ancak stire uzadike¢a bu fazlarin ortadan kalktig bildirilmistir. Bu fazlar ile
birlikte numunenin sertlestigi, yine fazlarin ortadan kalktig1 bekletme siirelerinde ise sertligin diistiigii
bildirilmistir[22]. Ancak siirtiinme karistirma kaynagi sonrasi kriyojenik islem ile kaynagin mekanik
ozelliklerinin arastirildig1 ¢alismalar birkag tane ile sinirlidir [23][24].

Bu c¢alismada farkh ilerleme hizlarinin siirtiinme karistirma kaynagi sonrasi olusan yilizey
topografyasina etkilerinin yani sira derin ve s1g kriyojenik islemin kaynak sertligine ve mikroyapisina
etkileri arastirilmistir. Bu calismanin siirtiinme karistirma kaynagi sonrasi sig ve derin kriyojenik
islemin etkilerinin belirlenmesi a¢isindan literatiire 6nemli bir katki sunacag diisiiniilmektedir.
Calisma siirttinme karistirma kaynagi alanina yeni bir bakis acis1 sunmaktadir.

2. Materyal ve Metot (Material And Method)

Deney malzemesi olarak kimyasal bilesimi Tablo 1'de verilen 7050-T7451 aliiminyum alasimi
kullanilmistir.

Tablo 1. Al 7050-T7451 alasiminin kimyasal bilesimi (Chemical composition of Al 7050-T7451 alloy)
Element  Zn Cu Mg Fe Mn Cr Ti Zr Si

% 6.3 2.5 2.4 0.15 0.1 0.04 0.06 0.03 0.12

Numuneler 100x200x8 mm 6l¢iilerine getirilmis ve alin alina getirilerek Sekil 1'de gortldiigii gibi CNC
dik islem tezgahinda tasarlanan baglama kalib1 yardimi ile siirtiinme karistirma kaynagi yapilmistir.
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Sekil 1. Stirtiinme karistirma kaynagi uygulamasi (Friction stir welding application)

Siirtinme karistirma kaynagi icin omuz malzemesi olarak AISI 4140, pim malzemesi i¢in ise daha
mukavim olan Toolox 44 celigi kullanilmistir. Sekil 2’de gorildiigii gibi pim konik tornalanmistir. Pim
lizerine malzemenin dogru ydne tasinmasi igin ters yonde dis agilmistir. Pimin kaynaga baslayacagi
noktaya oncesinde 8 mm ¢apinda bir delik agilmistir. Pim bu delik icerisinde 30 saniye boyunda
ilerlemeksizin dondirilmiistiir. Boylece pim ve omuzun kaynak malzemesine siirtmesi sonucu
ortamda 1sinin olugmasi saglanmistir. Kaynak esnasinda pim saat yoniinde dondiiriilerek ilerletilmistir.

28

8

Sekil 2. Pim ile omuzun sekli ve dl¢iileri (Shape and dimensions of the shoulder with the pin)

Bu ¢alismada, takimin doniisii i¢in sabit devir (900 rpm) ve {g¢ farkl ilerleme hizi kullanilmistir (24, 28
ve 32 mm/dk). Sirtiinme karistirma kaynagi sonrasi her bir numunenin yiizey topografyasi Sekil 3’de
goriilen Phase View marka profilometre ile 6l¢tilmiistiir. Ortalama yiizey piiriizlilik degeri Ra’nin yani
sira Rz, Rv, Rp ve Rt degerleri 6l¢iilmiistiir.

Sekil 3. Yiizey topografyasi dl¢limii (Surface topography measurement)
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Ardindan numuneler sivi azota temas etmeden PLC kontrollii Sekil 4’de goriilen 6zel olarak kriyojenik
islem i¢in tasarlanmis olan tankta kriyojenik isleme tabi tutulmustur. Malzemelerin asir1 hizli sicaklik
degisimi nedeniyle carpilmalarini 6nlemek amaci ile dakikada 3°C hizla kriyojenik sicakliga
diisiilmiistiir. Bu islem -80°C’de sig kriyojenik islem ve -180°C’de derin kriyojenik islem olmak iizere
iki etapta gerceklestirilmistir. Her iki bekletme sicakliginda da numuneler 15’er saat tutulmustur.

Sekil 4. PLC kontrolli kriyojenik tank (PLC controlled cryogenic tank)

Ardindan numuneler yine dakikada 3°C hizla kriyojenik bekletme sicakligindan oda sicakligina
getirilmistir. Kriyojenik islemin etkisini gorebilmek icin mikroyap1 goriintiileri alinmis ve sertlikleri
Olciilmistiir. Mikroyapi1 i¢in numuneler zimparalanmis ve 20 saniye siire ile Keller reaktifi ile (190 ml
saf su, 5 ml HNOs, 3 ml HC], 2 ml HF) daglanmustir. Sertlik 6l¢me degerleri i¢in 500 gram yiik, 15 saniye
siiresince uygulanmistir. Tiim numunelerin sertligi kaynak bolgesi merkez olmak lizere her iki yonde
de 2’ser mm ara ile 6lciilmiistir.

3. Sonuglar ve Tartisma (Results and Discussion)
3.1. Ylizey topografyasi (Surface topography)

Kaynak kalitesini etkileyen énemli girdilerden olan pimin ilerleme hizinin kaynak yiizeyinde olusan
ylzey kalitesini nasil etkiledigi arastirilmistir. Bu amagla ylizey topografyasi 6l¢iilmiis ve degerler Sekil
5’te verilmistir. ilerleme hizinin en diisiik oldugu 24 mm/dk hizinda Ra degeri 0,2713 pm 6lgiiliirken
28mm/dk ilerleme hizinda 0,3108 pm degerinde, en yiiksek ilerleme hizinda 32 mm/dk ise %56,4
oraninda artarak 0,4243 pum olarak oélciilmiistiir. En yiiksek tepe degeri olan Rp en diisiik ilerleme
hizinda 0,8991 pm iken, en yiiksek ilerleme hizinda %74,17 oraninda artis géstermis ve 1,566 um
degerine ulasmustir. Olgiilen yiizeydeki en derin vadinin derinligini veren Rv degeri 24 mm/dk ilerleme
hizinda -0,9024 pum iken 32 mm/dk ilerleme hizinda %163,41 oraninda artis gostermis ve -2,377 um
degerine ulasmistir. Rv ve Rp degerlerinin toplami olan Rt degeri benzer oranlarda artis gostermistir.
En yiiksek bes tepe ve vadi degerinin ortalamasi olan Rz degeri ise, 24 mm/dk ilerleme hizinda 1,413
um en 32 mm/dk ilerleme hizinda 2,334 um olarak él¢lilmiistiir. Rz degerindeki artis orani ise %65,18
olarak hesaplanmistir. Yiizey topografyasindaki tiim bu degerlerle bakildiginda artan ilerleme hizinin
ylzey puriizliligi ve topografyasi lizerinde biiyilik etkiye sahip oldugu goriilmektedir. Siirtiinme
karistirma kaynaginin mantigi siirtiinme etkisi ile ortamda 1sinin arttirilmasi ve malzemenin erime
noktas1 altindaki sicaklik degerinde bir noktadan diger bir noktaya tasinmasidir. Bu esnada 1siy1
olusturan takimin devri ve omuzun baski kuvveti olduk¢a 6nemlidir. Ancak 1sinin dagilmasini saglayan
ve takimi bolgeden uzaklastiran ilerleme hizidir. Omuzun kaynak yiizeyinden donerek ayrilirken
alliminyumun yapismasi ile girintili ve ¢ikintili yiizeyler olusturmasi beklenmektedir. Bu ayrilmanin
1sinin etkisi ile daha kolay oldugu artan ilerleme hizi ile de goriilmektedir.
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Sekil 5. ilerleme hizina bagl yiizey topografyasinin degisimi (Change of surface topography depending on feed rate)
3.2. Mikroyap1 (Microstructure)

Siirtlinme karistirma kaynagi sonrasi pimin gectigi dinamik olarak yeniden kristallesen bolge (DKB)
basta olmak iizere termomekanik olarak etkilenen bolgede (TEB) 1s1 etki ile yeniden kristallesmenin
gorildigi bilinmektedir. Yeniden kristallesen bu boélgelerde de tane yapilarinin daha kii¢iik oldugu,
dislokasyonlarin daha az oldugu pek ¢ok calismada rapor edilmistir [8][25]. Siirtiinme karistirma
kaynaginda 1s1 etkisiyle gerceklesen bu olaylar Sekil 6’da ilerlemenin artmasi ve kriyojenik islem
sonrasi da gozlemlenmistir. Kriyojenik islemin tane yapisini kiigiiltmesinin yaninda homojen tane
dagilimi, dislokasyonlari ortadan kaldirma ve artik gerilmeleri diisiirdiigii bilinmektedir [21].
Mikroskop ile elde edilen makro goriintiilerde DKB-TEB gecisinde 6zellikle TEB bolgesinde tane
yapilari fark edilir sekilde kii¢clilmiistiir. Tane yapilarindaki bu kiiglilme ilerleme hizinin artmasi ile
goriilmektedir. ilerleme hizinin artmasi pimin gectigi bélgelerde 1sinin artmasina neden olmaktadir.
Artan bu 1s1 etkisi ile tane yapilar kii¢iilmektedir. Ayni1 zamanda kiiglilen bu taneler de kaynagin
mukavemetini ve sertligini arttirmaktadirlar[26][27].
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DCT

Sekil 6. ilerleme hiz1 ve kriyojenik islemin mikroyapiya etkisi (Feed rate and effect of cryogenic treatment on microstructure)
3.3. Sertlik degerlerinin deneysel sonuclari (Experimental results of hardness values)

Kriyojenik islemin siirtiinme karistirma kaynaginda sertlik iizerine etkisinin arastirilmasi icin 900
devirde 24 mm/dk ilerleme hizinda kaynaklanan numuneler kullanilmistir. Sekil 7. incelendiginde
148,19 Hv olan ham numune sertliginin tiim numunelerde diistiigii gériilmektedir. Ozellikle kriyojenik
islem uygulanmamis islemsiz numunede (U) siirtiinme karistirma kaynagi sonrasi énemli dlgiide
sertlik diislisii gozlemlenmigstir. Siirtinme karistirma kaynagi sonrasi aliminyumun sertliginin,
mekanik ve termal faktdrlerden olumsuz etkilenmesi beklenilen bir durumdur. DKB baz alindiginda en
ylksek sertlik degerinin derin kriyojenik islem ile saglandigi goriilmektedir. Siirtiinme karistirma
kaynag1 sonrasi artan sicaklik etkisi ile yeniden kristallenen bu bélgede tane yapisinin kii¢tilmesi ile
sertligin arttig1 bilinmektedir. Stirtiinme karistirma kaynaginin sergiledigi bu ozellik kriyojenik islem
uygulanmis numunelerde de goriilmektedir. Kriyojenik islem sonucu malzemede yeniden kristallenme
gerceklestigi ve tane yapisinin kiiciildiigiinii bildiren pek ¢ok calisma mevcuttur. Yani siirtiinme
karistirma kaynagi sonrasi uygulanan kriyojenik islem ile ikinci kez 1s1 etkisi ile tane yapisi
kiictilmiistiir. Kriyojenik islemin tane yapisini kiigliltmesinin yaninda homojen tane dagilimi,
dislokasyonlar1 ortadan kaldirma ve artik gerilmeleri diiglirdiigii bilinmektedir. Boylece DKB’de
sertligin kriyojenik islem ile arttig1 diisiiniilmektedir. Derin kriyojenik islemin de s1g kriyojenik isleme
gore daha iyi sonug verdigi goriilmektedir. S1g kriyojenik islem uygulanmis numune sertligi, DKB'de
islemsiz numuneye gore artmistir. Ancak ham numune sertligine ulasamamistir. DKB’de ve tiim
boélgelerde en yliksek sertlik degerlerine sahip olan numune derin kriyojenik islem uygulanan numune
olmustur. Derin kriyojenik islem uygulanan numune DKB’de ham numune sertlik degeri lizerine de
cikmistir.
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Sekil 7. Kriyojenik islemin stirtiinme karistirma kaynagi sertligine etkisi (Effect of cryogenic treatment on friction stir welding
hardness)

4, Sonu(,‘lar (Conclusions)

Bu c¢alismada Al 7050-T7451 alasiminin sirtiinme karistirma kaynaginda ¢ farkl ilerleme hizi
kullanilmis ve ilerleme hizinin yiizey topografyasina etkileri arastirilmistir. Ayrica farkl sicakliklarda
uygulanan Kkriyojenik islemin kaynak boélgelerinde neden oldugu mikroyap: ve sertlik degisimleri
incelenmistir. Deneyler sonrasi elde edilen sonuglar asagida verilmistir.

e Yapilan deneysel calismalar sonucunda ilerleme hizinin 24 mm/dk hizindan 32 mm/dk hizina
arttirilmasi ile yiizey piirtzliliik degerleri Ra %56,4, Rz %65,18, Rp %74,17 ve Rv %163,41
oraninda artmistir.

e flerleme hizinin artmasi ile hem DKB hem de TEB'de tane yapisinin kiigiildiigii
gozlemlenmistir.

e Kriyojenik islem uygulanmis kaynaklarda DKB ve TEB’de tane yapisi kiigiilm{stiir.

e Kriyojenik islem uygulanmis numunelerde sertligin islemsiz numunelere gore artis gosterdigi
tespit edilmistir.

e Derin kriyojenik islemin sig kriyojenik isleme gore kaynak bolgesi sertligini daha fazla
etkiledigi g6zlemlenmistir.

e Derin kriyojenik islem uygulanan numunede sertlik degerinin DKB’de ham numuneye gore
daha yiiksek oldugu tespit edilmistir.
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ABSTRACT

Keywords: Scraped Asphalt Since aggregates constitute the majority of the concrete volume, the use of waste aggregates
Waste, Glass Fiber, Abrasion, is preferred to reduce natural aggregate consumption, contribute to waste disposal and
Fiber Concrete reduce costs. The most important property expected from concrete is compressive strength.

However, in this study, Recycle Asphalt Pavement (RAP) and Glass Fiber (GF) were used to

" Osmaniye K‘gf‘i;‘:‘zilg“‘;’:crjiiy improve the tensile strength of concrete as well as compressive strength. For the
Dept. ofgCivﬂ Engineerin}; experimental study, RAP was replaced with 0-4 mm crushed sand at 0% (REF), 30%, 60%

8000 - Osmaniye, Tiirkiye and 90% by weight, and GF with 6 mm length was included in the mixture in the amount of

Orcid: 0000-0002-2993-0178 0.5, 1 and 1.5 kg/m3 by weight has been done. CEM I 42.5 R type cement was used as binder,

and crushed sand (0-4 mm) and crushed stone (4-12 mm) aggregate were used as aggregate.

b* . . N
Osmaniye Korkut Ata University, The water/cement ratio was waited constant at 0.4. Concrete samples were produced in

Engineering Faculty,

Dept. of Civil Engineering dimensions of 15x15x15, 10x10x10 and 7.1x7.1x7.1 cm. After the samples produced were
8000 - Osmaniye, Tiirkiye waited in the standard curing pool for 7 and 28 days, the experiments were carried out. In
Orcid: 0000-0003-0724-9469 the scope of the study, Slump test, compressive strength, splitting tensile strength, unit

e mail: behcetdundar@osmaniye.edu.tr . . . .. . .
4 volume weight, water absorption, porosity and Boéhme (abrasion) experiments were

© Osmaniye Korkut Ata University, performed on t.he samples. As a result of the experiments, the highest Co.mpressive strength
Engineering Faculty, was measured in the REF sample and the lowest strength was measured in the KAA90-CE1.5
Dept. of Civil Engineering sample in 28-day samples. As a result of the study, the ideal WAA replacement rate was

8000 - Osmaniye, Tiirkiye ; 0 ; ;
Orcid: 0000-0002-9435-2968 determined as 30% and the most ideal CE usage amount was determined as 1.0 kg/m3.
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Betonlarin Fiziksel ve Mekanik Ozeliklerinin

Arastirilmasi
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Beton hacminin biiyiik bir cogunlugunu agregalar olusturdugundan atik agregalarin
kullanimi, dogal agrega tliketimini azaltmak, atik bertarafina katki saglamak ve maliyeti
disiirmek icin tercih edilmektedir. Betondan beklenen en onemli 6&zellik basing
dayanimidir. Ancak bu calismada basing dayanimin yaninda betonlarin ¢ekme
dayanimlarini iyilestirmek amaciyla Kazinmis Asfalt Atigi (KAA) ile Cam Elyaf (CE)
kullanilmistir. Deneysel ¢calisma i¢cin KAA agirlik¢a %0 (REF), %30, %60 ve %90 oranlarinda
0-4 mm boyutlarinda kirma kum ile ikame edilerek, 6 mm uzunluguna sahip olan CE ise
agirlikea 0.5, 1 ve 1.5 kg/m3 miktarda karisima dahil edilmistir. Baglayici olarak CEM [ 42.5
R tipi ¢imento, agrega olarak da kirma kum (0-4 mm) ve kirma tas (4-12 mm) agregasi
kullanilmistir. Su/¢imento orani 0.4 olarak sabit tutulmustur. Beton numuneleri 15x15x15,
10x10x10 ve 7.1x7.1x7.1 cm boyutlarinda iiretilmistir. Uretilen numuneler 7 ve 28 giin
siireyle standart kiir havuzunda bekletildikten sonra deneyler uygulanmistir. Calismada
kapsaminda numunelere Slump (¢6kme), basing dayanimi, yarmada ¢ekme dayanimi, birim

hacim agirlik, su emme, porozite ve Bohme (asinma) deneyleri yapilmistir. Deneyler
sonucunda, 28 gilinliik numunelerde en yiiksek basing dayanimi REF numunesinde, en

Anahtar Kelimeler: Kazinmus diisiik dayanim ise KAA90-CE1.5 numunesinde dl¢iilmiistiir. Yapilan ¢alisma sonucunda en
Asfalt Atigi, Cam Elyaf, Asinma, ideal KAA'nin ikame orami %30, en ideal CE kullanim miktar1 ise 1.0 kg/m3 olarak
Lifli Beton belirlenmistir.
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Mechanical Properties of Concrete Produced with Scraped Asphalt Waste and Glass Fiber,” Gazi
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1. Glrl$ (Introduction)

Diinyada her yil farkli ve ¢ok sayida endiistriyel atik olusmaktadir. Bu atiklara ugucu kiil, ytliksek firin
clirufu, beton atiklar1 ve asfalt kaplama atiklar1 6rnek olarak goésterilebilir. Bu atiklarin beraberinde
getirdigi sorunlardan olan depolama sorunu giderek artmaktadir. Bu sorunu ortadan kaldirmak i¢gin
atik malzemelerin geri doniisiim stirecine sokulmasi gerekmektedir. Ayni zamanda atik malzemeleri
geri doniistiiriilmesi ¢evre kirliligi azaltma yontemleri arasinda yer alir. Bu atiklardan biri olan asfalt
atigy, Uist yapi onarim siirecine bagh olarak ortaya ¢ikan bitiimlii bir malzemedir. Asfalt atig1 eskimis
asfalt ve agregadan meydana gelir ve alt tabaninda grantiler bir malzeme igerir. Asfalt atig1 agregasini
¢cimento esasli malzemelere dahil edilmesi ¢evresel ve ekonomik faydalar saglamaktadir [1]. Bunun
lizerine yapilan ¢alismalar incelendiginde islenebilirligi ve mekanik davranislarda olumsuz, stineklik
davraniglarinda iyilesme gosterdigi bildirilmistir [2,3]. Beton tretiminde kullanilan agregalarin
azaltilip geri donistiiriilmiis malzeme ile yer degistirilmesi ¢evre kirliligi ve depolama sorunlarini da
diizenli olarak azaltmaktadir [4]. Bu nedenle betonda kullanilan geri doniistiiriilmiis malzemelerin
kullanimi giin gectikce daha ¢ok artmaktadir. Betonlarda geri dontstiiriilmiis atiklarin kullaniminin
yanisira mekanik davranislarini arttirmak icin mineral katkilar ve ¢esitli lifler eklenerek zayif olan
ozellikleri gliclendirilmektedir. Beton ¢ekme dayanimi agisindan zayif bir malzemedir. Zamanla
uygulanan gerilmeler nedeniyle betonda catlamalar ve dayaniklilik sorunlarindan kaynaklanan
bozulmalar goriilmektedir [5,6]. Beton elemanlarinin ¢ekme dayanimini iyilestirmek i¢in karisimda
cesitli lifler kullanilmaktadir. Ayni zamanda lif ilavesi c¢atlak direncinin arttirilmasinda etkili bir
yontemdir [7-9]. Bu durum ¢ekme ytikleri altindaki betonun kapasitesini 6nemli 6l¢iide arttirmaktadir.
Liflerin ucak park yerleri, tiinel kaplamalari, sev stabilizasyonlari, hidrolik yapilar ve patlamaya
dayanikl yapilarda kullanimi giin gectikge artmaktadir [10,11]. Genel olarak catlak direnci igin
kullanilan CE’ler, cekme mukavemetini arttirmasi nedeniyle yaygin olarak kullanilir. Kullanilan CE,
liflerin genel 6zellikleri olan islenebilirlik agisindan olumsuz etkilere sahip olsa da betonun mekanik
ve dayaniklilik 6zelliklerini 6nemli 6l¢iide iyilestirmektedir [12]. Literattirde KAA ve CE kullanimlariyla
ilgili literatiir mevcuttur. Soltanabadi, vd. yapmis olduklar1 calismada dogal iri agrega, geri
dontistiirilmis beton agregasi ve geri dontstiiriilmiis asfalt agregasi iceren kirislerin davranisini
incelemistir. Geri doniistirtilmiis asfalt atigin1 %50 ve %100 oranlarinda kullanmistir. Sonuglar
incelendiginde ise dogal iri agreganin %50 oraninda asfalt ve beton atig1 ile degistirilmesinde kesme
kapasitesinde %4 ile %11 oranlar: arasinda azalma gozlemlemislerdir [13]. Muhammed et al. (2021),
CE igeren yliksek performansh fiber takviyeli harc¢larin siineklik 6zelliklerini ve fiziksel 6zelliklerini
arastirmislardir. Numune tretiminde CE’yi hacimsel olarak %3, %2.5, %2, %1.5, %1, %0.5 ve %0
oranlarinda kullanmislardir. Sonuglar, %3 ila %1.5 CE igeren karisimin daha yiiksek mukavemet
gosterdigini ve daha fazla CE ilavesinin faydasiz oldugunu gozlemlemislerdir [14]. Paktiawal ve Alam
2022 yilinda yapmis olduklar1 ¢alismada CE ve Bazalt elyaf kullanarak yiliksek dayanimli betonlar
tretmislerdir. Kullanilan elyaf oranlarini ¢imentoya agirlikca %0.8, 1.2, 1.6, 2.0 ve %2.4 olarak
se¢mislerdir. Sonug olarak optimum CE ve bazalt elyaf oranlarinin sirasiyla %1.6 ve %1.2 olarak ve
CE’nin bazalt elyaftan daha yiiksek oranda dagilma 6zelligi gosterdigini saptamislardir [15].

Bu ¢alismada, KAA ve CE ile tretilen betonlarin fiziksel ve mekanik 6zelikleri arastirllmistir. KAA
glincel calismalarda siklikla kullanilan bir atik tiirtidiir. Ancak bu ¢alismada KAA kullaniminin yaninda
CE kullanilarak iki degiskenin birlikte kullanildig1 ve ayrintili bir sekilde beton 6zelliklerine etkisinin
incelendigi ¢alismaya rastlanmamistir. KAA ile beton iiretiminde, bazi olumsuz mekanik 6zelliklerini
iyilestirilmesi amaciyla CE ile birlikte bu olumsuzluklarin giderilmesi amaglanmistir. Bu amag
dogrultusunda s/¢ orani 0.4 ve ¢cimento dozaj1 350 kg olarak sabit tutulmustur. KAA %0, %30, %60 ve
%90 oranlarinda 0-4 mm boyutlarinda olan kirma kum ile ikame edilmistir. CE ise agirlik¢a 0.5, 1.0 ve
1.5 kg/m3 miktarlarinda kullamlmstir. Uretilen betonlara Slump (¢6kme) deneyi, basing dayanimy,
yarmada ¢ekme dayanimi, birim hacim agirlik, su emme, porozite ve Bohme (asinma) deneyleri
uygulanmistir.

2. Malzeme ve Yontem (Material and Method)

Deneysel ¢alisma icin kullanilacak olan betonun hazirlanmasinda baglayici olarak TS EN 197-1
standardina uygun olarak iiretilen CIMSA Cimento San. Tic. A.S.’den temin edilen CEM [-42.5/R tipi
¢imento kullanilmistir [16]. Baglayic1 olarak kullanilan ¢imentonun kimyasal ve fiziksel ozellikleri
Tablo 1'de verilmistir.
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Tablo 1. Kullanilan CEM I 42.5/R ¢imentosunun kimyasal ve fiziksel 6zellikleri (Chemical and physical properties of the CEM I 42.5/R

cement used)
Kimyasal Analiz Analiz Sonuclar1 (%)
Al203 (%) 5.65
Si02 (%) 20.62
b Ca0 (%) 62.08
=
E Fe203 (%) 4.05
Q
3 K20 (%) 0.69
S
£ S03 (%) 2.57
4
MgO (%) 2.55
Na20 (%) 0.27
Kizdirma Kaybi 1.55
Cozlinmez Kalinti 0.54
Yogunluk (gr/cm3) 3.11
B
E Blaine- incelik (cm2/g) 3400
E Serbest CaO 0.3
©
E Serbest Kire¢ 1.21
-E Priz Baslangici (dk) 135
Priz Sonu (dk) 220

Beton numuneler iiretiminde kullanilan su, TS EN 1008 standardina gore igilebilir nitelikte Osmaniye
ili sebeke suyu kullanilmistir [17]. Agrega olarak TS 706 EN12620+A1 standardina uygun kirma kum
(0-4 mm) ve kirma tas (4-12 mm) agregalar1 kullanilmistir [18]. Beton numunelerin hazirlanirken
karisimda kullanilan kimyasal katki yiiksek oranda su azaltici/siiper akigkanlastirici (Fosroc Gantre
142) segilmistir. Kullanilan siiper akiskanlastirici kimyasal katki her karisim igin sabit tutulup
baglayicinin %1.2 oraninda karisima ilave edilmistir. Kullanilan kimyasal katkinin teknik 6zellikleri
Tablo 2’de verilmistir.

Tablo 2. Kimyasal katkinin teknik 6zellikleri (Technical characteristics of the chemical additive)

Ozelikler Degerler
Malzemenin Yapisi Polikarboksilik eter esash
Gorinim Kahverengi- Sivi
Ozgiil Agirhk 25°C'de 1.18 kg/L
pH Degeri 5-7
Klor Icerigi En fazla %0.1
Hava Siiritklenmesi En fazla %2

Osmaniye Belediyesinden temin edilen KAA, kullanim 0mriinii tamamlamis veya yenilenmek i¢in
kazinan asfalt ¢eneli kiric1 yardimiyla kirilarak 0-4 mm tane boyutuna getirilip numune iiretiminde
kullanilmistir (Sekil 1).
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Sekil 1. KAA goriiniimii (KAA appearance)

Calismada kullanilan CE, Fiber Elyaf Kompozit A.S. tarafindan iiretilen 6 mm uzunlugunda segilmistir.
Kullanilan CE’ye ait teknik 6zellikler Tablo 3’te, gériiniimii ise Sekil 2’de verilmistir.

Tablo 3. CE’in teknik 6zellikleri (Technical specifications of CE)

Lif Cesidi Lif Boyu Lif Cap1 Ozgiil Agirhik Elastisite Modiilii Cekme Mukavemeti (MPa)
(mm) (um) (mg/m3) (MPa)
Cam 6 13 2.68 72000 1700

Sekil 2. CE goriiniimii (CE appearance)

Calisma kapsaminda hazirlanan beton numeneler TS 802 standardina uygun olarak beton karisimlari
hazirlanmistir [19]. KAA, 0-4 mm kirma kum ile %0, %30, %60 ve %90 oranlarinda ikame edilmistir.
CE ise agirlik¢a 0.5, 1.0 ve 1.5 kg/ m3 miktarlarinda kullanilmistir. Calisma kapsaminda iiretilen beton
numunelerinin KAA ve CE igerigine gére isimlendirilmistir. Ornegin KAA30-CE1.5 isimlendirilmesinde
KAA30 ifadesi KAA oraninin %30 oldugunu, CE1.5 ifadesi ise CE'nin 1.5 kg/m3 miktarinda
kullanildigini ifade etmektedir. Uretilen numunelerin hazirlanmasinda kullanilan 1 m3 i¢cin malzeme
miktarlilar1 Tablo 4’te verilmistir.
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Tablo 4. 1 m3 Beton i¢in gerekli olan malzeme miktarlari (kg) (Amount of material required for 1 m3 of concrete (kg))

Kimyasal Kirma Kum Kirma Tas
Numune Ad1 Cimento Su CE
Katki (0-4 mm) (4-12 mm)
REF 0 1073 0
REF-CE0.5 0.5 1073 0
REF-CE1.0 1 1073 0
REF-CE1.5 1.5 1073 0
KAA30 0 749 276
KAA30-CE0.5 0.5 749 276
KAA30-CE1.0 1 749 276
KAA30-CE1.5 1.5 749 276
350 140 4.2 875
KAA60 0 425 552
KAA60-CE0.5 0.5 425 552
KAA60-CE1.0 1 425 552
KAA60-CE1.5 1.5 425 552
KAA90 0 101 827
KAA90-CE0.5 0.5 101 827
KAA90-CE1.0 1 101 827
KAA90-CE1.5 1.5 101 827

Taze haldeki betonlarin islenebilirliginin belirlenmesi amaciyla TS EN 12350-2 standardina uygun
olarak Slump (¢6kme) deneyi yapilmistir [20]. Slump deneyi yapilan numuneler énceden yaglanmis
15x15x15, 10x10x10 ve 7.1x7.1x7.1 cm boyutlarindaki kaliplara sarsma tablasi yardimiyla
yerlestirilmistir. 24 saat kalipta bekletildikten sonra sertlesen beton numuneleri kiir havuzuna
alinmistir. Boyutlar1 15x15x15 cm olan beton numuneleri 7 ve 28 giinliik kiir siirelerinin
tamamlanmasindan ardindan TS EN 12390-3 standardina uygun basin¢ dayanimi, TS EN 12390-6
standardina uygun yarmada ¢ekme dayanimi deneylerine tabi tutulmustur [21,22]. Boyutlar:
10x10x10 cm olan beton numuneleri tizerinde Arsimet terazisi yardimiyla TS EN 1170-6 standardina
uygun olarak porozite, su emme ve BHA'lar1 belirlenmistir [23].

Boyutlar1 7.1x7.1x7.1 cm olan beton numunelerinin asinma direnclerinin belirlenmesi amaciyla TS
2824 EN 1338/AC standardina uygun Béhme (asinma) deneyine tabi tutulmustur [24]. Béhme
(asinma) deneyi sirasinda, numune dokiim yiizeyi ve ona karsilik gelen alt yiizey haric diger 4 ylizeyin
4 kez yapilmasi sonucu toplamda 16 defa tekrarlanarak numune asinmaya maruz birakilmistir. Her bir
asinma sirasinda 20 gramlik zimpara tozu kullanilmis olup yatay disk 22 tur g¢evrilerek numuneler
asinmaya maruz birakilmistir. Deney sonrasinda numunenin asinma sonucu agirlik kayiplar
belirlenmistir.

3. Bulgular ve Tartlsma (Results and Discussion)

Hazirlanan beton karisimlarinin islenebilirligini belirlemek icin taze haldeki betona Slump (¢6kme)
deneyi yapilmistir. Yapilan Slump (¢6kme) deneyinin sonugclar1 Sekil 3’te gosterilmistir. Sekil 3
incelendiginde REF numunesinin ¢c6kme degeri 18.5 cm 6l¢iilmiistiir. REF karisimlarina CE eklendikge
Slump (¢okme) degerlerinde diistisler gozlemlenmistir. REF-0.5, REF-1 ve REF-1.5 numunelerin Slump
(cokme) degerleri sirasiyla 18.5,17.5 ve 17 cm belirlenmistir. KAA30, KAA60 ve KAA90 numunelerinde
benzer sonuglar goriilmiis ve CE miktar1 arttik¢a Slump (¢okme) degeri azalmistir. Amin M. vd 2020
yilinda yapmis oldugu c¢alismada CE miktarinin artmasiyla Slump (¢6kme) degerinin azalmasini
gozlemlemistir [25]. Slump (¢6kme) degerlerini KAA agisindan incelendiginde KAA ikame orani
arttikca ¢okme degerleri azalmistir. Hossiney N. Vd 2020 yilinda yapmis olduklari ¢calismada asfalt atig1
icermeyen numunede en yiiksek Slump (¢cokme) degeri goriiliirken %25, %50 ve %75 asfalt atigi iceren
numunelerde Slump (¢c6kme) degerlerinde azalmalar olmustur [26]. En diisiik cokme degeri ise 8 cm
ile KAA90-CE1.5, en yiiksek c6kme degeri ise 18.5 cm ile REF numunesine aittir.
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Slump (¢okme) degerleri (cm)

REF

REF-CEO,5
REF-CE1.0
REF-CE1.5

KAA30-CEO.5
KAA30-CE1.0
KAA30-CE1.5
KAA60-CEQ.5
KAA60-CE1.0
KAA60-CE1.5
KAA90-CEO.5
KAA90-CE1.0
KAA90-CE1.5

Sekil 3. Slump (¢6kme) degerleri sonuglari (Slump values results)

Uretilen beton numunelerine 7 ve 28 giinliik kiir uygulamasinin ardindan basing dayanimi deneyi
uygulanmistir. KAA ve CE’li numunelerin 7 ve 28 giinliik basing dayanimlar1 Sekil 4’te verilmistir.
Beton numunelerinin 7 giinliik basing dayanim verileri incelendiginde en yiiksek dayanim 51.45 MPa
degeri ile KAA30 olmustur. En diisiik dayanim ise 36.32 MPa degeri ile KAA90-CE1.5 numunesinde
meydana gelmistir. Beton numunelerinin 28 giinliik basing dayanim verileri incelendiginde, en yiiksek
basing dayanimi 63.84 MPa degeri ile REF numunesinde, en diisiik dayanim ise 39.44 MPa degeri ile
KAA90-CE1.5 olmustur. Beton kiir siiresi artik¢a tiim numunelerin basing dayanimlarinda artis
gerceklesmistir. REF ve KAA numunelerinde CE miktar: arttik¢a basing dayanimlarinda genel olarak
bir diisiis gerceklestigi goriilmektedir. KAA ikame oraninin %30 oldugu KAA30 numunesinde basing
dayanimi REF numunesine oranla artarken, bu oranin %60 ve %90 ¢ikmasi durumunda basing
dayanimu diistisleri gergeklesmistir. Basing dayanimi i¢in en ideal oranin KAA30 oldugu gorilmiistir.
Beton numunelerde basing dayaniminin azalmasina neden olan agrega ile yer degistirilen KAA'nin
beton igerisinde bitiimden kaynakli yumusak yiizey olusturmasi oldugu soylenebilir [27].
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Sekil 4. Beton numunelerinin 7 ve 28 giinliik basing dayanimi sonuglari (7 and 28 day compressive strength results of concrete
Samples)

Uretilen beton numunelerine 7 ve 28 giinliik kiir uygulamasinin ardindan yarmada ¢ekme dayanimi
deneyi uygulanmigtir. KAA ve CE’li numunelerin 7 ve 28 giinliik yarmada ¢ekme dayanimlari Sekil 5’te
verilmistir. 7 ve 28 giinliik yarmada ¢ekme dayanimu verileri incelendiginde, CE 1.0 kg/m3 miktarinda
kullanildiginda yarmada ¢ekme dayanimi artarken CE miktarinin 1.5 kg/m3 kullanimiyla diistisler
gerceklesmistir. Genel olarak KAA ikame oraninin artmasiyla birlikte yarmada ¢ekme dayanimlarinda
distsler gerceklesmistir. 7 glinliikk yarmada ¢ekme dayaniminda en yiiksek dayanim 3.633 MPa degeri
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ile REF-CE1 numunesi, en diisiik ¢ekme dayanimi ise 2.110 MPa degeri ile KAA90 numunesinde
olmustur. 28 giinliik yarmada ¢ekme dayanim verileri incelendiginde en yiiksek cekme dayanimi 3.906
MPa degeri ile REF-CE1 numunesi, en diisiik dayanim ise 2.334 MPa degeri ile KAA90 numunesinde
olmustur. KAA iceren numuneler incelendiginde ise REF-CE1.0 numunesine en yakin 3.842 MPa degeri
ile KAA60-CE1.5 numunesi olmustur. Beton numunelerinin yarmada ¢ekme dayanimlari esas
alindiginda en ideal CE miktarinin 1.0 kg/m3 oldugu sonucuna varilmistir. Marcalikova, vd. 2020
yilinda yapmis olduklar1 ¢calismada farkl elyaf tiirlerinin gekme mukavemetini karsilastirmistir. Elde
edilen sonuglar incelendiginde ise lifli betonlarin normal betonlara gore basing dayanimlarinda diisiis
goriiliirken, cekme mukavemetinde 6nemli bir artis gérmiistiir [28]. Yurt 2020 yilinda yapmis oldugu
calismada CE, bazalt elyaf ve polipropilen elyaf olmak iizere farkli cesit elyaflar1 Jeopolimer betonda
kullanmis ve egilme dayanimlarinin arttigini gézlemlemistir [29]. Ahmed, vd. 2017 yilinda normal
beton ve CE takviyeli kendiliginden yerlesen beton ile yapmis oldugu ¢alismada CE ilavesinin yarmada
¢cekme dayanimini arttirdigini géstermistir [30].
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Sekil 5. Beton numunelerinin 7 ve 28 giinliik yarmada ¢ekme dayanimi sonuglari (7 and 28 days split tensile strength results of
concrete Samples)

Uretilen beton numunelerine 28 giinliik kiir uygulamasinin ardindan BHA deneyi uygulanmistir. Beton
numunelerinin BHA degerleri Sekil 6’da verilmistir. Sekil 6 incelendiginde KAA ve CE ilavesi
numunelerin BHA'y1 diislirmiistiir. REF numunesinin BHA 2514 kg/m3 iken, CE'nin 0.5, 1.0 ve 1.5
kg/m3 miktarinda kullanilmasiyla BHA sirasiyla 2417, 2383 ve 2438 kg/m3 olarak belirlenmistir. En
distik BHA 2246 kg/m3 degeri ile KAA60-CE1.5 numunesi, en yiiksek ise 2514 kg/m3 degeri ile REF
numunesi olmustur.
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Sekil 6. Beton numunelerinin BHA degerleri (BHA (Unit Volume Weight) values of concrete Samples)
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Uretilen beton numunelerine 28 giinliik kiir uygulamasinin ardindan su emme ve porozite deneyleri
uygulanmistir. Beton numunelerinin su emme yiizdeleri Sekil 7'de, porozite yiizdeleri ise Sekil 8'de
verilmistir. Sekil 7°de verilen numunelerin su emme yiizdeleri incelendiginde, KAA ikamesiyle su
emme ylizdelerinde REF’e gore artis gozlemlenmistir. Ancak KAA ikame oranlarini kendi igerisinde
degerlendirdigimizde KAA oraninin artmasiyla su emme ytizdeleri azalmistir. REF numunesinin su
emme ylizdesi %2.61 iken, KAA30, KAA60 ve KAA90 numunelerinde su emme ytizdeleri sirayla %4.05,
%2.89 ve %2.56 olmustur. CE'nin 0.5 kg/m3 miktarinda ilavesiyle su emme ylizdelerinde diisiis
gozlemlenirken, daha yiiksek miktarlarda kullanilan numunelerde artis meydana gelmistir. Sekil 8’de
verilen numunelerin porozite yiizdeleri incelendiginde, KAA ikamesiyle porozite ylizdelerinde REF’e
gore artis gozlemlenmistir. REF numunesinde porozite yiizdesi %6.56 iken, KAA30, KAA60 ve KAA90
porozite yiizdeleri sirasiyla %9.70, %6.67 ve %5.93 seklindedir. En diisiik porozite ylizdesi %4.61
degeri ile REF-CEOQ.5, en yliksek porozite ylizdesi ise %10.16 degeri ile KAA30-CE1.5 olmustur. Fiziksel
ozelliklerin belirlenmesi i¢in yapilan deneyler sonucunda, en ideal KAA oraninin %30, CE miktarinin
ise 0.5 kg/m3 oldugu sonucuna varilmistir. Kullanilan KAA’'nin ylizeyinde bulunan asfalt atiklar1 ve
dogal agregadan sekilsel olarak farkliliklarindan kaynakli betonda aderansi azalttigini daha bosluklu
betonlar elde edilmesine ve dolayisiyla yiiksek su emme yiizdelerine sebep olmustur.
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Sekil 8. Beton numunelerinin porozite degerleri (Porosity values of concrete Samples)

Uretilen beton numunelerine 28 giinliik kiir uygulamasinin ardindan Béhme (asinma) deneyi
uygulanmistir. Beton numunelerin Bohme (asinma) deneyine ait sonuglart Sekil 9’da verilmistir.
Bohme (asinma) deneyi sonucunda elde edilen beton numunelerin agirlik kayiplari incelendiginde, en
ylksek agirlik kayb1 %5.25 degeri ile KAA60-CE1.0 numunesi, en diisiik agirlik kaybi ise %3.04 degeri
ile KAA90-CE1 numunesinde meydana gelmistir. KAA'nin %30 oraninda ikamesiyle REF ile
kiyaslandiginda agirlik kaybi azalirken, bu oranin artisi ile birlikte agirhik kayiplar1 artmistir. CE
kullanim miktarinin degisimi her bir REF ve KAA ikameli numunelerde farkli davranislar elde
edilmistir. CE kullanilan beton numunelerin en diisiik agirlik kayb1 KAA90-1.0 numunesinde %3.04, en
ylksek agirlik kaybi ise KAA60-1.0 numunesinde %5.25 olarak goriilmiistiir.
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Sekil 9. Beton numunelerinin Bohme (asinma) deneyi sonucu agirlik kayiplari (Weight losses of concrete samples as a result of Bshme
(abrasion) test)

4, Sonu(,‘lar ve Oneriler (Conclusions and Suggestions)

KAA ve CE ile lretilen betonlarin fiziksel ve mekanik 6zeliklerinin arastirilmasi amaciyla yapilan
deneysel calismalarin sonuglari asagidaki gibidir.

e REF kanisimlarina CE eklendikce Slump (¢okme) degerlerinde diisiisler gozlemlenmistir.
KAA30, KAA60 ve KAA90 numunelerinde benzer sonuglar goriilmiis ve CE miktar1 arttik¢a
Slump (¢okme) degeri azalmistir.

e Beton kiir stiresi artik¢ca tiim numunelerin basing dayanimlarinda artis gerceklesmistir. REF
ve KAA numunelerinde CE miktar arttikca basin¢g dayanimlarinda genel olarak bir diisiis
gorilmektedir. KAA ikame oraninin %30 oldugu KAA30 numunesinde basing dayanimlari REF
numunesine oranla artarken, bu oranin %60 ve %90 ¢ikmasi durumunda basing dayanim
disiisleri gerceklesmistir.

e Beton kiir siiresi artikca tiim numunelerin yarmada ¢ekme dayanimlarinda artis
gerceklesmistir. CE 1.0 kg/m3 miktarinda kullanildiginda yarmada ¢gekme dayanimi artarken
CE miktarinin 1.5 kg/m3 kullanimiyla diisiisler gerceklesmistir. Genel olarak KAA ikame
oraninin artmasiyla birlikte yarmada ¢ekme dayanimlarinda diisiis goriilmektedir.

e Mekanik ozelliklerin belirlenmesi i¢in yapilan deneyler sonucunda, en ideal KAA oraninin
%30, CE miktarinin ise 1.0 kg/m3 oldugu sonucuna varilmistir.

e KAA ikamesi ve CE ilavesi betonlarin bosluk miktarimi arttigindan BHA’larinin diismesine
sebep olmustur.

o KAA ikamesiyle su emme degerleri REF’e gore artis gozlemlenmistir. Ancak KAA ikame
oranlarini kendi igerisinde degerlendirildiginde KAA oraninin artmasiyla su emme degerleri
azalmistir. CE’nin 0.5 kg/m3 miktarinda ilavesiyle su emme degerlerinde diisiis
gozlemlenirken, daha yiiksek miktarlarda kullanilan numunelerde artis meydana gelmistir.

o KAA ikamesiyle porozite degerlerinde REF’e gore artis gézlemlenmistir. Su emme degerleriyle
benzer davranis gostermistir.

o  Fiziksel 6zelliklerin belirlenmesi icin yapilan deneyler sonucunda, en ideal KAA oraninin %30,
CE miktarinin ise 0.5 kg/m3 oldugu sonucuna varilmistir.

e KAA'min %30 oraninda ikamesiyle REF ile kiyaslandiginda agirlik kaybi azalirken, bu oranin
artisiile birlikte agirlik kayiplari artmistir. CE kullanim miktarinin degisimi sonucu her bir REF
ve KAA ikameli numunelerde farkli davranislar elde edilmistir. CE kullanilan beton
numunelerin en diisiik agirlik kayb1 KAA90-1.0 numunesinde %3.04, en yliksek agirlik kaybi
ise KAA60-1.0 numunesinde %5.25 olarak goriilmiigtiir.

Yapilan tiim deneyler sonucunda KAA'nin ikame orani %30 ve CE kullanim miktar1 1.0 kg/m3 olarak
belirlenmistir. Bu oran ve miktar belirlenirken uygulanan deneyler sonucunda beton numunelerinin
fiziksel ve mekanik 0Ozellikleri géz oniinde bulundurulmustur. CE’nin miktarinin 1.0 kg/m3
kullanilmasi durumunda basin¢ ve Bohme (asinma) deneyi sonucunda ihmal edilebilir olumsuz etkisi
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goriilmesine ragmen diger deney sonuglarinda goriilen olumlu etkisi sayesinde ideal miktar olarak
belirlenmistir. Bu calisma sonucunda gelecekte yapilacak olan ¢alismalarda, bulunan sonugclar
dogrultusunda KAA ve CE kullanimiyla fiziksel ve mekanik o6zelliklerinin yanisira dayaniklilik
ozelliklerinin de ¢alisilabilecegi 6nerilmektedir.
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ABSTRACT

Sleep disorders have high prevalence and cause various health problems. For the
diagnostics of these disorders and assessment of the sleep quality, many physiological data
are collected using polysomnogram (PSG) method. The most important PSG data is the EEG
recorded from the brain during sleep. Analysis of hours of sleep EEG data by experts is an
onerous task which requires high attention. Recently, many automatic sleep staging
classifiers using EEG are developed in order to prevent human error, and to provide a quick
objective analysis. They use machine learning techniques and predict the sleep stage of each
EEG epoch. Compared to traditional machine learning, deep learning which requires no
hand-crafted feature extraction was able to classify sleep stages better. 1D Convolutional
Neural Networks (CNN) are the main methods used in automatic sleep staging recently. In
this research a simple 2D-CNN based automatic sleep staging feasibility is investigated. It
has been found that a 2D CNN can classify the sleep stages by accuracy of 92.55% and with
a Cohen’s kappa of 0.82.

EEG ve 2 Boyutlu Evrisimsel Sinir Aglari
Araciligiyla Otomatik Uyku Evre Tayini

0Z

Uyku bozukluklar toplumda oldukg¢a yaygin goriilmekle birlikte ¢esitli saglik sorunlarina
neden olmaktadir. Bu bozukluklarin teshis edilmesi ve uyku kalitesinin belirlenmesi icin
Polisomnogram metodu ile birgok fizyolojik veri toplanilir. En énemli veri uyku halinde
beyinden kaydedilen EEG verisidir. Saatler siiren uykuya ait EEG verilerinin uzmanlar
tarafindan analiz edilmesi yiiksek dikkat isteyen cok zahmetli bir istir. Son zamanlarda
insan hatalarin1 6nlemek ve hizli nesnel bir analiz gerceklestirmek amaciyla EEG
sinyallerini kullanan otomatik uyku evre siniflandirilar: gelistirilmistir. Bu siniflandiricilar
makine 6grenmesi yontemlerini kullanir ve her bir EEG kesitine dair uyku evresini tahmin
eder. Geleneksel makine dgrenmesi yontemlerine kiyasla elle hi¢bir 6znitelik ¢ikarimi
gerektirmeyen derin 6grenme uyku evre siiflandirmasinda daha basarili olabilmistir. Son
zamanlarda, tek boyutlu evrisimsel sinir aglar1 otomatik uyku evre siniflandirmasinda ana
yontem olmustur. Bu arastirmada iki boyutlu basit bir evrisimsel sinir aglarina dayali
otomatik uyku evre smiflandirilmasinin uygulanabilirligi incelenmistir. iki boyutlu
evrisimsel sinir aglarinin  %92.5 dogruluk ve 0.82 Cohen Kappa degeri ile
siniflandirmabildigi bulunmustur.

To cite this article: 1. Kaya, “Automatic Sleep Staging by EEG and 2D-Convolutional Neural Network,”
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1. Introduction

Sleep is a vital process for human health and function. Correct and early diagnosis of sleep problems is
critical. Sleep staging is used to diagnose sleep disorders. It is done by collecting diagnostic data from
subjects during sleep and evaluation by sleep experts. Overnight polysomnogram (PSG) is a gold
standard method to investigate the quality of sleep and rate the sleep stages [1]. In PSG, many sensors
are connected to the subject and various data such as EEG, EOG, EMG, ECG, respiratory efforts, airflows,
and blood oxygenation are collected [2]. EEG is the most widely used reliable data related with the
brain activity. Human sleep consists of repetitions of six different stages which are; wakefulness (W),
4 Non Rapid Eye Movement (REM) stages (S1-S4), and REM sleep as described by Rechtschaffen and
Kales (R&K) [3-4]. Typical sleep stage EEG rhythms for Wake, S1 to S4 and REM sleep are shown in
Figure 1. Each colored plot is a typical 30second EEG signal of particular sleep stage. A night sleep
usually involves 90 minutes cycles of N2, N3, REM and N1 [5]. This cycle repeats 4-5 times in one night

sleep.
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Figure 1. Six different sleep stages according to R&K.

In the sleep staging various features such as K-complexes, spindles, alpha bursts, amplitudes, frequency
content, EMG level, eye movements are used [6]. In a typical PSG, EEG data is segmented with 30s
epochs and each epoch is classified as one of the 6 stages of sleep. However, the American Academy of
Sleep Medicine (AASM) has another standard suggesting grouping sleep epochs into 5 distinct sleep
stages [7]. Sleep staging used to be done by inspection of each epoch by a trained sleep expert, however
since PSG data contains many hours of information it is very time consuming and prone to mistakes.
Therefore, some sort of automatic sleep staging is required. While manual feature extraction based
machine learning methods have reasonable performances in the automatic sleep staging by EEG, there
exist some limitations such as prior knowledge and inability to generalizing to broader datasets and
different subjects [8]. Thus, deep learning methods become a better alternative, since they do not
require the hand crafted feature extraction and can be generalized to new different data easily.

In the sleep staging various features such as K-complexes, spindles, alpha bursts, amplitudes, frequency
content, EMG level, eye movements are used [6]. In a typical PSG, EEG data is segmented with 30s
epochs and each epoch is classified as one of the 6 stages of sleep. However, the American Academy of
Sleep Medicine (AASM) has another standard suggesting grouping sleep epochs into 5 distinct sleep
stages [7]. Sleep staging used to be done by inspection of each epoch by a trained sleep expert, however
since PSG data contains many hours of information it is very time consuming and prone to mistakes.
Therefore, some sort of automatic sleep staging is required. While manual feature extraction based
machine learning methods have reasonable performances in the automatic sleep staging by EEG, there
exist some limitations such as prior knowledge and inability to generalizing to broader datasets and
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different subjects [8]. Thus, deep learning methods become a better alternative, since they do not
require the hand crafted feature extraction and can be generalized to new different data easily.

2. Materials and Method
2.1. Dataset

The data is obtained from the sleep-edfx expanded database on physionet [12]. The dataset contains
197 whole-night PSG sleep recordings, however only the first 20 subject recordings are used, because
there is a clear subject age difference between the first 20 subjects and the rest. The selected dataset
consists of two PSG files for each of 20 subjects with ages ranging from 25 to 34. Each subject recordings
took place during two consequtive day and night periods, except subject 13 who had only one night
data. Also each PSG file is associated with a hypnogram file which basically labels the data epochs as
Wake, REM, Stage 1, Stage 2,Stage 3, Stage 4, M (Movement time) and ? (not scored) according to R&K
sleep staging method. In PSG data there are four electrode recordings from two EEG channels Fpz-Cz
and Pz-Oz, one EOG and one EMG channels. In addition, there are Resporonasal, EMGSubmenta,
Tempbody, and Eventmarker in the data. In this study, two channels of EEG data from Fpz-Cz and Pz-
0z electrodes are exploited. The sampling rate is 100Hz and one sleep EEG epoch contains 3000 time
series data points corresponding to 30s. Epochs labelled as M and ? are excluded from the dataset
because they are artifacts. The sleep data stages are converted from 6 stage R&K standard to
conventional AASM staging standard of 5 sleep stages by combining the stages 3 and stages 4 as non-
REM3 (N3). In AASM there are Wake ,three non-REM N1, N2, N3 stages and a REM stage. The
distribution of sleep stages in the dataset is not even and this is a major problem with the proper
training of the network.

The hold out method is used to separate the test and train data. The first 14 subjects, Subjects SO to S14
(excluding S13) are included in the training set and remaining 5 subjects (§15-S19) are grouped as the
test dataset. Following the training, the model is tested with the data that has never been used in
training.

2.2. Method
2.2.1 Image formation

In MATLAB environment, a single dimensional time series EEG signal is converted into a 2D image to

fit the input format and to train 2D CNN model as shown in Figure-2. EEG sleep epochs of 30s or 3000

data points from Fpz-Cz channel are reshaped into 50x60x1. Similarly another image color layer is

created by subtracting the 30s, 3000 data points of Pz-Oz from the Fpz-Cz channel data and assigned

as the second color of the 50x60x2 image. This subtraction which a basic spatial filtering, cancelled the

common background activity between Fpz-Cz and Pz-0z electrodes.
A

o AT AW A A A AL A
TR AT .. o epac

50 | 5 50 x 60 image matrix

Figure 2. (A) 2D image from EEG data. (B) A 50 x 60 pixel image from one EEG time series data. Signal values are set as the
image pixel colors. Additional color is added to the image using the subtraction of Pz-Oz and Fpz-Cz EEG data as the second
color.

2.2.2 Two-Dimensional convolution neural network (2D-CNN)

In CNN architecture, first a 2D convolution layer is used to extract the features from the images. It
applies sliding convolutional filters to 2D input. Batch normalization layer is used between
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convolutional layers and ReLU to speed up training of the convolutional neural network and reduce the
sensitivity to network initialization. ReLU layer is used as the activation function between layers in
order to account for nonlinearity of the network. It replaces all the negative pixel values with zeroes. A
2-D max pooling layer is inserted after ReLU layers to perform downsampling of the input images. It
divides the input into rectangular pooling regions then computes the maximum of each region.
Therefore the number of parameters and computational load in the network is reduced and overfitting
can be controlled. In the full connected layer, the input is multiplied by a weight matrix and then bias
vector is added. Fully connected layer uses all of the features from the previous layers across the image
to recognize the larger patterns. These layers are repeated four times to increase the complexity of the
model. Finally softmax layer together with a classification layer assigns the sleep stage with the highest
probability as the output of the classifier. The overall diagram of the 2D CNN model is given in Figure-
3. The number of convolutional level can be reduced further to minimize the complexity and the
number of parameters. The filter sizes, paddings, strides can be optimized.
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Figure 3. 2D CNN model for sleep staging.
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3. Research Findings

The results are evaluated by the accuracy, precision, recall, F1-score, and Cohen’s Kappa (K) values that
are computed for the test group, namely Subjects 15-19. These are the main performance metrics in
literature for machine learning and particularly automatic sleep staging [13]. The formulas for
calculation of the above mentioned metrics are given in equations (1) (2) (3) (4) (5) in order [13].
Accuracy Precision and Recall are computed using the True Positives (TP), True Negatives (TN), False
Positives (FP) and False Negative (FN) values from the confusion matrix. F1 score is computed with
Precision and Recall. Cohen’s Kappa is a measure of interraters performances, how well is the
classification result in agreement with the correct labels. Inter-rater agreement of standard EEG
scorings between international sleep centers is above 0.70. In (5) N is the number of sleep epochs, x
values are the cell values in the confusion matrix for each row i and column j.

TP+TN

ACC’U.TG.C)/ = TP+TN+FP+FN (1)
Precision = L (2)
TP+FP
Recall = —=~ (3)
TP+FN
F1 — score = 2 Pre.a:son Recall (4)
Precision+Recall
n n n n
Dy Tl Qe i (Zj=1x” Z1‘=1xﬁ>
K =—+ - (5)

N
n n n
Zi=1x“ (Zj=1xij Z}.=1xji )
N2

1

In Table 1, each cell shows the number of epochs from the labelled by the expert as the row label and
classified as column label by the 2D CNN model. The data is not uniformly distributed. Wake state
dominates the EEG data. The probabilities of each sleep state is given in Table 2. N2 follows the
dominant Wake state by probability of 17%. High F1 score for Wake emphasizes the classification
performance of the method, however N1 is not correctly classified. The low F1 in the classification of
N1 is observed in other studies as well [13].

Table 1. The confusion chart for the test data is given. The true sleep stage distribution is given as sleep stage epoch counts and
the corresponding predicted sleep stage epoch counts.

Predicted
Wake N1 N2 N3 REM
Wake 17633 60 72 9 269
N1 175 106 86 1 252
True N2 152 60 3832 262 353
N3 3 3 183 1539 0
REM 231 122 285 1 1595

Table 2. Classification performances for each sleep stage are given as stage, probability, recall , precision and F1 Scores.

Stage Prob. Recall Precision F1-
score
Wake 0.66 0.98 0.97 0.97
N1 0.02 0.17 0.30 0.22
N2 0.17 0.82 0.86 0.84
N3 0.06 0.89 0.85 0.87
REM 0.08 0.71 0.65 0.68
Macro 1.00 0.72 0.73 0.72

The classification performances for the test dataset are given in Table 3. The mean accuracy of the
method using the test dataset is 90.55%. The interrater Cohen’s Kappa value K is found between 0.74
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and 0.89, higher than the acceptable 0.7 level. Subject 15 performance values are the highest, 94.63%
accuracy and 0.89 Cohen’s Kappa.

Table 3. Accuracy and Cohen’s kappa values for test subjects.

Subject Accuracy (%) Cohen’s Kappa (K)
S15 94.63 0.89
S16 89.63 0.80
S17 86.14 0.74
S18 92.66 0.84
S19 89.59 0.82
Mean 90.55 0.82

4. Discussion

The results of this study are compared with the state of the art methods in the literature given in Table
4. It can be seen that, while this approach has high classification accuracy compared to the other
methods, it lacks the F1 score due to the data imbalance problem. One of the problems with the low
performance of the other researches is the subjective determination of the sleep classes by experts. Xu
et al. found that sleep dataset annotation may be inaccurate due to high workload of the sleep experts
[14]. Therefore this also deteriorates the automatic classification performance. Another point is the
high misclassification of the N1 stage, this is attributed to the extremely small percentage of the N1
stage in the dataset and the similarity between N1 and REM stages [14]. Although Salamatian &
Khadem developed a 1D CNN and obtained great accuracy, however the confusion matrix that is
provided is from a very small data [21]. Deep learning method (1D CNN) presented in Yildirim et al.
2019 study achieved 90.98 % accuracy however they used EOG channel in addition to EEG [22].

Table 4. Results of the deep learning studies in this field.

Study Method Macro F-1 Cohen’s kappa  Accuracy %
Xu et al. [14] 1D-CNN 81.18 0.80 85.53
Tsinalis et al. [15] 1D-CNN 84 78.9
Cai etal. [16] Dual input 1D-CNN 0.80 87.21
Phan et al. [11] Joint 2D-CNN 0.75 81.9
Supratak et al. [17] CNN + Bidirectional LSTM 76.9 0.76 82
Fuetal. [18] CNN + Bidirectional LSTM 82.14 0.77 83.78
Mousavi et al. [19] 1D-CNN 79.66 0.79 84.26
Khalili & Asl [20] TCNN + CRF 79.29 0.80 85.39
Salamatian & Khadem [21] 1D-CNN 94.09
Zhou et al. [13] 1D-CNN 0,81 86.1
Jia etal. [23] Dilated CNN 0.83

Nie et al. [24] CNN+RNN 0.81

This study 2D-CNN 72.00 0.82 90.55

5. Conclusion

This study demonstrates the efficient use of a simple 2D CNN in automatic sleep staging. The overall
sleep stage epochs and the corresponding prediction states that are given in Table-1 show that Wake
and N3 stages are accurately predicted with the method. The performances of each sleep stage are
given in Table-2 shows this performance in terms of performance metrics. Except for N1 stage the
performance metrics highlight the accuracies of the method. It achieved performance comparable to
the state of the art methods, however there are differences in the data and preprocessing steps. In
future studies, first [ am interested in optimizing the 2D image matrix generation Then I want to
evaluate the efficacy of the method on the in-bed data only, and broader sleep-edfx dataset or
alternative datasets. [ am also interested in incorporating multiple PSG data such as EOG EMG into the
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deep learning 2D CNN algorithm. Moreover, I want to tackle the problem of data imbalance which
prevents the proper classification of N1 stage. Another direction could be comparison of the possible
electrode channels and spatial filtering approaches before applying CNN architecture.
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ABSTRACT
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comespnamgaunor.At1IK BiyoKiitlenin Pirolizinden Hazirlanan Termal
pemueguedis— Modifiye Biyocar Elektrotlar ile Elektro-Fenton
Sisteminde Astrazon Blue Giderimi

0Z

Bu ¢alismada dncelikle karisik mobilya atig1 olan biyokiitleden piroliz ile elde edilen biyogar
driinlerin modifikasyonsuz (ham) ve termal modifikasyondan sonra elektrotlara
doniistiiriilmesiyle bir Elektro-Fenton (EF) sistemi kuruldu. Biyogar iiriinlerin
modifikasyon degiskenleri, gaz tiirii (Nz, COz), sicaklik (500-900°C) ve siire (1-4 sa) olarak
belirlendi. Kurulan EF sisteminde katot olarak kullanilan modifiye biyocar elektrotlarin,
peroksit iiretimi-akim verimliligi (CE) ve boya giderim verimi iizerine etkileri incelenerek
en etkin biyocar elektrot ve modifikasyon sartlari belirlendi. Calismada, pH:3, EF stiresi: 0,5
saat, katodik potansiyel:2 V, katalizér (FeSO4) konsantrasyonu: 0,2 mM ve elektrolit
(NazS04)  konsantrasyonu: 50 mM deneysel EF sartlar1 olarak, 50 mg/L
konsantrasyonundaki Astrazon blue sulu ¢ozeltisi ise model kirletici olarak secildi. Bu
deneysel sartlar altinda incelenen biyogar elektrotlar arasindan boya giderimi, peroksit
iretimi ve akim verimligi (CE) acisindan en etkin elektrot, CO2 gazinda 700°C’de 1saat
siireyle termal modifikasyonu yapilan elektrot (CO2-700-1) oldugu belirlendi. Ayrica,
calismanin enerji verimliligi ve ekonomik sonuglari da analiz edildi. Elektrotlar, EF

Anahtar Kelimeler: Atik sisteminde, %100 boya giderimi i¢in aritma maliyeti agisindan degerlendirildiginde segilen

biyokiitle, piroliz, Termal elektrot (C0O2-700-1) ile elde edilen arittim maliyetinin, ham (N2-350-4) elektrota gore

modifikasyon, Elektro-Fenton, %68,2 daha diisiik olarak bulundu. Buna ek olarak, 10 ¢evrim sonunda rejenere elektrotta
Astrazon Blue boya giderme veriminin degismedigi goriildii.
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1. Glrl$ (Introduction)

Giiniimiizde yasamsal kaynaklarin hizli bir sekilde tiikenmesi ve kirlenmesinden dolay1 kaynaklarimiz
gelecekte yok olma tehlikesi ile karsi karsiyadir. Bu 6nemli kaynaklardan biri de sudur. Kullanilan su,
atik su olarak karsimiza ¢ikmakta ve bunun aritilip geri kazanilmasi yiiksek 6nem arz etmektedir.
Ayrica aritim yaparken kullanilan kimyasallar ve harcadigimiz enerji de maliyet ve kullanim agisindan
Oonemlidir.

Ozellikle 20. yiizy1lin son yarisindan itibaren baslayan ¢evre duyarliliklari, bilim insanlarini daha etkili
ve avantajli attk su aritma metotlarinin gelistirilmesi konusunda ¢alismalar yapmaya
yonlendirmektedir. S6z konusu bu ¢alismalarin temel hedefi diisiik enerji ve maliyet gereksinimi olan
stirdiiriilebilir metotlarin ve araclarin gelistirilmesidir. Bu noktada, ileri Oksidasyon Prosesleri (10P),
lizerine en yogun calisilan aritma prosesleridir. I0P’lerden biri olan Elektro-oksidasyon (EO) prosesi
en fazla g¢alisilan alanlardan biridir. EO prosesini giderim mekanizmasi bakimindan direkt ve indirekt
oksidasyon olarak siniflandirmak miimkiindiir. Direkt oksidasyonda kirletici, direkt elektrot yiizeyinde
elektron transferine maruz kalir veya elektrot ylizeyinde olusan radikallerce (genellikle hidroksil
radikali, «OH) okside edilir. Diger taraftan indirekt oksidasyonda; su fazinda bir oksitleyici tiir (Clz,
HOCI], OCl, Cl02, 03, H202, gibi) olusur ve kirletici; olusan bu oksidan tarafindan okside edilir. S6z konusu
her iki oksidasyon ¢esidi de proseste anot elektrot vasitasiyla gerceklesebilir. Ancak katot vasitasiyla
sadece indirekt oksidasyon gerceklesmektedir. Ustelik katodik oksidasyon genellikle diisiik voltajlarda
daha yiiksek aritim verimleri saglamaktadir. Katotta oksijen molekiiliiniin indirgenmesi sonucu
hidrojen peroksit (H202) tiretilir. Uretilen hidrojen peroksit ve ortama katalizor olarak verilen Fe2+/
Fe3+ iyonlar1 sayesinde hidroksil radikalleri olusur. Bu proses hidrojen peroksitin katotta liretilmesi
disinda klasik Fenton prosesi ile ayni oldugu icin Elektro-Fenton (EF) ismini almaktadir [1].

EF prosesinde «OH radikallerinin tiretimi ve ger¢eklesen 6nemli reaksiyonlar sematik olarak Sekil 1'de

gosterilmistir. Ozetle EF prosesinin en biiyiik avantaji H202in sistem iginde iiretilmesi ve katalizériin
rejenerasyonudur [1].

H;0 + CO;

Sekil 1. EF Prosesinde #OH radikallerinin tiretimi ve gerceklesen 6nemli reaksiyonlar
(Production of «OH radicals and important reactions in the EF Process)

EF prosesinde, sistemde kullanilacak olan elektrotun seciminde yiiksek aritma verimleri saglayan
karbon bazl elektrotlar, kimyasal dayaniklilik, kolay ulasilabilirlik ve diisiik maliyetleri nedeniyle
biiyiik ilgi gormektedir. Ayrica, diisiik potansiyel degerlerinde ytliksek H202 olusumuna imkan veren
yapisl, karbon bazli elektrotlari 6n plana gikarmistir. Grafit, karbon kece, karbon fiber, grafen, karbon
siyahi, biyocar bu amagla en ¢ok kullanilan karbon temelli malzemelerdir [2-8]. Buna paralel olarak;
karbon bazli materyallerin yiizey alani, elektriksel iletkenlik ve katalitik 6zelliklerinin fiziksel ve
kimyasal modifikasyon siirecleri sonunda gelistirilmesine yonelik calismalar devam etmektedir [6], [9-
12]. Ancak bu siireclerden, fiziksel (termal) modifikasyonun proses sartlarinin (inert gaz cinsi,
modifikasyon sicakligi ve modifikasyon siiresi gibi) EF prosesinde kullanilan karbon elektrotlarin
verimliligi izerine sistematik calismalar mevcut degildir.

Diger taraftan, halihazirda ticari triinler yerine biyocar gibi iiretilen bir karbon malzemenin modifiye
edilerek veya edilmeden elektrot olarak kullanimina dayali ¢alismalar ¢ok azdir. Kati atiklarin
degerlendirilmesine de olanak sagladig i¢in biyokiitleden elde edilen biyogar bu anlamda 6nemli bir
potansiyele sahiptir.
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Bilindigi gibi tarimsal atiklar diinyada oldukg¢a biiyiik miktarda tliretilmektedir. Bu atiklarla nasil basa
¢ikilacagi dogrudan gevre ile baglantilidir. Atiklarin biyogara dontlistimd, ¢evresel siirdiiriilebilirlik i¢in
bir secenektir. Genel olarak, tarimsal artiklar, yaygin bitki atiklari, giibre ve camur atiklar1 biyocar
liretiminde hammadde olarak kullanilabilir. Farkli hammadde, farkli oranlarda elementlere sahiptir
dolayisiyla farkli o6zellikler gosterir, bu yiizden farkli hammaddelerden iiretilen biyocar farkl
performanslara sahip olacaktir. Biyocar icindeki karbon igerigi ise elektrot iiretimi bakimindan énemli
bir parametre olup yine hammaddeye gore farklilik gésterir.

Biyocarlar, biyokiitlenin oksijensiz ortamda pirolizi ile karbonca zengin ve gozenekli bir malzeme
olarak iretilebilirler [13]. Piroliz disinda daha ytlksek sicakliklarda oksijen/hava ortaminda
gazlastirma ve su varliginda hidrotermal karbonizasyon islemleri de diger biyocar iiretim
prosesleridir. Bazi ¢alismalarda, biyogarin yukarida belirtilen iiretim yontemlerinin yam sira, flas
karbonizasyon ve kavurma (Torrefaksiyon) islemlerinin de biyogar tiretiminde kullanildig1 rapor
edilmistir [14-17]. Ancak, biyogar iiretiminde en uygun yontem piroliz yontemidir [18]. Clinki bu
yontemde ana lriin biyogardir. Piroliz, karbon bazli malzemelerin 1s1 uygulamasi yoluyla kimyasal
ayrismasidir. Gazlastirma ve yanmanin da ilk adimi olan piroliz, oksijenin yoklugunda veya neredeyse
yoklugunda meydana gelir. Bu nedenle, yalnizca yeterli oksijen mevcut oldugunda gerceklesebilen
yanma prosesinden farklidir. Piroliz hizi sicaklikla artar. Endiistriyel uygulamalarda kullanilan
sicakliklar genellikle 430°C veya daha yiiksektir, oysa daha kiiciik 6lcekli islemlerde sicaklik cok daha
diistik olabilir (350°C) [19]. Sicaklik, 1sitma hizi, siire ve ortam kosullari dahil olmak iizere piroliz
kosullari, biyogarin fizikokimyasal 6zellikleri lizerinde 6nemli bir etkiye sahiptir. Tablo 1'de, daha
onceki calismalardan alinan biyokiitlelerin bazi piroliz sartlar1 ve elde edilen biyocarin karbon
icerikleri gosterilmistir [20].

Tablo 1. Biyokiitlenin piroliz sartlari ve iiretilen biyo¢arin karbon igerikleri
(Pyrolysis conditions of biomass and carbon contents of produced biochar)

Biyokiitle Piroliz sartlar: Karbon igerigi (%)
Bambu 500°C 83,6

Cam kozalagy 500°C; 2,5 sa 54,0

Cim 425°C; 1 dk. 67,8
Bugday kabugu 500°C; 20 dk 50,5
Misir 1200°C; 40 dk. 56,1

Cam talasi 650°C 86,8
Seker kamisi 350,450 ve 550°C 45,3-63,3
Piring samani 250-450°C; 2, 4, 8sa 57,2-72,0
Koknar agaci 623-823°C; 0,5 sa 49,6-83,2
Piring samani 100-700°C 23,5-50,8
Susam samani 700°C; 4sa 72,6
Laminaria Japonica 700°C; 1 sa 26,7
Aspir tohumu 400-600°C;0,5 sa 68,2-73,8
inek giibresi 400°C;1sa 60,2

Atik su camuru 300-700°C 20,2-25,6
Cam agacl 300-500°C; 2sa 63,9-90,5

Tablo1’de goriildiigii gibi, bu prosesler i¢inde, piroliz cevresel siirdiiriilebilirlige katkida bulunan kolay
kontrol edilebilir ve diisiik maliyetli bir proses olmasi yaninda yiiksek karbon icerigine sahip biyocar
lirtinler vermesi sebebiyle en ¢ok kullanilan biyocgar iiretim yontemidir.

Uretilen biyocar iiriinlerin cevresel amac icin modifiye edilmesinde genellikle kimyasal ve fiziksel
modifikasyon prosesleri kullanilmaktadir. Bu modifikasyonlar ve modifikasyonlarin biyogara yaptigi
katkilar Sekil 2’de 6zetlenmistir. Buna gore, kimyasal modifikasyonlar esas olarak asit modifikasyonu,
alkali modifikasyonu, oksitleyici ajan modifikasyonu, metal tuzlar1 -metal oksit modifikasyonu ve
karbonlu materyal modifikasyonunu igerir. Fiziksel modifikasyon ise yiiksek sicaklikta esas olarak,
buhar ve gaz tahliyesini icermektedir. Fiziksel modifikasyonlarin proses maliyeti diisik ve
uygulanmasi kimyasal modifikasyonlardan daha kolaydir.

Bu nedenle, calismada, EF prosesinde elektrot (katot) olarak kullanilmasi i¢in, giiniimiizde énemli bir
arastirma konusu olan, maliyeti ve liretimi kolay atik biyokiitleden biyocarin piroliz metodu ile
tiretilmesi ve fiziksel modifikasyon metodu ile yapisal 6zelliklerinin iyilestirilmesi amag¢lanmistir. Bu
amagla, karisik mobilya atif1 odun peletinden 350°C sicaklikta, inert ortamda (N2 atmosferinde)
biyocar triinler elde edilerek, bu iiriinler, farkli gazlar altinda (CO2, N:), yiiksek sicakliklarda, farkl
sturelerde termal olarak modifiye edilmislerdir. Daha sonra biyocar elektrotlar katot olarak
kullanilirken, platin (Pt) tel anot olarak kullanilmis ve iiretilen biyocar elektrotlarin, Astrazon blue
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boyasinin ¢ikarimi (boya giderimi) ve hidrojen peroksit tiretimi-akim verimliligine etkisi incelenmistir.
Bu noktada kullanilan modifiye gazin cinsi, temas siiresi ve modifikasyon sicakliginin etki diizeyi gibi
termal modifikasyonu etkileyen parametrelerin etkisi degerlendirilmistir.

Asit Safsizlik giderimi ve asidik gruplarin katiimi

Alkali Artan yiizey alani ve Oksijen iceren
fonksiyonel gruplarin katilimi

Oksidasyon ajani
Oksijen iceren fonksiyonel gruplarin katilimi ‘

Metal oksitler
Adsorbsiyon kapasitesinin artisi.Magnetizm ve katalitik
ozelliklerinin artigi

Carbon Materyaller
Yuzey alani artigi

Fiziksel modifikasyon Yazey alani artigi.Biyocar yapisinin

iyilegmesi
Istim ve gazlar(Azot.karbondioksit)

Sekil 2. Biyogarin ¢evresel amagl modifikasyon metotlar1 ve biyogara yaptigi katkilar
(Environmental modification methods of biochar and its contributions to biochar)

2. Materyal ve Metot (Material and Method)
2.1. Materyal ve kimyasal maddeler (Materials and chemicals)

Biyocar hammaddesi olarak mobilya atigindan alinan biyokiitle pelletleri toz haline getirilerek
kullanilmistir. Calismada Teflon ¢ozeltisi (Sigma-Aldrich, agirlikca % 60 suda disperse 6zellikte) ve
grafit (Merck, ekstra saf) katot katki maddesi olarak, krom-nikel 6rgii tel (1cm?'deki delik say1s1:120 ve
0,30 mesh) ise katot destek maddesi olarak kullanilmistir. Yerel bir firmadan alinan platin (Pt) tel, EF
sisteminde anot (counter elektrot), doymus kalomel (SCE) elektrot (Gamry) ise referans elektrot olarak
kullanilmistir.

Model kirletici olarak secilen Astrazon Blue (5GL, AB5, C23H24Cl2N2) boyasi Merck firmasindan alinarak,
50 mg/L konsantrasyonda sentetik atik su ¢6zeltisi hazirlanmigtir. N2, CO2 biyogar {liretimi ve termal
modifikasyonda kullanilirken Oz gazi ise EF sisteminde oksijen kaynagi olarak kullanilmistir. Kullanilan
tlim gazlar yerel firmalardan % 99,9 saflikta alinmistir.

Buna ek olarak, sodyum siilfat (NazS0s, Merck, susuz = % 99,0-100,5) elektrolit olarak, demir stilfat
(FeS04.7H20, Sigma-Aldrich, % 99,0) katalizor olarak, sodyum hidroksit (NaOH, Merck % 99,0),
Potasyum iyodiir (KI, Merck = % 99,5) Amonyum molibdat tetrahidrat ((NH4)sM07024.4H20, Merck =
% 99,0) ve Potasyum hidrojen ftalat (KHP, Merck = % 99,5 %) H20: analizinde kullanilan
kimyasallardir.

2.2. Biyocar tliretimi ve termal modifikasyonu (Biochar production and thermal modification)

Pelet halindeki biyokiitle mekanik bir 6giitiicii ile toz haline getirilerek 36 g biyokiitle kuvars tiip (38
mm x 800 mm) icerisine yerlestirilmis ve sabit yatakl tiip firinda (Protherm PTF 12/40/250) piroliz
edilmistir. Ham biyogar tiretimi i¢in, sabit yatakl firinda sicaklik 12°C/dk hizla artirilarak 350°C’ye
getirilmistir ve bu sicaklikta biyokiitle 4 saat piroliz edilmistir. Kuvars tiip girisine baglantis1 yapilan
debimetre ile sisteme verilen N2 gazinin debisi 150 mL/dk olarak ayarlanmistir. Piroliz islemi sonunda,
kuvars tilipten iriiniin alinmasi i¢in sistemden Nz gazi ge¢irilmeye devam edilmis ve firinin oda
sicakligina gelmesi beklenmistir. Bu sartlarda iiretilen biyogar iiriin calismada, N2-350-4 (ham) biyocar
olarak adlandirilmistir. Daha sonra, yapisal 6zelliklerinin iyilestirilmesi i¢in, piroliz ortami, uygulama
sicakligl ve siiresi, biyocar modifikasyon parametreleri olarak secilerek biyogarin fiziksel (termal)
modifikasyonu gerceklestirilmistir. Bu amagla, tiretilen ham biyogarlar, N2 veya CO2 gaz ortaminda
500-700-900 °C sicaklik ve 1-2-4 saat uygulama siirelerinde piroliz ydontemi ile termal olarak modifiye
edilmis ve toplamda 10 adet, liretim sartlar1 ve yapisal dzellikleri farkli olan modifiye biyogar tiriinler
tiretilmistir. Uretilen biyocarlarin adlar1 ve bu biyocarlara ait piroliz sartlar: Tablo 2’de 6zetlenmistir.
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Tablo 2. Uretilen biyocar iiriinler ve iiretim sartlari (Produced biochar products and production conditions)

No Biyocar tiiriit  Biyocar adi Gaz Sicaklik (°C) Siire (sa.)
0 Ham N2-350-4 N2 350 4
1 Modifiye N2-500-1 N2 500 1
2 Modifiye N2-500-2 N2 500 2
3 Modifiye N2-500-4 N2 500 4
4 Modifiye N2-700-1 N2 700 1
5 Modifiye N2-900-1 N2 900 1
6 Modifiye C02-500-1 CO:2 500 1
7 Modifiye C02-500-2 CO:2 500 2
8 Modifiye C02-500-4 CO:2 500 4
9 Modifiye C02-700-1 CO:2 700 1
10 Modifiye C02-900-1 CO2 900 1

2.3. Biyocar tirtinlerin karakterizasyonu (Characterization of biochar products)

Uretilen biyocar iiriinlerin kimyasal yapisinin aydinlatilmasi ve fonksiyonel gruplarinin tanimlanmasi
icin ATR yontemi (4000 cm-1- 500 cm-?) ile FT-IR analizi (Perkin Elmer, Spectrum 1000) yapildi.

Yapisal karakterizasyonlari ve ylizey morfolojileri Taramali Elektron Mikroskobu (SEM, Hitachi model)
kullanilarak gozlendi. Ayrica SEM-EDS ile 6rnek i¢indeki C ve O elementlerinin yiizdeleri analiz edildi.
Daha sonra daha yiiksek dogruluk icin elementel analiz ile yiiksek sicaklikta (1000-1100°C) yakma
yoluyla 6rnek icindeki CHN-S elementlerinin yiizdeleri bir elementel analiz cihazinda (LECO marka
CHNS 628 model) tayin edildi.

Faz yapilar1 X-151n1 difraktometresi (XRD, Rigaku modeli, Cu Ka ile (A = 1,54059)), 10-90° 26 araliginda
5°/dk tarama hizinda radyasyon akisgi ile karakterize edildi. Bu analizde volt 40 kV ve uygulanan akim
40 mA dir. Calismada ayrica, elektrot kalitesini gdstermesi acisindan tiim fazlar i¢in ortalama kristal
boyutu, XRD desenlerinden, Esitlik (1)’de verilen Scherrer denklemi kullanilarak hesaplandi [2,3],
[21,22].

L= @ 1
~ PBcos6 (1)

Esitlik 1’de gosterilen L: kristal boyutu (&), a: bir sabittir ve degeri 0,94'diir. f: radyan cinsinden
(yiksek yogunluklu tepe icin elde edilen) yar1 maksimumda tam genisliktir. A: X-1sinlarinin dalga
boyudur (1,54059A).

2.4. Biyocar elektrotlarin liretimi (Production of biochar electrodes)

Elektrot tiretimi icin Tablo 2’de verilen ham ve modifiye biyocar numuneleri toz haline getirilerek 90
mesh elekten gecirildi. Daha sonra, 1,0 g (% 50 oraninda) alinan biyo¢ar numunesi, 0,2 g (% 10
oraninda) grafit, 0,8 g (% 40 oraninda) % 60’lik teflon ¢ozeltisi (% 24 oraninda saf teflon) ve 3 mL saf
etanol ile karistirildi. Karisim ¢ok bekletilmeden, 25 cm? alaninda kesilmis bir krom-nikel 6rgii tel
lizerine siiriilerek el yapimi, maksimum: 300 bar-350 °C’de calisabilen bir hot-press’de 300 °C
sicaklikta 90 bar basincta 10 dakika siireyle basilarak, 25 cm? (5x5cm) alaninda biyocar elektrotlar
tretildi.

Elektrot iiretim sirasinda %10 oraninda (0,2 g) grafit eklenmesinin sebebi, elektrot {iretim
calismalarinda, biyogarin krom-nikel 6rgi tel lizerine siiriis kolayliginin ve elde edilen elektrotun
stabilitesinin saglanmasi icindir. Grafit kullanilmadan iretilen yani stabil olmayan ile en uygun
sartlarda grafit kullanarak iiretilen ve stabil olan 11 elektrottan biri 6rnek teskil etmesi acisindan Sekil
3(a) ve 3(b)’de sirasiyla gosterilmistir.

Calismada, tretilen elektrotlar daha sonra 2 saat boyunca asetonda, 2 saat boyunca saf suda
bekletilerek tiim safsizliklarindan giderilmesi saglandi. Bu sekilde boya giderimi sirasinda ortama
karbon ve diger bilesenlerin girisi engellendi. Temizleme isleminden sonra elektrotlar bir
sterilizatorde (Elektromag M5040 P) 80 °C’de kurutularak kullanilincaya kadar agzi kapakli cam
kaplarda saklandi

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2022 Gazi Akademik Yayincilik 503



Temur Ergan, Aydin & Gengec Gazi Muhendislik Bilimleri Dergisi: 8(3), 2022

i i -
abil olmayan (a) ve stabil olan (b) elektrotlardan biri (CO2-700-1)
(One of the unstable (a) and stable (b) electrodes (CO2-700-1))

Sekil 3. St

2.5. Elektro-Fenton sisteminin kurulumu ve deneysel prosediir (Electro-Fenton system setup and experimental
procedure)

Tek bolmeli, hacmi 150 mL olan EF reaktorii pleksiglas’dan yapildi. Daha sonra Sekil 4’de sematik
¢izimi verilen EF sisteminde, model boya ¢ozeltisinden reaktére 120 mL hacimde konuldu. EF
reaktoriinde; anot (counter elektrot) olarak Pt tel, katot (working elektrot) olarak biyocar elektrotlar
ve referans elektrot olarak ise SCE elektrot kullanildi. Tiim EF ¢alismalarinda standart olarak, katot ile
anot arasindaki mesafe 3 cm olarak ayarlandi [2,3,8].

Daha dnceki 6n ¢alismalara gore, pH (3), katalizor tiirti ve konsantrasyonu (FeSOa4: 0,2mM), elektrolit
tlrd ve konsantrasyonu (NazS04 :50 mM) ve boya konsantrasyonu (50 mg/L) gibi ¢ozelti 6zellikleri
reaktore koyulmadan dnce ayarlandi [2,3]. EF prosesi baslatilmadan 10 dakika énce baslamak iizere
sisteme 4 L/sa debi ile saf oksijen beslendi ve reaktdrdeki ¢ozelti bir manyetik karistiric1 (Heidolph MR
3001 model) ile yaklasik 300 rpm hizinda karistirildi. Daha sonra uygulanacak potansiyel bir
Potansiyostat (Gamry interface 1000) sayesinde 2 V degerine set edilerek, EF islemi baglatildi. Ayni
prosediir H202 iiretimi i¢cin boya olmadan ve katalizorsiiz ortamda, 30 dakika siiresince yapildi.
Reaktdre istenen potansiyel uygulanmaya basladiktan sonra boya giderimi ve H202 iiretimi belirli
zaman araliklarinda reaktérden ornekler alinarak UV-visible spektrofotometrede (Hach marka
DR6000) olciilerek izlendi. Ayrica, H202 iiretim arastirmalari i¢cin akim verimliligi (CE, current
efficiency) Esitlik (2) kullanilarak hesaplandi [2,3], [21,22]. Akim verimliligi yiiksek olan biyocar
elektrotlar belirlenerek en uygun modifikasyon sartlari belirlenmeye calisildi.

z.F. Cy,0,-V (2

Burada, Cuzo2: H202 konsantrasyonudur (mg/L), F: Faraday sabitidir (96,485 C/mol), z: oksijen
indirgeme reaksiyonunda aktarilan elektron sayisidir (EF sistemi i¢in: 2e-), V: ¢dzelti hacmi (0,12 L),
Muzo2: H202 'nin molar kiitlesi (34,01 g/mol), I: uygulanan akim (mA) ve t: EF islem siiresidir (0,5 sa).

2.6. Analitik prosediirler (Analytical procedures)

Cozelti pH'1 bir pH metre (inolab WTW, pH 720) ile baska bir isleme gerek duyulmadan oda sicakhiginda
olciildii ve ¢ozeltinin pH degeri 1 M H2S04 ¢ozeltisi kullanilarak ayarlandi.

Calismada, Astrazon blue boyasinin saf suda 0-50 mg/L konsantrasyon araliginda ¢ozeltileri
hazirlanarak boyanin spesifik dalga boyu olan 576 nm dalga boyunda 0,9976 korelasyon katsayisi (R2)

degerlerine (mg/L) doniistiirmek i¢in, ¢izilen standart konsantrasyon-absorpsiyon kalibrasyon egrisi
kullanilarak Esitlik (3)’de gosterilen Beer-Lambert yasasina gore doniisiim saglandi.

Abs =¢.l.C (3)

Burada, Abs: absorbans degeri, €: molar absorbsiyon katsayisi (L/mol.cm), C: molar konsantrasyon
(mol/L), lise optik yol uzunlugu (1 cm) dur.

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2022 Gazi Akademik Yayincilik 504



Temur Ergan, Aydin & Gengec Gazi Muhendislik Bilimleri Dergisi: 8(3), 2022

Potansiyostat (Gamry interface 1000)

???m mA ] [2oov Q)

o000 oo

3
Manyetik Karistiric1 (300 rpm)

Sekil 4. EF sistemi (EF system)

Diger taraftan, elektrotlarin hidrojen peroksit liretimi yine UV-vis spektrofotometre ile iyodometrik
yontem (ammonium molybdate tetrahydrate metodu) kullanilarak 351 nm dalga boyunda 6l¢iildii [23-
24]. Bunun i¢in 0-20 mg/L konsantrasyon araliginda Hz20: ¢dzeltileri hazirland: ve yine Esitlik (3)
kullanilarak 0,9991 korelasyon katsayis1 (R?) ile kalibrasyon egrisi cizildi. Astrazon blue ve H20:
konsantrasyonuna ait kalibrasyon egrileri Sekil 5’de spesifik dalga boylari ile birlikte gosterilmistir.

H,0, (351nm)
41 y=0,2542x
R?=0,9991
34
17
Qo
<,
14 y=0,0071x
R?=0,9976
: Astrazon blue(576 nm)
0 *—rd’T/_:’/T———JT

0 10 20 30 40 50
Konsantrasyon (mg/L)

Sekil 5. Astrazon blue ve H202'in kalibrasyonu egrileri (Calibration curves of Astrazon blue and H203)

3. Sonuclar ve Tartisma (Rresults and Discussion)
3.1. Biyocar iirtinlerin karakterizasyon sonuglari (Characterization results of biochar products)

Sekil 6’da gosterilen biyogar triinlerin FT-IR spektrumdaki 2900-3000 cm-! bantlar1 C-H gerilimine
aittir. 2000-2329 cm-1'deki pikler, 0=C=0 ve karbon {iclii bag gerilimi ile ilgilidir. 1800-1900 cm-1'deki
tepe noktasi, C-H baginin germe titresimidir. 1500-1600 cm-! civarindaki tepe noktalari, C=C aromatik
gerilmenin titresim frekansindan kaynaklanmaktadir. 1000 cm-! civarindaki tepe noktasit C-O bag
titresimi ve C-N gerilmesinden kaynaklanirken, 750-790 cm! boélgesindeki tepe noktalar1 halkali
yapilar1 gosterir. Bu verilere gore, farkli sicakliklarda ve gaz varliginda modifiye edilen biyocar
tiriinlerin spektrumlari benzer desenler sergilemektedir, ancak islem sicakhigi arttikca ve gaz
degisimine goére bantlarinin yogunlugu da degismektedir. Ozellikle, 2000-2500 cm-! titresimlerinde
gosterilen 0=C=0 ve karbon iiclii bag gerilimlerine ait piklerin yogunlugu, gaz degisimi ve sicakliktan
daha ¢ok etkilenmistir. Benzer sekilde, 2900-3000 cm-"’deki C-H gerilimine ait piklerin yogunlugu ise
sicaklik artik¢a yok olmustur. Yine yapilarindaki C ve O oranlarindaki degisime bagli olarak 1500-1600
cm! civarindaki C=C aromatik gerilmenin titresim frekansi, 1000 cm! civarindaki C-O bag titresimi ve
C-N gerilmesi de modifikasyonun siiresine ve gaz tiiriine gore farklilik géstermistir. Bu durum
Elementel analiz ve SEM-EDS sonuglarindaki elementlerin yilizdelerinden de anlasilmaktadir. Ancak,
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biyocar iiriinlerde ana bilesenler karbon (C) ve oksijen (0) oldugundan C-0, 0=C=0 ve C=C baglarina
ait bantlarin yogunlugu ve siddetindeki degisimin daha fazla olacagi asikardir.
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Sekil 6. Biyogar iiriinlerin FT-IR spektrumlari (FT-IR spectra of biochar products)

Tablo 3. Biyogar iiriinlerin SEM-EDS ve elementel analiz sonuglar1 (SEM-EDS and elemental analysis results of biochar products)

SEM-EDS analizi Elementel analiz
No Biyocar ad1 % C % O Kiitle N (%) C(%) H(%) 0 (%)

(atomik) (atomik) (mg)
0 N2-350-4 81,91 18,09 1,46 3,05 73,68 3,95 19,33
1 N2-500-1 88,91 11,09 1,14 3,42 79,86 3,29 13,44
2 N2-500-2 88,56 11,44 1,42 2,95 78,84 3,03 15,19
3 N2-500-4 88,90 11,10 1,31 2,64 80,97 2,88 13,50
4 N2-700-1 88,16 11,84 1,62 2,15 83,28 1,63 12,94
5 N2-900-1 91,20 8,80 1,78 1,94 84,16 1,17 12,72
6 C02-500-1 89,00 11,00 1,53 2,72 79,58 291 14,79
7 C02-500-2 89,48 10,52 1,84 2,79 81,83 2,91 12,48
8 C02-500-4 89,30 10,70 1,46 3,11 80,25 2,78 13,86
9 C02-700-1 88,95 11,05 1,30 1,86 82,59 1,76 13,79
10 C02-900-1 87,35 12,65 1,56 1,01 81,40 1,17 16,42

Biyogar tiriindeki % C miktarinin yiiksek olmasi EF sisteminde elektrot iiretimi i¢cin olduk¢a 6nemlidir.
Bu acidan SEM-EDS ve Elementel analizden alinan sonuglar Tablo 3’de 6zetlenmistir. Tablo 3’de verilen
ham ve modifiye biyogar iiriinlerin % C degerleri incelendiginde, modifikasyon isleminin karbonun %
miktarini (% C) arttirdig1 gézlenmistir. % S tiim iiriinlerde sifir oldugu icin Tablo 3’de gosterilmemistir.
Tablo 3’deki SEM-EDS sonuglari incelendiginde elementel analiz sonuclarina gore % C degerinde
%10’luk bir hata pay1 oldugu gézlenmektedir. Diger taraftan, Sekil 7’de gosterilen SEM goriintiilerinde,
modifikasyon yapilmis iirlinlerin yiizey morfolojisi ile modifikasyonu yapilmamis ham iiriiniin yiizey
morfolojisi arasinda farklar oldugunu gézlenmistir. Modifikasyon sicakligi degistikce bu fark daha
belirginlesmistir.

XRD sonuglarina gore ise, modifiye biyogar triinler ve N2-350-4 (ham) biyogar {iriin i¢in, karbon pik ve
ortalama kristal boyut degerleri (L, A) Tablo 4’de verilmistir. Tablo 4 incelendiginde, ham biyogar
liriine gore, kristal boyutundaki artisin en yiiksek oldugu iirtin CO2-700-1 iiriinii olup bu iiriinde kristal
boyutundaki artis % 26,5 oraninda iken, N2 gazinda, ayni sicaklikta modifiye edilen N2-700-1 iiriiniinde
ise bu artis %17,24 oranindadir. Bu sonuglar, kristal boyutundaki artisin modifikasyonda gazin cinsine,
siireye ve sicakliga bagh olarak degisiklikler gosterdigini kanitlamistir. Bu durum, bir modifikasyon
isleminde uygun bir sicaklik, gaz ve siirenin se¢ilmesinin iiriinlerin etkin 6zelliklerin elde edilmesinde
ne kadar 6nemli oldugunu goéstermistir.
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Sekil 7. Biyogar tiriinlerin SEM gorintiileri (SEM images of biochar products)

Tablo 4. Biyogar iriinlerin XRD verilerinden hesaplanan karbon pik ve ortalama kristal boyutlari
(Carbon peak and average crystal sizes calculated from XRD data of biochar products)

No Biyocar adi  Karbon pik 20 (deg.) B (rad) L(A)
0 N2-350-4 25,52 0,254 58
1 N2-500-1 25,14 0,202 7,2
2 N2-500-2 25,38 0,191 7,7
3 N2-500-4 25,02 0,191 7,6
4 N2-700-1 25,14 0,203 7,1
5 N2-900-1 25,08 0,202 7,2
6 C02-500-1 25,22 0,194 7,5
7 C02-500-2 25,02 0,193 7,5
8 C02-500-4 25,00 0,193 7,5
9 C02-700-1 25,00 0,184 7,9
10 C02-900-1 25,02 0,196 7,4

Tablo 5. Biyocar elektrotlarin H202 iiretim performanslari ve akim verimlilikleri
(H202 production performances and current efficiencies of biochar electrodes)

No Elektrotadi I(mA)  Cuzoz2 (mg/L) CE (%)
0 N2-350-4 100.7 24,04 24,38
1 N2-500-1 102,4 22,57 22,51
2 N2-500-2 113,4 22,38 20,16
3 N2-500-4 127,0 24,39 19,61
4 N2-700-1 141,3 20,31 14,68
5 N2-900-1 2944 42,71 14,82
6 C02-500-1 153,6 3,90 2,59
7 C02-500-2 150,0 36,73 25,01
8 C02-500-4 176,0 40,22 23,34
9 C02-700-1 108,8 44,02 41,33
10  C0O2-900-1 190,4 7,44 3,87

3.3. Biyocar elektrotlarin astrazon blue giderim performanslari (Astrazon blue removal performances of biochar
electrodes)

H:02 iiretiminde elde edilen sonuglar her ne kadar biyogar elektrotlarin EF sistemindeki performansini
gosterse de boya (Astrazon blue) gideriminde elektrotlarin davranisi ve verimliliginin test edilmesi de
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onemli bir husustur. Bu hususun aydinlatilabilmesi i¢in, ikinci asama olarak, 11 biyocar elektrot EF
sisteminde boya giderim ¢alismalarinda kullanilmistir. Belirlenen deneysel sartlarda (pH: 3, NazSOa:
50 mM, FeSO4: 0,2 mM, boya kons.:50 mg/L, potansiyel: 2 V, karistirma: 300 rpm, Oz debi: 4 L/sa) 30
dakika EF siiresinde boya giderim verimleri biyocar elektrotlarin akim degerleri ile birlikte Tablo 6’da
verilmistir.

Tablo 6. Biyogar elektrotlarin boya giderim verimleri (Dye removal yields of biochar electrodes)

No Elektrot adi I (mA) % Boya giderimi
0 N2-350-4 177,1 22,07
1 N2-500-1 98,99 41,45
2 N2-500-2 89,94 32,85
3 N2-500-4 75,62 41,04
4 N2-700-1 147,50 55,28
5 N2-900-1 105,30 35,52
6 C02-500-1 107,00 25,08
7 C02-500-2 91,90 54,13
8 C02-500-4 91,58 62,38
9 C02-700-1 170,20 66,55
10 C02-900-1 154,70 53,80

Tablo 6’da goriildiigii gibi tliretilen elektrotlarin boya giderim verimliligi, H202 liretimi miktar ile
paralellik géstermis ve yine 1 saat boyunca CO2 gazi ile modifiye edilen elektrot (CO2-700-1) en yiiksek
boya giderim verimi sergilemistir. Bu deger ham elektrotun (N2-350-4) sergiledigi boya giderim
veriminden 3,02 kat daha fazladir. Ayni sekilde, Nz ile gazi ayni sartlarda modifiye edilen N2-700-1
elektrotunun boya giderim verimi ise ham elektrottan 2,5 kat daha fazla oldugu bulunmustur.

3.4. EF sisteminin enerji ve maliyet analizi (Energy and cost analysis of the EF system)

Calismada, Tablo 5 ve 6’ya gore 30 dakika EF islem siiresinde boya giderimi ve H20: iiretimi acisindan
en etkin olan CO2-700-1 elektrotu, ayni sartlarda ancak N2 gazi ile modifiye edilen N2-700-1 elektrotu,
ham biyoc¢ardan iiretilen elektrot (N2-350-4) ile boya giderimi ve H20z2 iiretimi agisindan daha az etkin
olan diger biyocgar elektrotlar, % 100 boya giderimi halinde tiiketilen elektrik enerjisi ve aritim maliyeti
acisindan degerlendirilmistir. Daha sonra bulunan sonuglar elektrotlarin boya giderim etkinliklerine
gore Tablo 7’de siralanmistir. Tablo 7’de verilen degerlere gore, CO2-700-1 elektrotu icin bulunan
aritim maliyeti, ham elektroda gore % 68,2 daha diisiikken, N2-700-1elektrodu i¢cin bu deger % 66,8’d1r.
Tablo 7’ye gore, diger elektrotlardan bazilarinin elektrik enerji tiiketimi ve artim maliyeti diisiik olsa
bile bu elektrotlar etkin bir peroksit tiretimi ve boya giderimi saglamamistir.

3.5. En etkin elektrotun kullanim émrt (Lifecycle of the most efficient electrode)

Bu ¢alismada, en etkin elektrotun (CO2-700-1) 30 dakikalik dongtilerle 5 saate kadar kullanim émrii
test edilmistir. Elektrotun ilk 30 dakikadaki % 66,55 boya veriminin 5 saat sonra % 66,0 oldugu
gozlenmistir. (Sekil 8). Bu sonuglara gore, 10 dongii sonunda elektrotun boya giderme veriminde
onemli azalma olmadif1 sdylenebilir. Calismada, her dongiiden sonra elektrot 10 dakika 1M HCI
icerisinde tutularak rejenere edilmis ve 1 saat ultra saf suda tutularak tekrar kullanilmistir.

Tablo 7. EF proses kosullarinda biyocgar elektrotlarinin enerji verimliligi ve maliyet analizi
(Energy efficiency and cost analysis of biochar electrodes under EF process conditions)

Etkinlik Elektrot tiirii I (mA) Elektrik enerjisi tiikketimi Aritim maliyeti*
sirasi (kWsa/m3) ($/m3)
1 C02-700-1 170,2 2,13 0,13
2 C02-500-4 91,6 1,22 0,08
3 N2-700-1 147,5 2,22 0,14
4 C02-500-2 91,9 1,41 0,09
5 C02-900-1 154,7 2,40 0,15
6 N2-500-1 98,9 1,99 0,12
7 N2-500-4 75,6 1,54 0,09
8 N2-900-1 105,3 2,47 0,15
9 N2-500-2 89,9 2,28 0,14
10 C02-500-1 107,0 3,55 0,22
11 N»-350-4 (Ham) 177,1 6,70 0,41

* Aritim maliyeti 01 Haziran 2022 tarihli Tirkiye piyasasi dikkate alinarak hesaplanmigtir. 1kWsa=0,06$ (The treatment cost has been
calculated considering the Turkish market dated 01 June 2022. 1kWh=0.06$)
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Sekil 8. En etkin elektrotun kullanim 6mra
(lifecyle of the most effective electrode)

4, Sonuglar (Conclusions)

Calismada atik biyokiitleden piroliz yontemi ile elde edilen ham biyogar iiriin daha sonra farklh
sartlarinda modifiye edilerek, modifikasyon gazi, sicaklik, siire gibi modifikasyon sartlarinin boya
giderim ve Hzo2 Uretim verimine etkisi incelenmistir. Bunun i¢in iiretilen biyogar elektrotlar EF
sisteminde katot olarak kullanilmistir. Modifikasyonla H20: tliretim veriminde ham biyogara gore
maksimum 1,7 kat artis saglanirken, boya giderim veriminde ham biyogar elektrota gére 1,13 - 3,02
kat arasinda artis saglanmistir. Bu yiizden, biyogar liretiminden sonra CO2 ve N2 gazlar1 altinda termal
modifikasyonun aritimda olduke¢a 6nemli oldugu sonucuna varilmistir.

Biyokiitle tiiriine gore etkin modifikasyon sartlar1 degisebilmektedir. Ancak bu ¢alismada karisik
mobilya atig1 olan biyokiitleden tretilen biyocar i¢in 700 °C sicaklik ve COz gaz1 1 saat stirede etkin bir
termal modifikasyon saglamistir. Boya giderim verimi bu modifikasyonla 3,02 kat artarken elektrik
enerjisi tiikketimi yaklasik 3 kat azalmis ve aritim maliyeti ise % 68,2 oraninda diismiistiir. Buna ek
olarak, secilen en etkin elektrot (CO2-700-1) kullanilarak yarim saatlik dongiiler ile 10 dongii sonunda
boya giderme verimliliginde herhangi bir degisiklik olmadig1 tespit edilmistir. Bu sonug, elektrotun
etkin 6mrii sayesinde endiistriyel uygulamalarda da kullanilabilecegini gostermistir.
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ABSTRACT

In this study, a vibration isolator is designed as a periodic structure, which is constructed
with embedded inertial amplification mechanisms. At first, various compliant inertial
amplification mechanism configurations are proposed. Among them, the one with the
widest vibration isolation frequency band is selected via conducted parametric studies.
Then, the determined mechanism is utilized as the unit cell (i.e,, the repetitive building
block) of the periodic structure. Finally, the displacement transmissibility (i.e., Frequency
Response Function (FRF)) plots are presented to demonstrate the vibration isolation
performance of the designed periodic structure. According to the numerical results, the
selected unit cell mechanism provides more than 25 % vibration isolation between 190-
360 Hz frequency values. On the other hand, the periodic structure formed with linearly
incorporating three unit cell mechanisms provides more than 80 % vibration isolation for
the same frequency range (i.e., 190-360 Hz). As a conclusion, if the number of unit cells used
in the periodic structure is increased further, higher vibration isolation levels will be
achieved for 190-360 Hz frequency range.

Cesitli Esnek Atalet Artirim1 Mekanizmalarinin
Periyodik Titresim Yaliticis1 Tasarimina Yonelik
Parametrik Incelemesi

0Z

Bu calismada, i¢ ice gémiilmiis atalet artirnmi mekanizmalariyla olusturulmus bir periyodik
yapl, titresim yahticisi olarak tasarlanmistir. ilk olarak, cesitli esnek atalet artirimi
mekanizma Kkonfigiirasyonlar1 6nerilmistir. Yapilan parametrik ¢alismalar neticesinde, bu
mekanizmalardan en genis titresim yalitimi frekans araligina sahip olani belirlenmistir.
Ardindan, bu secilen tasarim, periyodik yapinin birim hiicresi (periyodik yapida tekrar eden
yap1 blogu) olarak kullanilmistir. Son olarak, periyodik yapinin titresim yalitimi
performansini gostermek icin deplasman iletkenligi (frekans cevap fonksiyonu) grafikleri
sunulmustur. Sayisal calismalarin sonuclarina gore, secilen birim hiicre mekanizmasi 190-
360 Hz frekans arahiginda % 25'ten fazla titresim yalitimi saglamaktadir. Ote yandan, ii¢
adet birim hiicre mekanizmasinin dogrusal bir bicimde birlestirilmesiyle olusturulan
periyodik yapi, aym frekans araliginda (190-360 Hz) % 80’den fazla titresim yalitimi
saglamaktadir. Sonug¢ olarak, periyodik yapida kullanilan birim hiicre sayis1 daha da
artirilirsa, 190-360 Hz frekans araliginda daha yiiksek titresim yalitim diizeylerine
ulasilacaktir.
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1. Introduction

Mechanical vibrations are defined as the movement of waves around a certain equilibrium point. The
movement in here occurs in a certain amplitude and period. These movements can both occur as
harmonic or randomly distributed movement. If there is no damping or isolation for these waves in the
system, then the vibration levels affecting the system can exceed the vibration level of the source. For
this reason, an isolator for a mechanical structure is needed to reduce the vibration level of a system.
Mechanical isolators prevent incoming source vibrations to reach the system, hence protect it from
destructive oscillations. [1-3]

The most known traditional vibration isolation system is a mass-spring system. In these isolators,
mechanical vibrations can be shown with the energy transformations of a system. Potential energy
transforms to kinetic energy and after that it transforms to potential energy again. Therefore, a
vibrating system must have components which store potential and kinetic energy. Springs and other
similar elastic components are used for storage of potential energy. Similarly, mass and other inertia
components used in these systems are able to store kinetic energy. [4-6]

Beside traditional vibration isolation methods, in recent years, innovative periodic structures [7, 8]
were created to prevent the propagation of elastic and acoustic waves from the source to the target.
Inertial amplification [9, 10] induced elastic metamaterials are a type of the innovative periodic
structures [11, 12] which can inhibit vibration propagation. Therefore, this type of periodic structures
can be utilized as vibration isolators [13-17]. Moreover, with these periodic structures, effective
vibration isolation can be achieved for low frequency regions by altering their design parameters such
as their size [18-20], shape [19], topology [20, 21].

In the literature, there exist various studies that examine vibration isolation properties of periodic
structures constructed with different lumped and compliant inertial amplification mechanisms. In Ref.
[22], enhanced tuned mass damper type vibration isolation system was designed by using a lumped
parameter inertial amplification mechanism. In Ref. [23], vibration isolation enhancement in periodic
nonuniform beams was achieved by introducing lumped parameter inertial amplification mechanisms.
In Ref. [24], a amplification vibration isolator with periodic composite sandwich beams with lumped
parameter inertial mechanisms was designed. In Ref. [25], vibration transmission reduction was
attained in an elastic rod for a certain frequency range by periodically attaching lumped parameter
inertial amplification mechanisms. The studies mentioned so far are all lumped parameter models. On
the other hand, in the literature, there are numerous studies that investigates compliant mechanisms,
as well. In Ref. [18], a size optimized periodic vibration isolator was designed with rectangular type
compliant inertial amplification mechanisms. In Ref. [19], a two-dimensional periodic vibration
isolator was designed with shape optimized compliant inertial amplification mechanisms of
rectangular type. In Ref. [26], a size optimized three-dimensional periodic vibration isolator was
designed with triangular type compliant inertial amplification mechanisms. In Ref. [27], a periodic
vibration isolator was designed with composite triangular type compliant inertial amplification
mechanisms. In Ref. [11], a one-dimensional periodic vibration isolator was designed via rectangular
type compliant inertial amplification mechanisms with flexure hinge connections. In Ref. [21], a two-
dimensional vibration isolator was designed via topologically optimized triangular type compliant
inertial amplification mechanisms with flexure hinge connections and instant center of rotation. As
seen in the literature review, rectangular or triangular compliant inertial amplification mechanism
were studied extensively. However, a simple rhombus type compliant inertial amplification mechanism
was not studied yet. To that end, in this article, a simple rhombus type compliant inertial amplification
mechanism, which is to be used in the construction of a periodic vibration isolator, is analyzed in detail.

In this study, a parametric study is conducted on various compliant inertial amplification mechanisms.
As a result of the parametric study, a mechanism with the highest vibration isolation frequency band
width is determined. Then, this selected inertial amplification mechanism is utilized as the unit cell (i.e.,
the repetitive building block) to construct a periodic vibration isolator, which operates at low
frequency region.

2. Model and Methodology

The main objective in this study is to create widest possible vibration isolation frequency band via
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inertial amplification method. First, lumped parameter analytical model is discussed to briefly
introduce the fundamentals of the method. Then, finite element models are introduced for the
parametric studies, in which, three different unit cell configurations are proposed and analyzed. Finally,
a periodic medium is created with a selected unit cell mechanism with the widest stop band (i.e.,
vibration isolation frequency band).

2.1. Analytic model
The lumped parameter inertial amplification mechanism model [7, 8, 18-21] is shown in Figure 1. In
this model, k specifies as stiffness, ms and m are the masses. The connection between meand m is rigid.

Theta (6) is the angle between the spring (k) and the rigid connection which combines mass m with
mass ma. The input displacement to the system is y and output displacement is x.

(y-x)cot(6)/2

(x+y)2

Figure 1. The lumped parameter inertial amplification mechanism model [7, 8, 18-21]

The equation of motion of the inertial amplification mechanism given in Figure 1 is found by the
Lagrange method. The Lagrangian expression of the system is equal to the difference of kinetic and
potential energies.

The Lagrangian is provided as:

L =KE — PE (D
d (oL aL

w(5) =5 =0 @)
The kinetic energy of the system is:

KE = ﬂ((@)z + (52 cot@)z) +242 + 2y 3)

2

The potential energy of the system is:
PE == k(x —y)? 4)

When Equations (3) and (4) are written in their place in Equation (2) and solved, the equation of
motion of the system is found as:

(my(cot?8 + 1) + 4m)x + 4kx = m (cot?0 — 1)y + 4ky (5)
In Equation (5), the left side of the differential equation is given with respect to the output x, hence its
solution provides the resonance frequency. Similarly, since the right side of the equation is presented

with respect to the input y, its solution defines the anti-resonance frequency. As a result, the resonance
(w1) and the anti-resonance (w-:) frequencies are as follows:

k
O = e (6)
k
Wz1 = \‘ma(cotze—l)/tl (7)
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The beginning of the vibration isolation frequency range of the system is defined as [18, 19]:

2 2 2 2
Ws = \’ a:zl+(;))212 (8)
As can be seen from Equations (6), (7) and (8), when the angle 0 decreases, the vibration isolation
starting frequency is reduced, as well. Therefore, low frequency vibration isolation can be achieved.

2.2. Finite element modelling

The compliant inertial amplification mechanism model in this study is shown in Figure 2. The
mechanism is formed by using rectangular blocks (enumerated as 1 and 3) and connecting beams
(numerated as 2). In other words, the structure is vertically and horizontally symmetric with respect
to its (geometric) center. In Figure 2, [ and t denote the length and thickness of the corresponding
beams of the structure, respectively. The thin beams with length Iz and thickness t; are compliant
hinges which provide flexibility and stiffness to the mechanism. Whereas, large blocks of 1 and 3
perform only rigid body motion. Finite element model is created using three dimensional (3D)
deformable linear quadrilateral shell elements. ABAQUS software is used for the finite element
analysis. Element type selected for the study is S4, which is a fully integrated, general-purpose, finite-
membrane-strain shell element. For the compliant inertial amplification mechanism model provided
in Figure 2, the total number of finite elements used is 9600. Material type for the finite element model
is isotropic.

t, 15

t, 15

Figure 2. Model of compliant inertial amplification mechanism
2.3. Proposed compliant mechanisms

In this study, various types of compliant inertial amplification mechanisms which have different
connection configurations and sizes are analyzed. The aim of the study is to determine how beam sizes
and connection configurations affect the vibration isolation frequency range obtained via inertial
amplification method. To that end, 2nd beam connection spots are altered and eventually three
different compliant mechanism configurations are obtained as presented in Figures 3-5. Parametric
studies are conducted on these three mechanisms with different beam sizes (i.e., with different length
to thickness ratios for beams) and theta angles (i.e., the acute angle between the horizontal axis and
the 2nd beam).
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Figure 3. The first compliant mechanism configuration proposed (Mechanism A)

Figure 4. The second compliant mechanism configuration proposed (Mechanism B)

Figure 5. The third compliant mechanism configuration proposed (Mechanism C)

2.4. Parametric studies

The parametric studies are conducted on finite element models of the proposed mechanisms A, B and
C which are provided in Figures 3-5. In parametric studies, the effect of alternating beam length to
thickness ratios (I/t) and theta angles (6) on vibration isolation frequency band (band gap) is
investigated. In the literature [18-21], it has been shown that the ratio between the second and the first
natural frequencies (fz/f1) directly demonstrates the band gap width. For this purpose, via modal
analysis, natural frequencies of these mechanisms are obtained for various parameters and the ratio of
the second natural frequency to the first natural frequency (fz/f) values are tabulated.

First of all, a control structure is determined with parameters givenas: 0 =m /12=15%11=5m,t:=5
m,2=10m,t2=0.5m,l3=5m, t3=5m.

An isotropic material is considered to be the construction material for the mechanisms. Hence, typical
steel material properties are adopted for this purpose. To that end, material property values are
selected as follows: modulus of elasticity, E = 210 GPa; density, p = 7800 kg/m3; Poisson’s ratio, v = 0.3.

The goal in the parametric study is to determine the compliant mechanism structure with the highest
f2/f1 ratio hence to achieve vibration isolation for maximum frequency band possible.

The variables considered in the parametric study are l1/t1, I2/tz, I3/t3 ratios and 6 angle (see Figure 2).
After, analyzing f2/f: ratios of the proposed mechanisms (see in Figures 3-5) with various altering
parameter values, the mechanisms that have the best f2/f1 ratios will be determined for each of the
configuration. Ultimately, a last selection will be made among the best of the configurations, to decide
the final unit cell mechanism that will be used in the periodic structure.
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3. Results and Discussion
3.1. Parametric comparisons of vibration isolation frequency bands

The vibration isolation frequency band characteristics of proposed compliant mechanisms are
analyzed and shown in this section. As it is mentioned before in the previous section, control structure
parameters are determined and the effect of four variant parameters (6, I1/t;, Iz/tz and [3/t3) on
vibration isolation frequency band width (f2/f1) are examined. After examination of trend plots, best
parameters for each variant can be determined.

3.1.1. For the first mechanism (Mechanism A)

The first proposed mechanism is shown in Figure 3. To observe vibration isolation frequency band
characteristics with altering parameters, trend plots are created (see Figure 6).

In Figure 6 trend plots of the first mechanism (Mechanism A) are presented. It can be seen that when
the angle O increases f2/f1 ratio is reduced. Similarly, when I1/t: ratio increases f2/f1 ratio decreases. For
I2/t2, when the ratio increases, f2/f1 ratio increases as well. For the last parameter, as I3/ts ratio
increases, f2/f1 increases as well unless a peak is reached. However, after that critical value, f2/f1 is
decreased with increasing I3/t3 ratio, as opposed to other parameters’ trend plots.

3.1.2. For the second mechanism (Mechanism B)

The second proposed mechanism is shown in Figure 4. Besides, corresponding parameter trend plots
are on vibration isolation frequency band characteristics of mechanism is given with Figure 7.

For the second mechanism, when 6 angle increases f2/fi ratio increases, as well. Different than the first
plot, f2/f1 ratio decreases when I1/t: ratio increases. In the third trend plot for second mechanism, f2/f1
ratio increases when [2/t; ratio increases but the increase on f2/f1 ratio decelerating with the I2/t2 ratio
increase. Same as the first mechanism, f2/f: ratio increases until a critical value for I3/t ratio is reached
and after that it starts to decrease.

3.1.3. For the third mechanism (Mechanism C)

The last proposed mechanism is given by Figure 5. Trend plots of the mechanism is given with the
Figure 8.

For the third mechanism, when 6 increases f2/f1 ratio increase, as well. For I1/t: ratio, trend is different
than the first and second mechanisms. Until a certain value of I1/ts, f2/fi ratio increase and after that it
decreases. When I/t ratio increases, f2/f1 ratio increases similar to the other mechanisms. For the last
trend of third mechanism, f2/f ratio decrease when I3/t3 ratio increase unlike the first two mechanisms.

(a) (b)
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Figure 6. The effect of 6, I1/t1, Iz/tz and I3/ts parameters on fz/f; ratio for the first mechanism (Mechanism A)
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Figure 7. The effect of 6, I1/t1, Iz/tz and [3/t3 parameters on f2/f; ratio for the second mechanism (Mechanism B)
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Figure 8. The effect of band gap characteristics theta, I1/t1, Iz/tz and I3/ts on f2/fi ratio for the third mechanism (Mechanism C)
3.1.4. Discussion on vibration isolation frequency band properties

The results of parametric studies are given with Figures 6, 7 and 8 as trend plots. From here, the best
results about vibration isolation frequency band characteristics for all three mechanisms can be found.
Moreover, the best vibration isolation frequency band width results (i.e., f2/f1 ratios) for each of the
proposed configurations (i.e.,, Mechanism A, B and C) are given with Table 1.

In Iz/t: trend plots, it can be seen that f2/f: ratio increases continuously for all mechanism. The reason
behind this behavior is when Iz/t: ratio increases stiffness of the mechanism decreases hence vibration
isolation stop band starting mode (i.e., opening mode (f1)) is shifted towards lower frequencies. This
decrease in stiffness shifts the first mode more than the case observed in the second mode, as a result,
f2/f1 ratio always increases with increasing I2/tz ratio. However, considering manufacturability of the
compliant mechanism beam length to thickness ratio (i.e., Iz/t2) of mechanisms should be chosen as a
realistic value.

In O trend plots however, one can see a different behavior. For mechanism configuration A (see Figure
6), there is an inverse relationship between 6 and f2/f1 ratio. Hence the widest possible vibration
isolation frequency band is achieved for 8 = 15°. It is coherent with the theory, because all of the inertial
amplification mass is above the connection line (see Figure 1) and inertial amplification effect is already
is at its maximum. On the other hand, for mechanism configurations B and C (see Figures 7 and 8), f2/f1
ratio increase with increasing 6. It is due to the fact that, as theory suggests, when inertially amplified
mass amount mq in Figure 1 increases with increasing 6, then inertial amplification effect also increases
and vibration isolation frequency band starting frequency f: lowers. As a result, f2/f1 ratio increases.
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The effects of I1/t: and I3/ts ratios on vibration isolation frequency band are similar for Mechanisms A
and B as can be seen from Figures 6 and 7. However, the same behavior can not be observed for the
Mechanism configuration C. This is an expected result since, Mechanism configuration C’s inertial
amplification effect is limited. The inertially amplified mass amount has a limit, since, the center of
gravity of 3rd block segments almost coincide with the center of gravity of 1st blocks. Hence,
Mechanism C’s building blocks are almost linear for high I3/t3 ratios.

As a summary of the parametric studies, the best values for the parameters 6 and I1/t1, I2/tz, I3/ts ratios
are tabulated in Table 1. The candidate unit cell compliant mechanisms for each of the three
configurations are determined with respect to Table 1.

Table 1. The best parameter values found, which results with the highest fz/fi ratio, for all of the mechanism configurations

Parameter Mechanism A Mechanism B Mechanism C
Theta (6)° 15 60 60

Li/t: 0.25 0.25 1.25

Iz/tz 20 20 20

I3/ts 1.25 0.75 0.25

The first candidate compliant structure with Mechanism A configuration is shown in Figure 9.
Parameters of the mechanism are determined as; 6 =m/12 =15°1;=1.25m, t;=5m, =10 m, t2= 0.5
m, I3=6.25 m, t3= 5 m. The first mode of the mechanism (f7) is at 1.94 Hz and the second mode is (fz) at
3.54 Hz. According to these modes, f2/f1 ratio of candidate mechanism is calculated as 1.83.

Figure 9. The first candidate mechanism for Mechanism A configuration (f2/f: = 1.83)

The second candidate compliant structure with Mechanism B configuration is shown in Figure 10.
Parameters of the mechanism are determined as; 6 = /3 =60° I;=1.25m, t;=5m, =10 m, t2= 0.5
m, I3=3.75 m, t3= 5. The first mode of the mechanism (f7) is at 1.48 Hz, whereas the second mode is (f2)
at 1.58 Hz. With these results, fz/f1 ratio of the candidate mechanism calculated as 1.07.

Figure 10. The second candidate mechanism for Mechanism B configuration (f2/f: = 1.07)

The third candidate compliant structure with Mechanism C configuration is shown in Figure 11.
Parameters of the mechanism are determined as; 6 = /3 =60° ;1 =6.25m,t;=5m,lz=10m, t2=0.5
m, [3=1.25 m, t3=5 m. The first mode of the mechanism (fz) is at 0.97 Hz and the second mode is formed
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(fz) at 1.51 Hz. Calculated f2/f: ratio is equal to 1.55.

Figure 11. The third candidate mechanism for Mechanism C configuration (fz/f: = 1.55)

After completing modal analysis for candidate configurations, it can be seen that the widest vibration
isolation frequency band is achieved via the mechanism provided in Figure 9. Therefore, it is
determined as the unit cell for the periodic vibration isolator.

3.2. The unit cell mechanism

The first step of the study was to analyze configurations of all proposed mechanisms and to determine
the mechanism, which has the highest f2/f1 ratio, as the unit cell of the periodic structure. According to
the results, mechanism A configuration was selected as the unit cell. In this step, final dimensions of
the unit cell are determined and characteristics of the unit cell mechanism is examined with frequency
response function (FRF).

The dimensions of the unit cell given with Figure 12 are determined as: 8 = /12 = 15°,[;=12.5 mm, t
=50 mm, Iz= 100 mm, tz=5 mm, I3= 62.5 mm, t3= 50 mm. The first mode of the unit cell f; is seen at
194 Hz and the second mode f2 is observed at 354.3 Hz. From here, f2/f1 ratio is calculated as 1.83.

Figure 12. The Unit cell mechanism (f; = 194 Hz, f> = 354.3 Hz and f2/f1=1.83)

Here, it should be noted that, mode shape frequencies of compliant mechanisms are only a function of
I/t ratios and 6 values. Therefore, a change on dimensions only causes the mode shape frequencies to
shift upwards or downwards provided that the I/t ratios and 6 values remain the same [18-21]. As a
result, when their ratio stays the same, then f2/f1 ratio stays the same, as well (see Figures 9 and 12).
Vibration isolation will be achieved between the range of the first two mode frequencies as for the case
in the literature [18-21].

In order to characterize the vibration isolation levels of the unit cell mechanism provided in Figure 12,
frequency response function (FRF) must be obtained and examined. To that end, a finite element model
is created. Roller-roller boundary conditions are applied to the model, which enables the mechanism
to move only in the x direction freely at the boundaries. In addition, displacement inputs to the model
are provided from the left side in the x direction. As a result, axial displacement inputs are utilized to
observe the effect of all modes in the frequency range of interest (0-500 Hz).
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The FRF analysis results are presented in Figure 13 as a displacement transmissibility plot. Here, one
can see that, the suggested unit cell mechanism in Figure 12 can provide vibration isolation between
194-370 Hz. As can be seen, vibration isolation starting and ending frequencies are closely related with
the first and the second mode shape frequencies of the mechanism, which is a result compatible with
the literature [18-21]. Within this frequency band (194-370 Hz), at least 25 % vibration isolation can
be achieved only by using one mechanism.

10°
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Figure 13. The displacement transmissibility (FRF) of the unit cell mechanism.

3.3. The periodic structure

The goal in this study was to determine a unit cell which provides the highest f2/fi ratio among
candidate mechanisms and create a periodic structure with repeated unit cell mechanism. After
determination of unit cell mechanism and the geometrical properties for it in the previous section,
periodic media can be created and examined properly. As it is previously shown in the literature [18-
21], when the number of repeating unit cells in periodic structure is raised then vibration isolation
levels achieved via the periodic structure increases, as well. The periodic structure in this study is
created with 3 repetition of the unit cell mechanism. Obtained one-dimensional periodic vibration
isolator can be seen in Figure 14.

INPUT | ‘ . - L = . OUTPUT
5 L} A =

Figure 14. The periodic vibration isolator design.

As indicated in the literature [18-21], it is expected the vibration isolation frequency band starts
approximately at 190 Hz, which is the frequency value in the near vicinity of the first mode of the unit
cell mechanism, and ends approximately at 360 Hz, which is the frequency value in the near vicinity of
the second mode of the unit cell mechanism.

In order to examine the vibration isolation performance of the periodic structure given in Figure 14,
the displacement transmissibility (FRF) plot (Figure 15) is calculated with finite element method.
Roller-roller boundary conditions are applied as done in the unit cell FRF analysis. Input displacements
are provided from one end of the periodic structure and output displacements are taken from the other
end (see Figure 14).
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Figure 15. The displacement transmissibility (FRF) of the periodic structure.

It can be seen in Figure 15 that; the periodic structure is performing effective vibration isolation
between 190-360 Hz. Despite using only three unit cells in the periodic structure, more than 80 %
vibration isolation is achieved throughout the frequency range of interest (i.e., 190-360 Hz). Moreover,
if a periodic structure is formed by using more than three unit cell mechanisms, then attained vibration
isolation levels will be much higher, as previously shown in the former studies in the literature [18-
21]. As a summary, the proposed periodic structure can be utilized as a one-dimensional vibration
isolator, in order to mitigate the incoming oscillations from one direction.

4. Conclusion

In this study, a periodic structure, which performs effective vibration isolation at low frequencies, is
designed. Firstly, candidate compliant inertial amplification mechanism configurations are proposed
and analyzed via parametric studies to determine one of them as the unit cell. Then, a one-dimensional
periodic structure is formed by embedding multiple unit cell mechanisms. The periodic structure is
analyzed and results obtained from displacement transmissibility (FRF) plots are provided to observe
the vibration isolation levels achieved. Considering the results obtained from the study, it is seen that
the periodic structure provides effective low frequency vibration isolation for mechanical waves
coming from one direction.

However, with this performance, it is also important to consider the manufacturability of these
systems. At the present time, modern manufacturing methods such as laser cutting is suitable for
producing this kind of monolithic solid mechanism structures, but the production costs will be
presumably high. Yet, with developing additive manufacturing methods, it will be possible to produce
this kind of periodic vibration isolators with less spending, in the near future.
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ABSTRACT

Keywords: QoS, SDN, Over the past decade, one of the most commonly utilized inventions in the realm of

Blockchain, Inter-Domain, computer communications is Software-Defined Networking (SDN). Among many other

Path Selection lauded advantages, the architecture of SDN supported by OpenFlow communication

. protocol potentially provides an End-to-End (E2E) path throughout multiple networks
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system. In this study, our main focus is on the influence of various path computation options
“Corresponding author: on overall QoSChain performance. In particular, we assess the effectiveness of five simple
evrimguler@bartin.edu.tr yet effective solutions for path selection: First Feasible Path Selection (FFPS), Random
Feasible Path Selection (RFPS), Minimum Hop Path Selection (MHPS), FFPS with the Border
Gateway Protocol (BGP) shortest path at inter-network level (FFPS_BGP), and MHPS with
the BGP shortest path at inter-network level (MHPS_BGP). Our experimental results
indicate that path selection is crucial to overall performance while minimizing hop counts

to deliver superior performance at the expense of initially longer setup times.

Cok Alanh YTA'da Blok Zinciri Tabanh
Yonlendirme Uzerinden Yol Se¢im Stratejilerinin
Etki Analizi
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Son on yilda, Yazihim Tanimli Ag Olusturma (YTA), bilgisayar iletisimi alaninda en yaygin
kullanilan buluslardan biri haline geldi. OpenFlow tarafindan etkinlestirilen YTA mimarisi,
diger pek cok 6vgiiye deger avantajin yani sira, ag yoneticilerine aglar arasindaki akislar
icin Uctan Uca (E2E) Hizmet Kalitesi (QoS) garantili yollar saglama konusunda yardimci
olma potansiyeline sahiptir. Daha dnceki calismamizda, aglar arasi QoS provizyonu i¢in blok
zincir teknolojisi ve YTA'nin faydalarini birlestiren QoSChain'i tamitmistik. Bu cerceve, aglar
arast politika otomasyonu, giivence, E2E goriiniirligii, kontrol ve dogrulamay:
etkinlestirmek icin yazilim odakl bir trafik yonetim sistemini diizenler. Bu ¢alismada, yol
secim stratejilerinin genel QoSChain performansi iizerindeki etkisine odaklaniyoruz.
Spesifik olarak, bes basit ama etkili yol secim stratejisinin performansini degerlendiriyoruz:
ik Uygun Yol Secimi (FFPS), Rastgele Uygun Yol Secimi (RFPS), Minimum Atlama Yolu
Secimi (MHPS), Sinir Ag Gegidi Protokolii (BGP) ile aglar arasi diizeyde FFPS (FFPS_BGP) ve
Siir Ag Gegidi Protokoli (BGP) ile aglar arasi diizeyde MHPS (MHPS_BGP). Deneysel
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Alan, Yol Se¢imi oldugunu goéstermektedir.
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1. Introduction

With the proliferation of various Internet applications (e.g., VoIP, video conferencing, online gaming,
etc.), more sophisticated and efficient routing mechanisms are required to meet the QoS demands and
requirements of the applications. However, due to different unsolved concerns including the limited
global view of network infrastructures, per-hop decisions, and limited Quality of Service (QoS) abilities
for network flows, End-to-End (E2E) routing in today's traditional networking is an ossified problem.
In current network architecture, Software-Defined Networking (SDN) and OpenFlow protocol offer to
promise and at the same time forward-looking solutions for routing problems. The OpenFlow protocol
and Software-Defined Networking (SDN) provide a potential and promising solution to figure out the
QoS-based E2E routing issues of the existing networking architecture. The SDN decouples control and
data planes through the use of a logically centralized controller component, providing several options
for routing capabilities and enabling QoS. QoS-based E2E routing per service flow both inter-networks
and intra-networks with the help of SDN and OpenFlow becomes more simple, scalable, and time-
efficient than traditional network systems [1].

In recent years, a new technology called Blockchain (BC) has emerged, drawing considerable interest
from researchers and practitioners, and being recommended for implementation in a variety of
application scenarios [2]. Some of these research studies achieve network-infrastructure research by
integrating BC infrastructure [3-7]. The authors in [3] provide an Ethereum-based approach to
implementing a smart contract for service creation with QoS parameters. The authors of [4] suggest a
unique BC-integrated orchestration structure for content dissemination networks to prevent
significantly increasing loads. For example, [5] provides a plausible routing strategy for acquiring E2E
path information by using blockchain nodes, but in a wireless sensor network, a model powered by
reinforcement learning technique is utilized to assist in efficiently selecting routing links connecting
dynamically picked routing nodes. The authors of [6] provide a safe BC-enable Border Gateway
Protocol (BGP)-based routing technique that maintains a common knowledge of the Internet's routing
mechanisms, avoids BGP hijacking, and prevents unauthorized use of BGP. Decentralized route
discovery to a gateway or destination device in a delay-tolerant Internet of Things (IoT) network, the
study in [7] represents a BC-based contractual routing protocol.

These BC and SDN-focused publications present networking-focused investigations, however, they do
not examine the implications of path selection algorithms in their recommendations. In this study, we
investigate the performance of our previously suggested BC-enhanced QoS-based inter-domain routing
system, which is distinct from the works described above, using various path selection algorithms.

In our previous work, by incorporating BC technology into SDN networks, we introduced a
revolutionary QoS-enabled inter-network routing system. namely QoSChain [8]. We explore
extensively in this work a topic that was left unaddressed in the original work as the impact of several
path selection techniques on the QoSChain's overall performance. Our recent work [9] represented
several fundamental path selection strategies that are called First Feasible Path Selection (FFPS),
Random Feasible Path Selection (RFPS), and Minimum Hop Path Selection (MHPS). In this paper, we
define new path selection strategies, namely, FFPS with Border Gateway Protocol (BGP) at the inter-
network level (FFPS_BGP), and MHPS with BGP at the inter-network level (MHPS_BGP) to compare the
performance of required time to set up a flow, the number of exchanging and processing messages, the
bandwidth-hop count product, and a composite metric of bandwidth and delay of the chosen paths are
used in turn to approximate the network resource consumption. In the experimental results, we
indicate that MHPS achieves better performance than the other approaches while having slower initial
connection request acceptance in various network topologies.

In the rest of the paper, we provide SDN and BC background in Section 2. The literature review of
blockchain-enabled routing is introduced in Section 3. Path selection tactics, the workflow of the path
selection framework, and a BC-enhanced, QoS-aware cross-domain routing framework are all
investigated in Section 4. Sections 5 and 6 explain the experimental results of our study and finalize the
paper, respectively.
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2. Architecture of Blockchain Enhanced Software Defined Networking

The Software Defined Network (SDN) consists of data, control, and application planes as shown in
Figure 1.

The data plane, which makes up most of the bottom plane, comprises various network components,
including virtual and physical switches and routers, access points, and so on. Through Controller-Data
Plane Interfaces, SDN controllers can interact with and control these devices (C-DPIs). The OpenFlow
communication protocol [10] is extensively used C-DPI standard to support the interaction between
data plane devices and controllers, and packet forwarding is a crucial and basic data plane function.
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Figure 1. SDN architecture

An SDN controller's middle plane is mainly composed of one or more software-based SDN controllers,
depending on the architecture, that offers control capabilities by using a C-DPI to observe network
forwarding behavior. The control plane includes the interfaces between controllers in the plane (i.e.,
the Application Controller Plane Interface, or A-CPI) as well as the interfaces between controllers and
network devices (i.e., the Intermediate-Controller Plane Interface, or I-CPI). The I-CPI is intended to
transfer information between controllers but is not standardized. Interaction between the controller(s)
and network applications is made possible by an A-CPI for network management, security, and other
reasons (or services). To control controller behavior, controllers have a variety of functional parts (e.g.,
a topology manager, a virtualizer, etc.).

The application plane, which is made up of network applications, is the top plane of an SDN. These
applications interact with controller(s) via an open A-CPI and use an abstract view of the network to
make decisions to perform specific network functions (e.g., REST API).

A data plane router or switch that supports OpenFlow [11] provides the process of transmitting
network packets by considering user-defined flow entries in a number of flow tables. Each flow entry
in the table is consisting of Counters, Actions, and Match that are used in TCP/IP to establish the flow
entry's primary focus on a specific packet header, to apply entities required in the Match field to a
packet, and to keep specified information (such as packets, flows, networks, etc.).

Figure 2 indicates the architecture of a block and blockchain. The structure of a block is made up of a
list of transactions (Tx) in a block body and a block header to specify various data for the block. The
block header may include various transaction details such as a timestamp, an identification number, a
difficulty variable, the encrypted value of a transaction in a Merkle tree, the hashed value of the
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previous/parent block, and a changing variable in each computation, depending on the blockchain use
cases and consensus protocols.
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Figure 2. Blockchain and block data structures

Each user has a set of private and public keys that they can use to conduct transactions on the network.
To gain access to the network, users must authenticate using private keys. Each user examines the
published transactions on the blockchain and discards any blocks that include incorrect transactions.
The hashed value of the previous block needs to be checked until reaching the Genesis Block as the first
block. Any member attempting to alter data in their network is not permitted to edit earlier blocks. As
a result, a blockchain's structure is impenetrable, and All nodes on the network must agree on a
consensus protocol (e.g., Proof-of-Work) with various features ensuring the integrity of data in order
to add a new block to the chain. [12].

3. Related Work

In the literature, there are numerous studies that introduce BC applications that are used in a variety
of fields (e.g,, 10T, cloud computing, supply chains, and healthcare systems). For this purpose, various
research studies focus on BC-based routing frameworks in the literature [3-7, 13, 14] whereas none of
these studies considers QoS-based E2E path selection framework over multi-domain SDN ISPs. There
is a close study in [15] that proposes a multi-domain latency-aware routing scheme in SDN networks.
Every pair of connected ISPs' round-trip times is periodically measured by the suggested architecture,
which then stores the results in a distributed, decentralized BC network. The BC network's latency
measurement data is processed by SDN controllers, who also verify data integrity and oversee latency-
aware routing for real-time data flows. On the other hand, except in our previous works [8, 16] that are
used in this research as a main part of the routing framework, QoS-aware E2E path determination over
multi-domain SDN ISPs is not well-studied, especially path selection efficacy on the utilization of
network resources.

The authors in [17] introduce SDN-enabled networking architecture with blockchain technology while
integrating the security and autonomy management layers to advance multi-layer communication in
SDN networks. The authors in [18] develop a framework that consists of trust and verifying QoS
compliance for E2E routing over multi-domain SDNs. To store and exchange the various types of trust
data needed to provision and validate E2E QoS compliance of the domains, TRAQR effectively takes
advantage of blockchain specifications such as the tamper-proof and decentralized infrastructure. In
[19], the authors employ a cross-domain routing framework to implement the trusted relationship for
various SDN controllers in a multi-domain network. The authors of [15] propose SDN instances
processed latency measurement data that are periodically posted and stored in blocks for validating
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the integrity of data and managing real-time data flows by considering latency-aware routing in a
blockchain network. In [20], controller(s) create blocks including flow rules-based transactions for
incoming flows, and send them to all switches under its control after validating based on the network
topological view. The authors of [21] propose a blockchain-enable infrastructure to transmit correlated
flows between social network users while focusing on minimal link overlapping in a set of paths by
using a topology manager module, flow association, and path selection modules over SDN controllers.

4. BC-Enhanced QoS-Aware Inter-Network Routing Framework with Various
Path Selection Strategies

This study analyzes the implications of alternative path selection strategies on the underlying network
by leveraging and enhancing our blockchain-enhanced Quality of Service (QoS)-aware SDN-based
inter-network routing framework proposed in our earlier study [8]. In this section, we introduce a
recap of the routing architecture, an explanation of the various path selection algorithms employed,
and the overall framework's workflow to accomplish this objective and make the investigation self-
contained and reader-friendly.

The Internet is made up of interconnected entities that send data from the origin to a target. They
connect geographically separated communication devices and networks whose IP prefixes are given to
an Internet Service Provider (ISP) with predetermined routing policies. The organization known as the
Internet Assigned Numbers Authority (IANA) assigns a specific ISP Number to each ISP on the Internet,
which is used in inter-ISP routing, also known as inter-domain routing, as an identity [22]. An ISP is in
charge of data transmission between its networks and networks hosted by neighboring ISPs. To that
end, an ISP uses the Interior Gateway Protocol (IGP) to connect its inner devices to its domains and the
Exterior Gateway Protocol (EGP) to connect to nodes in neighboring ISPs. Inter-ISP relationships are
formed between ISPs and can be peering or customer-provider interaction.

4.1. BC-Enhanced QoS-Aware inter-network routing framework

An illustrated network architecture is shown in Figure 3 that consists of five SDN-based inter-networks
or ISPs and a blockchain network between the network controllers is used to keep track of the
network's status for E2E routing regarding transactions and created blocks. In Figure 3, cylindrical
objects with interconnecting links (i.e., thick black solid lines) represent border nodes of the networks,
and through various networks, hexagonal objects without interconnection links show the core network
devices.

Controller
= (BC Node)

Controller e . Controller
(BC Node) .o *.., (BC Node)
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Figure 3. A blockchain-enabled SDN model

Blockchain-Enhanced SDN Controller: For blockchain capabilities in the SDN controller utilized in the
routing architecture, Figure 1 depicts the new controller modules, as well as the existing ones and
network applications that have been implemented. The Blockchain Manager (BM) module in a network
controller is in charge of all blockchain-related operations. Based on the blockchain's block validation
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rules, the Validator Agent is to validate the blocks that are incoming from other controllers. Before
being sent to the blockchain network, transactions and blocks are hashed by the Hashing Agent module.
The implementation of the transactions and/or blocks that make up the blockchain network, as well as
the blockchain network's consensus algorithm, is handled by the Transaction/Block Agent and
Consensus Protocol Handler, respectively. It is the responsibility of the Resource Monitoring Manager
(RMM) to keep an eye on network resources like bandwidth and delay and to alert the BM module to
set up the appropriate transaction(s) when anything changes. Global Routing App (GRA) is in charge of
putting inter-network routing functionalities into place when the controller receives an inter-network
service request. The Blockchain Application (BA) module assists with handling service request
messages as well as transferring blocks between the blockchain network and its clients.

Pathlet: A pathlet is a section of a clear path connecting two border node pairs at the Ingress and Egress
points. The pathlet end-points are Ingress and Egress nodes that are in the same network. For instance,
the pathlet between the two border nodes is shown as a partial green pathlet in Figure 3.

Source ISP
Service ID Nonce Number
Ig;’::::::_ Source IP Destination IP

Bandwidth Delay Path_Priority
v

Figure 4. Data structure of Service Request (SR)

Service Request: According to the routing framework, a Service Request (SR) is a request for the
provisioning of connectivity between users (i.e.,, computers) on the same or different networks using
specific QoS parameters, such as bandwidth and delay. Theoretically, users may ask for any rate of
service (bandwidth and/or delay), and a continuous-rate network must be able to support arbitrary
(service) requests. The SR data structures in the framework are shown in Figure 4. An SR message
contains the following information:

Service ID: The persistent service identifier for a service.

Nonce: Randomly generated distinct Service Request ID.

Source and Destination ISP Number: ISP numbers of the source/destination ISPs, respectively.
Source and Destination IP: The source and destination computers' IP addresses, respectively.
Bandwidth: The bandwidth demand of a service request over the E2E path.

Delay: The acceptable delay for a service request over the E2E path.

Path_Priority: The prioritized parameters of the E2E path regarding QoS parameters to indicate
path selection preference order (i.e., FFPS, RFPS, MHPS, FFPS_BGP, and MHPS_BGP), whose
details are provided in Section 4.2.

The SR message is generated by a relevant program on a user's computer and is then forwarded to the
relevant (source) network controller.

On the blockchain network, using cryptographic processes with a set of public and private keys, each
node on the network runs its own blockchain instance and correlates to a network controller in the
routing architecture. In this article, the terms blockchain node and ISP controller will be used
interchangeably. An IP address and a pair of public and private keys are both present on a blockchain
node for cryptographic operations. Peer-to-Peer (P2P) full-mesh networking is used by blockchain
nodes to communicate over the Internet. To establish a peering relationship, ISP controllers trade their
public keys and bind them to distinctive identifiers of blockchain nodes (i.e., ISP Number). The
controllers broadcast their public keys together with their digitally signed networking data and ask
other nodes for the same info (e.g., I[P addresses, ISP numbers, lists of border nodes, etc.). Keep-alive
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messages are used by blockchain nodes to manage whether or not their peers are still alive. The other
peer ends the peering connection with the blockchain node if a peer does not respond.

£
\ Tx ID Signature ISP Number
Pathlet ID Ingress Egress
P Node Node
| Max Min
| Bandwidth Delay Hop Count
1 A

Figure 5. The data structure of a transaction in BC-enabled QoS-aware inter-network routing

Transaction: In the routing framework, blockchain nodes generate transactions from pathlets and their
QoS values (i.e., controllers). Network controllers generate unique pathlets for each pair of border
nodes in their respective networks in order to add them to the blockchain ledger. Figure 5
demonstrates a transaction data structure within the routing framework. A transaction contains the
following information:

e TxID: The transaction's distinct ID

e Signature: The blockchain node (i.e., ISP controller) that created the transaction's digital
signature by utilizing its private key.

e ISP Number: The unique ISP number, which is used as an identifier in inter-ISP routing.

e Pathlet ID: The unique ID of a distinct pathlet.

e Ingress and Egress Node: The ending points (i.e., start and end node) of a pathlet in an ISP,
respectively. Each ISP will share its border node IDs with the other ISPs participating in the
blockchain in advance.

e Max Bandwidth and Min Delay: The pathlet's satisfying maximum bandwidth and providing
minimum delay.

e Hop Count: The number of hops in a corresponding pathlet in an ISP.

A blockchain sends a transaction to a node connected to the blockchain network, which verifies the
transaction's validity. Transactions that are invalid are discarded. Other connected nodes receive valid
transactions that were previously unknown to the node. The transactions will eventually reach every
node in the network after these further validate them and send them to their peers. The transaction
data validation rules determine which data is required to represent a transaction. Each blockchain node
in the framework needs to validate transactions using a set of rules that ensure: (i) the transactions are
required to be digitally signed, (ii) QoS-related bandwidth and delay fields of a transaction are positive
values, (iii) ISP number needs to be a valid number and available, (iv) ingress and egress node IDs in
the transaction belong to the network, where the transaction is generated.

Table I shows transactions created by ISP2 controller for pathlets between R10 and R12 border devices
in ISP2 network shown in Figure 3. The table shows transactions only for pathlets among R10 and R12.
The transaction with ISP2_6 ID is created for the interconnecting link from R10 to R4 in ISP2 and ISP1.
When an ISP joins the blockchain network, it begins by propagating the first transactions to the
appropriate blockchain nodes for the pathlets among the border network devices shown in the table.
The controller produces a new transaction (referred to as an update transaction) reflecting the state
change on the pathlet whenever there is a QoS-related network state change, such as a bandwidth
update in a link. To illustrate how to create a transaction in Table I, once ISP2 participates in the
blockchain network, the ISP begins to create its initial transactions that hold corresponding data for
the distinct pathlets among the border devices R10 and R12. The initial transactions with IDs ISP2_1,
ISP2_2, and ISP2_3 are for different pathlets having their IDs {R10_R12_1 (R10-R12), R10_R12_2 (R10-
R9-R12),and R10_R12_3 (R10-R9-R11-R12) between R10 and R12, respectively. Only the appropriate
owner controller is able to reach the pathlet's details (i.e., complete network device list across a pathlet
as ISP2 controller in this case). The controller initiates update (new) transactions for the pathlets when

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2022 Gazi Akademik Yayincilik 530



Gazi Muhendislik Bilimleri Dergisi: 8(3), 2022

a bandwidth update of a link occurs in the network, assuming that the bandwidth increased from 5
Mbps to 15 Mbps in the connection between R10 and R9. As seen in the table, the transactions with IDs
ISP2_4 and ISP2_5 are the newly updated transactions for previous transactions with IDs ISP2_2 and
ISP2_3 while reflecting the updated available bandwidth for the pathlets with IDs R10_R12_2 and
R10_R12_3 as 20 Mbps, respectively. Therefore, they have the same pathlet IDs.

Table 1. Transactions generated by ISP2 controller for pathlets between R10 and R12 border devices in ISP2. Transaction with
ISP2_6 ID is created for the inter-connecting link from R10 to R4 in ISP2 and ISP1, respectively. Transaction with ISP2_4 Tx ID
is an update for the pathlet with ISP2_2 Tx ID and R10_R12_2 Pathlet ID. Similarly, the transaction ISP2_5 Tx ID is an update for
the pathlet with ISP2_3 Tx ID.

. ISP Ingress Egress Max Min Ho
Tx1D Signature Number PathletID Ngode l\?ode Bandwidth Delay Cou?)t
ISP2_1 0000kbxfg... ISP2 R10_R12_1 R10 R12 15 5 1
ISP2_2 0000asx34... ISP2 R10_R12_2 R10 R12 5 12 2
ISP2_3 0000fdxr4... ISP2 R10_R12_3 R10 R12 10 15 3
ISP2_4 0000ytx6;j... ISP2 R10_R12_2 R10 R12 20 12 2
ISP2_5 0000erfg4... ISP2 R10_R12_3 R10 R12 20 15 3
ISP2_6 0000uprth... ISP2 R10_R4_1 R10 R4 40 30 5

Block: Figure 2 depicts the data structures of a block employed in this study's routing scheme. A
framework block is comprised of two components as the block header and transactions. Each block
header consists of Block ID, Previous Block Hash, Merkle Root Hash, Primary ID of the controller that
creates a block in a time interval of block generation, Timestamp, and Public Key of the block-generator
controller as follows:

o Block ID: The distinct number of a block.
Previous Block Hash: The hashed value of the previous block.
Merkle Root Hash: A data structure where each transaction's hash is merged with all the others
to create a single root hash.

e Primary ID: In a block generation interval (epoch), the unique ID of the major blockchain node
(ISP controller).

e Timestamp: The time point that the block was released.

e Public Key: The public key of the controller (i.e., the BC node) creating the block.

These data columns can be changed based on the blockchain use case and consensus process. At each
epoch, the primary's responsibilities are passed from the list of nodes to the next node. The principal
node creates a new block by following the steps outlined below:

Its transaction pool is where all new transactions are collected.

The invalid transactions are rejected according to the validation rules of the transaction.

If time limitations are available, it checks that block creation restrictions are being followed.

A block is created that includes all valid transactions and is signed with the primary node's
private key.

o The other blockchain nodes receive the newly generated block through propagation.

Once the other nodes receive the new block broadcast by the primary, they validate it as follows:
1. After receiving the block, they check that:

o The block was created through a current epoch'’s primary node that does not produce any other
blocks.
e Block s properly created and signed.

2. The transaction validation rules are checked, and the block is created within the block generation
limits.

3. If block verification is successful, the new block will be added to the node's blockchain.

4. If block validation was unsuccessful, the block is rejected and sent a bad block transaction.
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The blockchain node that produced the faulty block may be blocked or removed from the list of peering
nodes if it continues to produce similar blocks.

4.2. Routing framework path selection strategies

In this subsection, we explain the path selection techniques implemented in this research. To determine
the QoS-based E2E path of an SR, the proposed blockchain-enabled inter-ISP routing framework by
satisfying QoS requirements scans all available transactions in the blockchain. A network's path
selection approach is as important as its path calculation algorithm/protocol for achieving optimal
network resource usage and user quality of experience. For that purpose, we examine and contrast
several E2E path selection algorithms, including First Feasible Path Selection (FFPS), Random Feasible
Path Selection (RFPS), Minimum Hop Path Selection (MHPS) [9], FFPS with Border Gateway Protocol
(BGP) at inter-network level (FFPS_BGP), and MHPS with BGP at inter-network level (MHPS_BGP), to
investigate the effects on underlying network resources and scalability.

First Feasible Path Selection (FFPS): This strategy by using all available transactions in the blockchain
gives preference to choose the first possible E2E path computed at time ¢ to fulfill the SR. If we define
PEsz_Ed't = {Pl.s_d't, 1 < i < n}astheset of E2E pathways from s to d that fulfill the SR at time ¢t as (Pis_d't),
where n is the number of feasible paths and P, E‘” is never equal to zero, then the strategy will choose

the path that corresponds to the first computed feasible path (Pls_d’t € P, Ed‘t).

Random Feasible Path Selection (RFPS): This technique grants preference, when using all of the
transactions that are now accessible in the blockchain, to the path that is randomly chosen from among
all of the possible E2E paths that have been computed for the SR at time t. When we define P, =
{Pl.s_d't, 1 < i < n}as the set of E2E pathways from s to d that fulfill the SR at time ¢t as [Pl.s_d't), where
n is the number of feasible paths and Py, Ed't is never equal to zero, then the strategy will randomly pick
apath (P*~** € P5;,**,1 < i < n) among all available E2E paths.

Minimum Hop Path Selection (MHPS): Using all of the transactions that are currently available in the
blockchain, this selection method determines the path that will result in the fewest hops taken out of
all of the possible E2E routes that lead from the source to the destination. If we define P, =
{Pl.s_d't, 1 < i < n}as the set of E2E pathways from s to d that fulfill the SR at time ¢t as [Pl.s_d't), where
n is the number of feasible paths and Py, Ed't is never equal to zero, then the strategy picks the E2E path
(i.e., miny; L(Pl-s_d't)) that has the minimum number of hops among all feasible E2E paths. L(Pis_d't) is

the length (i.e., number of hops) of an E2E path and can be defined as:

L(Pis—d,t) =1+ Zvef_d'tEPis_d't 1,1<i,j<n (D

where ejs_d't is a link over the E2E path P°~%*.

FFPS with Border Gateway Protocol (BGP) at inter-network level (FFPS_BGP): This technique provides
preference to selecting the BGP shortest path at inter-network level [ 23], while taking the first available
path from intra-network level for E2E path computed to satisfy the SR at time t by leveraging all of the
accessible transactions in the blockchain. Let I5,%* = {Ijs—d‘t, 1<j<k jkeZ*} and Pt =
{Pl.s_d't, 1<i< n} be the sets of E2E shortest inter-network level ISPs (i.e., selected ISPs by BGP-based
shortest path) and paths from s to d satisfying the SR at time t, respectively, as (Pl-s_d't) with n as the
feasible paths for each intra-network [; by using BGP protocol at inter-network level, where Py, Ed't *

@, the strategy will then choose the first feasible path that was calculated (P ~%* € PS5, for each I €
Ig25")-

MHPS with BGP at inter-network level (MHPS_BGP): This selection strategy chooses the path that has
the minimum hops among all feasible paths in intra-network level by using all available transactions in
the blockchain while picking the BGP-based shortest path at inter-network level from source ISP to
destination ISP of a SR. Let I3;¢" = {IF™*",1 < j < k} and P5** = {P°"%",1 < i < n} be the sets of
E2E shortest inter-network level ISPs (i.e., selected ISPs by BGP-based shortest path) and paths from s
to d satisfying the SR at time t, respectively, as (Pis_d't), where Py, Ed‘t # @, then the strategy picks the
E2E path (i.e.,, miny; L(Pl.s_d't)] that has the minimum number of hops among all feasible E2E paths for
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each selected /; € Ig;g'f. L(Pl.s_d't) is the length (i.e., number of hops) of an E2E path and can be defined
as:

—dty _ ..
L(P) =1 +leelz;g,tng}?—d,tepis—d,t 1,1<i,j<n 1<p<k )

where ejs_d't is a link over the E2E path P°~%*.

4.3. Workflow of path selection framework

Figure 6 indicates the process followed by the E2E path selection method that is based on blockchain
technology and prioritizes the QoS of an SR. In Step 2, after receiving an SR from a user, the network
controller calculates an E2E path using its blockchain ledger. Taking into account the QoS parameters
and path selection priorities (i.e., Path_Priority) mentioned in the SR message, the E2E path is made up
of pathlets connecting a source network's edge node to an endpoint on the target network's edge. After
calculating available E2E paths, the QoS-based blockchain routing framework rejects the service
request by sending a Reject message to the user when there is no available E2E path in Step 3. If any
E2E path satisfies the required QoS parameters of the SR, the controller of the source ISP in Step 4
initiates the process of sending pathlet request messages to every ISP controller that is contributing a
pathlet to the calculated E2E path. In Step 5, if all pathlets are successful in satisfying the requirements
of QoS, after receiving messages of pathlet requests in Step 4, the framework initiates the process of
disseminating all responses to each network controller over an E2E path. In Step 6, the framework
gives a service response message that says "Accept” on the basis of the corresponding QoS

requirements.
= POD
b
= Controller uses blockchain ledger to compute
~*  and select an E2E path by using transactions E2E path available
S— and Path_Priority of SR or not
/ e
Service Request — - e
message is sent [ E é - = wot pvaita® ! g
"~ REJECT I § 8 s
IF (All ACCEPT =S

~
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Send Service Response Send Pathlet Response(s) back Send Pathlet Request(s)
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Figure 6. Workflow of inter-network routing with blockchain-enabled procedures

In Step 5, the controller of the source network can start looking for another E2E path that meets the
same criteria if any network controllers along the E2E path send the source network controller a
Reject response. With the help of their intra-network routing, the controllers of the source network
and the destination network are responsible for overseeing the segments of the E2E path between the
user and the border node of the source network, and between the border node of the destination
network and the host at the other end of the path.

5. Experimental Results

In this section, we demonstrate the experimental results of our simulations that indicate the
effectiveness and viability of the various QoS-based E2E path [8] finding strategies that were previously
introduced, including FFPS, RFPS, MHPS [9], FFPS_BGP, and MHPS_BGP, in terms of utilizing and
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contrasting required time to compute E2E path as Flow Setup Time (FST), overhead of communication
messages for setting up the QoS-based E2E path as the number of Messages Exchanged and Processed
(MEP), required network capacity for entire data dissemination from source to destination hosts as
Network Resource Consumption (NRC), and the impact analysis of simultaneously network capacity
and latency as Composite Metric of a Path (CMP). To assess the effect of network varieties on the inter-
network communication, we implement the NSFNET and US Backbone network topologies at the inter-
ISP level and vary the number of switches in intra-networks in the range of [5, 10]. All intra-network
topologies are generated with the degree connectivity of 0.8 by using Erdos-Renyi. For each service
request, we define the request with a bandwidth demand in the range of [5, 25]. The physical links in
the intra-networks provide the bandwidth capacity in the range of [5, 55] while supporting the
bandwidth capacity for each inter-connecting physical links between the inter-ISPs in the experiments
is quite enough (i.e., 10 Gbps) to eliminate ignoring service request rejection due to the limitations of
the network resource.

In Figures 7-9 and 8-10, according to our calculations, the average number of switches in a network is
7, and the average amount of bandwidth required for each service request is 10.
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Figure 7. Increasing bandwidth demand in a Service Request (NSFNET ISP Network)

5.1. End-to-end flow setup time

Flow Setup Time (FST) is the amount of time that must pass before the reservation state information
may be established along the E2E path that uses QoS. Since it takes into consideration propagation
delay, processing time, and path computation, the FST metric is an advantageous statistic that can be
used to evaluate the routing and scalability of SDN networks [8].

The impacts of rising bandwidth demand in a service request and the number of switches per network
on FST are represented in Figures 7a-9a and 8a-10a, respectively. This is because increasing bandwidth
demand restricts the available network resources and reduces the number of possible transactions to
choose an E2E path for a request. The proposed path selection strategies have similar flow
establishment times in Figure 7a. In contrast, as shown in Figure 8a, a lower total number of switches
produces correspondingly lower FST values for networks with fewer than 9 switches. The FST grows
larger as the number of switches does, with MHPS being the contributor that makes the most significant
contribution to this growth. This is because the latter will have to do a lot more work to pick the path
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with the fewest hops due to having a higher number of available transactions in the blockchain with a
more available network resource.

Figure 9a indicates that the proposed MHPS and MHPS_BGP approaches have higher FST to satisfy a
service request. This is because the strategies look for available transactions to pick a smaller number
of hops that are used for QoS-based E2E path from source host to destination host whereas the other
approaches pick first or randomly available pathlets from available transactions in the blockchain.
Similarly, when the number of switches is increasing, the blockchain will have a higher number of
available transactions with distinct pathlets. As seen in Figure 10a, the FFPS, RFPS, and FFPS_BGP
strategies outperform the minimum hop path selection strategies because the MHPS and MHPS_BGP
seek a higher number of transactions in the blockchain to find an E2E path with less number of hops.
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Figure 8. Increasing the number of switch(es) per network (NSFNET ISP Network)
5.2. Messages exchanged and processed

While the network size increases in terms of the number of switches that are used in each network, the
network controllers may have to cope with an increase in the number of flow requests and related
messages that are processed and sent between network devices (e.g., network devices, hosts, etc.).
Additionally, in order to establish a QoS-based E2E link that spans many networks, the controllers
communicate with one another and with other controllers that are already present in the network. The
controllers of ISP networks may become a bottleneck point due to the limited computational network
resources such as CPU and memory as a result of this message exchange and handling operations. In
order to provide a QoS-based E2E path for a flow of service requests, controllers make an effort to
reduce the total amount of messages that need to be processed and exchanged. As a result, for the
purpose of analyzing the effectiveness of routing frameworks in multi-domain SDN networks, the
Messages Exchanged and Processed (MEP) is another important indicator to contribute to the overall
scalability of a network.

Figures 7b-9b and 8b-10b represent MEP plots for FFPS, RFPS, MHPS, FFPS_BGP, and MHPS_BGP in a
configuration analogous to that used in the FST trials, with variable amounts of bandwidth required
per service request and the number of switches used in each network for the NSFNET and US Backbone
network topologies, respectively, at the inter-ISP level. As can be seen in the figures, the MHPS approach
has better performance than all other routing techniques with regard to the MEP measure and
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particularly as the demand for bandwidth and the number of switches in each network both increase.
Furthermore, the FFPS_BGP and MHPS_BGP have a better performance of MEP than the FFPS and RFPS
strategies because the FFPS_BGP and MHPS_BGP approaches use the BGP-aware shortest path at
network-level. However, the MHPS BGP strategy cannot guarantee that each BGP-based path at
network-level has a smaller number of hops at intra-ISP while the MHPS approach forces to pick a QoS-
based E2E path from the source host to the destination host by using all available transactions. In other
words, in contrast to the other routing systems, which do not need sending additional messages to
other networks, the MHPS strategy takes an active, explicit approach to the consideration of resource
availability when determining the optimal number of hops to take in order to build an E2E path. Both
FFPS and RFPS result in more communications since they select the first and the random feasible path,
respectively. In a sense, MHPS makes up for the initial longer amount of time spent creating the routes
by eventually achieving a higher level of effectiveness in terms of the MEP measure.

200
FFPS m-FFPS
800 180 14 s
160 ||.o-mHPs
RFPS . 140 [|4-FFPs_sagP
00 o 120 [[@MHPS BGP
MHPS W100|
= [
400 80
FFPS_BGP 60
40
MHPS_BGP 20 28 L I | | %
5 10 15 20 25

5 10 15 20 25

Bandwidth Demand Per Request Bandwidth Demand Per Request

a. Flow Setup Time (FST) b. Messages Exchanged and Processed (MEP)
2000 -‘FFPS ‘ ‘ ‘ 140 ".'FFPS
1800 [[ERFPS © 120 [[4-RFPS
1600 Er;':ss BGP % 100 .._MHPS
| FFPS_BGP
o }‘21'88 EEMHPS_BGP % 80 @ MHPS. BGP
£ 1000 3
800 g 60
600 g 40
400 Q
200 © 20
0 I It It il
5 10 15 20 25 5 10 15 20 25
Bandwidth Demand Per Request Bandwidth Demand Per Request
c. Network Resource Consumption (Bandwidth) d. Composite Metric (Bandwidth and Delay)

Figure 9. Increasing bandwidth demand in a Service Request (USNET ISP Network)
5.3. Network resource consumption

Using the resources available on the network to set up, administer, and monitor the quality of service
for end-to-end path requests is another indication of how the network is being implemented. One of
the best ways to address network performance issues and QoS for various services and applications
while having limited visibility to establish an E2E path in inter-ISP networks is to monitor network
flow (i.e., bandwidth). Therefore, to analyze path selection strategies, we use Network Resource
Consumption (NRC), which is another crucial performance metric, through a condensed bandwidth-
hop count product as a rough estimate.

Figures 7c¢-9c and 8c-10c represent the total network resource consumption while varying the
requested bandwidth for a service demand and the number of switches for each network with NSFNET
and US Backbone inter-ISP network topologies, respectively. As can be seen from the numbers, the
MHPS has a noticeably reduced NRC while simultaneously building a QoS-based E2E link that spans
many networks. This is due to the fact that, as was mentioned earlier, the MHPS searches through all of
the available transactions to find the one with the lowest hop count when choosing a path for a service
request, whereas the other approaches select the first available and randomly appropriate transaction
in order to set up the path more quickly. In Figures 7c and 9c, the MHPS approach outperforms the
other approaches by at least 70% when the bandwidth demand of a service request is higher than 10.
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Moreover, the MHPS and MHPS_BGP are seen to use similar path selection in intra-ISPs whereas the
MHPS considers picking an E2E path with a smaller number of hops for the entire network by using all
available transactions in the blockchain. Similarly, in Figures 8c and 10c, the MHPS has better
performance than other approaches as much as 50% when there are more than 6 switches in an intra-

network.
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Figure 10. Increasing number of switch(es) per network (USNET ISP Network)
5.4. Composite metric of a path

Another possible indicator of NRC is taking into account the amount of delay that the requests go
through while the path is being established. In addition, this will serve to contribute to the general
improvement of the user experience's quality. The Composite Metric of a Path (CMP) is our suggestion
for the combination of the values for bandwidth and delay that are exhibited by the various paths that
have been chosen. The CMP is computed as shown in Eq. (3).

Cj=axr+pxdy vijeL (3)
3]
a+f=1 apER

For each link ij in the entire network, C;; is calculated in Eq. (3), where indicates the bandwidth capacity
of a physical link, and the delay of a physical link is represented as d;;. To determine the importance
factor of QoS parameters, we use a and f§ values in the range [0, 1] in Eq. (3).

In Figures 7d-9d and 8d-10d, we adjust the a and f values as 0.7 and 0.3, respectively, while also
modifying the bandwidth requirement of a request and the number of switches in each network in a
manner that is analogous to what was done in the earlier sections. To achieve the goal of minimizing
the required composite metric while simultaneously constructing a QoS-based E2E channel over the
inter-network, we calculate the composite metric of each link in the network that is capable of meeting
the bandwidth requirement of the service request. Similar to minimizing the number of hops in an E2E
path, the MHPS and MHPS_BGP strategies have better performance than other approaches while
increasing the bandwidth demands of a service request and the number of switches per network. This
is because MHPS and MHPS_BGP focus on picking an E2E path that satisfies QoS parameters with the
minimum number of hops by using all available transactions. Thus, in Figures 7d and 9d, these MHPS
and MHPS_BGP techniques have similar results while the bandwidth demand of a service request is up
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to 20. When the bandwidth demand is higher than 20, the MHPS approach has slightly better results
than MHPS_BGP thanks to finding a minimum hop path by considering the entire network. Similarly, in
Figures 8d and 10d, the MHPS and MHPS_BGP approaches outperform other strategies in the CMP
metric by atleast 100% while increasing the number of switches per network. This is because the MHPS
and MHPS_BGP exploit select a path that has the minimum number of hops with the CMP metric.

6. Conclusion

We previously introduced QoSChain, an innovative blockchain-based QoS-enabled inter-network
routing system, which was accomplished by combining the potent advantages of Blockchain (BC)
technology with Software Defined Networking (SDN). As a further development of QoSChain, this work
investigates the impact of three path selection strategies defined in [9], and two new Border Gateway
Protocol-based inter-ISP routing strategies: First Feasible Path Selection (FFPS), Random Feasible Path
Selection (RFPS), Minimum Hop Path Selection (MHPS), FFPS with BGP at inter-network level (FFPS_BGP),
and MHPS with BGP at inter-network level (MHPS_BGP). To evaluate the performance of proposed path
selection strategies over NSFNET and US Backbone inter-network topologies, we use four different
metrics: (i) the required time to set up a flow as Flow Setup Time (FST), (ii) the number of overhead
messages of the network communication as Messages Exchanged and Processed (MEP), (iii) required
network resource to establish a service request as Network Resource Consumption (NRC), and (iv) a
correlation of network resource and latency for enabling an E2E path as Composite Metric of a Path
(CMP). The experimental results indicate that the MHPS and MHPS_BGP approaches have better
performance than the other approaches and exploit the effectiveness of reducing hop counts as much
as possible to pick a QoS-based E2E path for MEP, NRC, and CMP metrics despite the fact that these
results in a predominantly substantially longer initial FST.
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ABSTRACT

ASA (Acrylonitrile Styrene Acrylate) filament is widely used in outdoor applications thanks
to its superior properties. It is exposed to wear due to the environments in which it is used.
In this study, the tribological properties of the samples produced at different infill densities
(30%, 60%, and 90%) were investigated. Samples were produced using the fused filament
fabrication method prior to experiments. Friction tests were carried out on a pin-on disc
test device. The friction coefficient, wear rates, hardness, and diameter values of the
samples were measured. According to the results obtained, it was understood that there
was little change in the tribological properties of the samples according to the infill
densities. In addition, 90% infill density samples present higher hardness values and lower
wear rates compared to other samples. The study also shows that the fused filament
fabrication method is a suitable technique to produce samples from the strong ASA
polymer.

Eklemeli imalat Yontemiyle Uretilen Farkli Dolgu
Yogunluklarina Sahip Amorf Termoplastik

Numunelerin Tribolojik Ozelliklerinin Incelenmesi
0Z

ASA (Akrilonitril Stiren Akrilat) filament istiin 6zellikleri sayesinde dis mekan
uygulamalarinda yaygin olarak kullanilmaktadir. Kullanildigi ortamlardan dolayi asinmaya
maruz kalmaktadir. Bu ¢alismada, farkli dolgu yogunluklarinda (%30, %60 ve %90)
iretilen numunelerin tribolojik 6zellikleri arastirilmistir. Deneylerden once kaynasmis
filament iiretim yontemi kullanilarak numuneler tliretilmistir. Siirtiinme testleri, pin-on disk
test cihazinda gerceklestirilmistir. Numunelerin siirtiinme Kkatsayisi, asinma oranlari,
sertlik ve cap degerleri 6l¢iilmiistiir. Elde edilen sonuglara gore, dolgu yogunluklarina bagh
olarak numunelerin tribolojik 6zelliklerinde ¢ok az degisiklik oldugu anlasilmistir. Ayrica,
%90 dolgu yogunluklu numuneler, diger numunelere kiyasla daha yiiksek sertlik degerleri
ve daha diisiik asinma oranlar1 géstermektedir. Calisma ayrica, kaynasmis filament tiretim

yonteminin, gliclii ASA polimerinden numune iiretmek icin uygun bir teknik oldugunu
gostermektedir.
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1. Introduction

Additive manufacturing (AM) is a technology that enables the creation of objects layer by layer and
generates complicated parts. Different and complicated designs of the components can be produced
using this technology with specific fabrication techniques in an economic and versatile way. The
fabrication of prototypes can also be made easily in a few hours instead of weeks with AM techniques.
By means of these features, additive manufacturing systems have gained more attraction by academia
and industry in recent years. Based on American Society for Testing and Materials (ASTM) AM
technologies can be categorized as fused material extrusion, binder and material jetting, powder bed
fusion, directed energy deposition , sheet lamination, and VAT polymerization [1]. Fused deposition
material is one of the most used techniques by many professional and non-professional users due to
its accessibility and cost-effectiveness. Briefly, in this method, polymers are melted and sent through
the nozzle to fabricate components according to a specific pattern based on layer by layer approach.
Several polymers such as poly-caprolactone [2], [3], polyethylene glycol [4], [5], polylactic acid [6], [7],
polycarbonate [8], [9], acrylonitrile butadiene styrene [1], [10], [11], acrylonitrile styrene acrylate [1],
[12], [13], and a combination of polymers and different materials [14]-[16] can be used with AM
technologies to produce prototypes and real products.

Acrylonitrile styrene acrylate (ASA) is a thermoplastic polymer that has strong weather resistance,
mechanical properties, UV irradiation, moisture, heat, and cracking. It has been widely used in
prototyping production with fused deposition modeling printers, additionally, it has also a broad usage
in the automotive industry due to its lightness and strongest [17].

There are many kinds of research investigating the mechanical [12], [18], [19], thermal, microstructure
[18], and recycling properties [20], [21] of ASA polymer in the literature, however, there are a few
studies about the tribological investigation of this polymer. Large 3D printed parts was also produced
with ASA polymer using large format additive manufacturing process [12]. The parts were produced
from neat ASA and carbon fiber-filled ASA polymer to investigate mechanical, thermal and rheological
properties in this study. The printability of both materials was achieved with the large format additive
system, as a result of the study, thermal conductivity and mechanical properties of carbon fiber loaded
ASA increases while the melting flow rate decreases [12]. Guessasma et al. investigated the effect of the
microstructure of 3D printed parts with ASA on the mechanical characteristics [18]. They focused on
the printing temperature of the polymer to understand its effects on mechanical and thermal
performance and specify the optimum printing temperature. In this study samples were produced
between 220 °C to 255 °C, result of this, they stated that 250 °C was found as the optimum printing
temperature for ASA, while if the temperature is below 240 °C printability problems occur [18].
McFarland and Antunes used ASA polymer to understand suitability as a candidate for hybrid rocket
fuel grain in their study, the fused filament fabrication methodology was used to produce 3d printing
rocket fuel grain [22]. In this study, ASA, acrylonitrile butadiene styrene (ABS), polyethylene
terephthalate glycol (PETG), polypropylene, nylon, polylactic acid (PLA), and AL (PLA with aluminum
particles) were used to produce samples. The regression rate was investigated after small burning test.
Based on these experiments, they stated that acrylonitrile styrene acrylate and nylon had the highest
regression rate comparing the other polymers [22]. Tribological performance of ASA polymer parts
was investigated in the following studies [16], [23]. Martinez et al. has focused on manufacturing
processes effects on the tribological and mechanical characteristic of ASA polymer. Wear rate and
coefficient of friction values were examined using a pin-on-disc apparatus. They stated that as a result,
wear effects on the samples seemed to be less on printed parts with higher layer thickness in this study
[23].

Even many studies on mechanical and physical investigations of ASA polymer in the literature there is
a lack of studies about the tribological investigation of this polymer. In order to understand wear and
friction performance of ASA polymer produced with fused filament fabrication requires more studies.
Therefore, this study will be a preliminary study of the tribological properties of ASA polymer.

2. Material and Method

The In this study, ASA (Acrylonitrile Styrene Acrylate) filament with a diameter of 1.75 mm and a
density of 1.04 g/mm3 was used. Material properties can be found in Table 1. It is a material that is
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widely used thanks to its anti-static properties, resistant to impacts and abrasion, high UV resistance
and water-resistant structure. Due to these properties, this filament was preferred in the experiments.
ASA (Acrylonitrile Styrene Acrylate) was purchased from Flashforge, it has a white color, print
temperature between 240-260°C with a 100°C bed temperature.

Table 1. Material properties used in the study (From Manufacturer)

Material Type Amorphous thermoplastic (ASA)
Material Density 1.1g/cm?3

Material Form and Color Filament - White

Filament Diameter 1.75 mm

Glass Transition Temperature 105 °C

Printing Temperature 240-260°C

Bed Temperature Around 100 °C

Thermal Conductivity 0.18 W/ m-K

Teira 3D Plastix 250, Turkey brand 3D printer was used in the production of the samples. The 3D
printer is given in Figure 1. In the printing process, the table temperature is 105 °C, the nozzle
temperature is 255 °C, the infill angle is 45°, the layer height is 0.2 mm, and the number of walls is 1.
The samples were produced in a rectangular pattern, cylindrical shape of 10 mm diameter and 20 mm
length at 30%, 60% and 90% infill densities. Thus, the effect of the infill density on the tribological
properties of the samples was investigated. In order to determine the effect of the infill densities on the
measurement accuracy, the diameter values were measured with the help of a micrometer and the
hardness values were measured with the Durameter brand Shore D test device immediately after the
samples were produced. The hardness device was calibrated using the calibration block of the device
before the measurement. 5 measurements were made and the average values were taken. Printing and
test parameters were given in Table 2.

Printed

Designed

Figure 1. Teira 3D Plastix250 brand printer and test samples used in the experiments

Friction tests were carried out in Turkyus brand pin-on disc test device according to ASTM G99-17
standard. The pin on disc test device was calibrated before the experiments according to the instruction
in the user manual. Pin-on disc test was performed at room temperature (20°C) with rotation speed =
600 rpm, track diameter = 40 mm, speed = 1257 mm/s, distance = 1507920 mm, force = 12 N. In the
friction tests, 1.2379 steel disc with 60 HRC hardness was used. Radwag PS 360/C/2 brand balance
with 0.001 gr precision was used to determine the weight losses after the wear tests. The weighing
device is placed on a stable surface with the help of scales. The device was reset before the
measurements. A microscope (Dino Lite AM7915MZT) was used to take images of the worn surface of
the samples. Scale settings were calibrated using the image processing software of the microscope. The
wear rate was calculated according to Equation 1.

Wear volume loss (1)

Wear rate (spesific) = ——— - -
Sliding distance X Aplied load X Density
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Table 2: Printing and wear test parameters
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Printing Parameters

Nozzle / Bed Temperature

255°C/105°C

Infill Angle / Printing Pattern 45° / Rectangular
Layer Height / Wall Number 02mm/1
Infill Density 30% / 60% / 90%

Dimensions (Height & Diameter) Cylinder (20 mm / 10 mm)

Pin-on-disc Test Parameters

Standard Number ASTM G99-17
Test Temperature 20°C
Rotation Speed 600 rpm
Track Diameter 40 mm

Speed 1257 mm/s
Distance 1507920 mm
Load 12N

Disc type and hardness 1.2379 steel disc / 60 HRC

3. Results and Discussion

The tribological properties of the samples produced at 30%, 60% and 90% infill densities using ASA
filaments were investigated. Thanks to the study, it is aimed to use the least material without
compromising its tribological properties. The results obtained from the study were evaluated. The
hardness, diameter value and wear rate results of the samples are given in Figure 2.

The hardness values of the samples with 30%, 60% and 90% infill densities were measured at 96.6,
94.8 and 98.4 Shore D, respectively (Figure 2a). It is seen that the samples with 90% infill density have
the highest hardness value. The lowest hardness value was reached in the samples with 60% infill
density. Despite having the same patterns, the change in the infill density affects the hardness of the
samples. The difference in hardness values can be attributed to the cooling rate caused by the changing
sample mass and the density of the patterns. The diameter values of the samples with 30%, 60% and
90% infill densities, measured immediately after manufacturing, were measured as 9.66,9.53 and 9.71
mm, respectively (Figure 2b). There is a parallelism between the hardness values of the samples and
the diameter values. The hardness differed according to the filling ratios. The hardest samples were
observed in samples with 90% fill rate. At the same time, the samples closest to the target diameter
value of 10 mm are the samples with 90% fill rate. The highest diameter deviation value was
determined in the samples with the lowest hardness and 60% fill rate. This proves that the samples
differ according to the amount of material and pattern density. The wear rate values of the samples are
given in Figure 2c. The least wear rate was obtained in samples with 90% infill density. As the infill
densities increased, a decrease in the wear rates of the samples was obtained.

The average friction coefficients of the ASA samples obtained with the pin-on test device are given in
Figure 3. The friction coefficient of the samples with 30% infill density is at the lowest level. Changes
in the average friction coefficient values were observed with the change of infill densities. However, it
is seen that there is no direct proportionality between the increase in the occupancy rate and the
friction coefficient. This can be explained by the fact that friction behavior is a complex phenomenon.
The friction coefficient was the highest in the samples with 60% filler density. Fluctuations in the
friction coefficient were detected in the first period of the friction test, during the break-in phase. It has
been determined that the friction coefficient of the 90% filler density samples with the highest infill
density is more stable after the familiarization phase, that is, after the 400 s test period. This can be
explained by a greater change in the contact area with particles deposited and adhering between the
patterns during testing, when the infill density is low. There may not always be a linear relationship
between the filling density and the coefficient of friction. The changes that occur on the surfaces during
friction affect the friction coefficient. Some researchers have observed this in their studies. Zhang et al.
[24] evaluated the friction coefficients of 25, 50, 75 and 100 fill density PLA samples. They reached the
lowest coefficient of friction in samples with 50% filler density. This is due to the friction process on
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the surface of the sample with 50 percent filler density. Friction particles uniformly fill the irregular
shape of the three-dimensional printing original surface. With this filler, it ensures that the surface
smoothness reaches the best condition. They stated that this reduces the friction coefficient on the
contact surface of the two friction pairs.
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Figure 2. Hardness, Diameter and Wear rates of samples
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Figure 3. Friction coefficients of samples with 30%, 60% and 90% filler densities

The worn surface images of the samples with 30%, 60% and 90% infill densities are given in Figure 4.
As aresult of the wear tests, it is seen that there are obvious wear marks on the samples. It is seen that
adhesions between patterns are intense in samples with 60% and 90% infill densities. The presence of
adhesions and the presence of grooves on the samples indicate that abrasive and adhesion mechanisms
are effective. In the sample with 60% filling density, the contact area with the pieces accumulated
between the patterns increased, so the wear also increased. This also affected the coefficient of friction.
Increasing the contact area and changing the surface quality of the contact surface affect the friction
coefficient and wear mechanisms. At 90% infill density, after the friction test, the pattern gaps were
filled and a completely flat surface was formed. It can be said that this situation behaved like a 100%
filled sample. According to this result, reducing the infill density may be advantageous in some cases in
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terms of cost. Different infill densities affect the contact area, temperature during wear, friction
coefficient and surface wear behavior [6]. The air spaces between the patterns differ according to the
patterns. In addition, during the friction test, the filling of the air spaces with the adhered particles
causes the contact surface to change and the heat generated to increase. This also affects the wear
behavior of the samples.

30 % infill density [ 60 % infill density J [ 90 % infill density

Before test

After test

Figure 4. Worn surface images of samples with 30%, 60% and 90% infill densities
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ABSTRACT

There are some criterias set by the national aviation authorities to ensure the safe take-off
and landing requirements for an aircraft. According to the statistics, wing structure is one
of the structures of an aircraft with the highest risk of bird impact. The purpose of this
article is to investigate the robustness of a wing leading edge against a possible bird strike.
3D modeling of wing and bird structure was made using Catia V5 program; these models
were then transferred to the LS-DYNA program to create a finite element mesh. SPH method
was used to create the particle structure of the bird. Multiple simulation models have been
developed for bird and wing structure, and the results from each simulation have been
compared. According to the results obtained from this study; the strength of 2xxx aluminum
alloys has been found to be insufficient against high-speed bird impacts. However, the use
of composite material with a cross-ply sequence for the shell element has positively affected
the front spar. In addition, the use of supporting materials such as honeycombs and foam
caused to decrease maximum effective stress and protected the front spar from damage.

Bir Ucak Kanadinin Hiicum Kenarina Kus
Carpmasinin Diizgiin Parcacik Hidrodinamigi

Yontemiyle Sayisal Incelenmesi

0Z

Bir ucagin giivenli kalkis ve inis gereksinimlerini saglamasi i¢in, ulusal havacilik
otoritelerinin belirlemis oldugu bazi kriterler bulunmaktadir. Istatistiklere gére, kanat
yapist bir u¢agin kus carpmasina maruz kalma riski en ytiksek yapilarindan biridir. Bu
makalenin amaci bir kanat hiicum kenarinin olasi bir kus carpmasina karsi saglamligini
sayisal olarak 6l¢cmektir. CATIA V5 programi kullanilarak kanat ve kus yapisinin 3 boyutlu
modellemeleri yapilmis; daha sonra bu modeller, sonlu elemanlar aginin olusturulmasi icin
LS-DYNA programina aktarilmistir. Kusun partikiil yapisinin olusturulmasinda SPH
yontemi kullanilmistir. Kus ve kanat yapisi i¢in birden fazla simiilasyon modeli
gelistirilmistir ve her bir simiilasyondan elde edilen sonuglar birbiriyle karsilagtirilmistir.
Bu calismadan elde edilen sonuglara gore; yiiksek hizli kus carpmasi darbelerine karsi 2xxx
aliiminyum alagimlarinin mukavemetinin yeterli seviyede olmadig1 gériilmiistiir. Bununla
birlikte; kabuk elemanu i¢in ¢apraz fiber dizilimine sahip kompozit malzeme kullanilmasi,
on Kkirisi olumlu yonde etkilemistir. Ayrica, bal petegi ve kopiik gibi destekleyici
malzemelerin kullanilmasi maksimum etkin gerilmenin diismesine sebep olmus ve 6n Kirisi
hasar almaktan korumustur.

To cite this article: M. F. Saribas and S. Karadeniz, “Numerical Investigation of Bird Strike on an Aircraft
Wing Leading Edge by Smooth Particle Hydrodynamics Method,” Gazi Journal of Engineering Sciences,
vol. 8, no. 3, pp. 547-566, 2022. do0i:10.30855/gmbd.0705042



Saribas & Karadeniz Gazi Muhendislik Bilimleri Dergisi: 8(3), 2022

1. Gll"ls (Introduction)
Kus ¢arpmasi olay, ugus glivenligi i¢cin tehdit olusturan en 6nemli unsurlardan biridir ve diisiik bir
ihtimal de olsa felaketle sonuglanabilir. Kus ¢arpmalari, diinya ¢apindaki havacilik endiistrileri i¢in her

yil 1 milyar dolarin lizerinde oldugu tahmin edilen 6nemli bir ekonomik kayba neden olmaktadir [1].

Sekil 1’de kus ¢arpmasi bakimindan en ¢ok risk altinda olan ugak yapilar1 gosterilmistir.

Kanat ve kuyruk hiicum kenarlan

‘ : On cam, burun (radom), cam

cerceveleri

Sekil 1. Kus ¢arpmasi riski yiiksek ugak yapilari (Aircraft structures with highest risk of bird strike) [2]

2019’daki toplam 17358 kus ¢arpmasi rekorunun ardindan, 2020’de %33’liik bir azalma ile 11605 kus
¢arpmasi rapor edilmistir. 2019’a kiyasla kus ¢arpmasindaki %33’liik diisiis, COVID-19 pandemisinin
etkisiyle havaalanlarindaki ugak hareketliliginde yasanan %37’lik azalmadan kaynaklanmistir. 31
yillik periyotta (1990-2020), %98.2’si ABD'de meydana gelen toplamda 243064 kus ¢arpmasi vakasi
bildirilmistir. 1990'dan 2020'ye kadar, kus ¢carpmalarinin yiizde 53'ti Temmuz ve Ekim aylar1 arasinda
gerceklesmistir. Bu aylar kuzey yarimkiirede kuslarin en fazla gog ettigi aylar olarak da bilinmektedir.
Kus ¢arpmasi vakalarinin %62’sinin giin boyu, %29’unun ise gece gerceklestigi tespit edilmistir [3].
Ayrica yagmurly, karli ve sisli havalarda ¢ok az sayida kus ¢arpmasi vakasi gézlenmistir [3].

1990-2020 yillar1 arasinda 608 kus tiiriiniin ugaklara ¢arptig1 tespit edilmistir ve bu tiirlerin 304'iinlin
hasara neden oldugu bildirilmistir. 2020 y1linda, sivil ugaklarin ¢arptigi 315 kus tiirii tespit edilmistir.
Giivercinler (%13), yirticilar (%12), martilar (%10), kiy1 kuslar1 (%9) ve su kuslar1 (%5) ugaklarla en
¢ok carpisan kus tiirleri olarak rapor edilmistir. Bununla birlikte, olas1 bir ¢arpisma durumunda; su
kuslarinin giivercinlerden 4.2 kat daha fazla, martilar veya yirticilardan 1.2 ila 1.5 kat daha fazla hasar
verdigi belirlenmistir [3].

Kus ¢arpmasi vakalarinin %951, ugaklar 70-280 knot hiz araliginda ugarken meydana gelmistir. Kalkis
ve inig sirasinda motorlarin trettigi itki kuvveti fazla oldugu i¢in, vakalarin %30’u ugak kalkarken,
%601 ugak piste inerken meydana gelmistir [3]. Ayrica biitiin ¢arpismalarin %72’sinin 150 metreden
daha az (zemine yakin yerlerde) ve %92’sinin 900 metrenin altinda gergeklestigi rapor edilmistir. Bu
da ugagin kalkis ve inig evrelerini kritik bir hale getirmistir. Bu nedenle ugak tasariminda ve ugusa
elverislilik degerlendirmesinde, u¢agin kalkis ve inisi sirasindaki kus ¢arpmasi direnci dikkate
alinmalidir [4].

Kus ¢arpmasi analizlerinde; ana problemler, seklin secimi ile baslar, malzeme o&zellikleri ve kus
modellemede kullanilacak olan simiilasyon yaklasimi ile devam eder. Kati kus modeli olusturmada,
yaygin teknik olarak silindir, yarim kiire ya da yarim kiire uglu silindir sekilleri kullanilir. Malzeme
ozellikleri genel olarak suyun 6zelliklerine benzer olarak segilir. Simiilasyon yaklasimi, LS-DYNA’da
bulunan Lagrange, SPH ya da ALE yaklasimlari ile yapilabilir [5].

Kus ¢arpmasi lizerine ge¢miste yapilan ¢alismalarda hava araci yapisal pargalarinin kus ¢arpmasina
kars1 dayanikliliginin karakterize edilmesi yoniinde kalinlik, malzeme, hiz ve kus sekline bagh olarak
calismalar yapilmistir. 1970 yillarinda baslayan bu ¢alismalar, bu yillardaki niimerik hesaplama
olanaklarinin yetersiz olmasi sebebiyle genellikle deneysel ¢alismalar olarak kaydedilmistir [6].
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Kahvecioglu [5] yazdig1 raporda 2000’den 6nce yapilan kus c¢arpmasi ¢alismalar1 icin sdéyle bir
degerlendirmede bulunmustur:

“Daha énceki yapilan kus ¢carpmasi analizlerinde hedefe kus tarafindan uygulanan yiik hedefin
tepkisinden baglantisiz hale getirilirdi. Bu simiilasyonlarda kusun bir sonlu eleman modeli olusturulmaz
ve kuslarin etkisi bir takim basitlestirici hipotezlerle olusturulan bir zamana ve konuma bagli yiik olarak
yapiya uygulanirdl. Ancak 2000°den sonra yapilan ¢alismalarin ¢ogunda kusun da sonlu eleman modeli
olusturulmus, kusun carpacagi yiizeyde uygunluk saglanarak carpilan yapinin cevabi ile baghlik
saglanmigtir.”

Guida ve digerleri [7] yaptiklar1 ¢alismada SPH yontemini kullanarak, kus ¢arpmasina maruz kalan
fiber metal sandvi¢ kanat hiicum kenarinin dayanikliliginin sayisal bir incelemesini yapmislardir.
Deneysel verilerle simiilasyon verileri arasinda miikemmel bir uyum elde edilmistir. Gelistirilen
modelin, hiicum kenarinin son deforme seklini ve yabanci cismin hiicum kenarini delmedigini dogru
tahmin ettigi gorilmistiir; bu, tasarlanan hiicum kenarinin i¢ hiicum kenar1 yapisini hasardan
koruyabilen bir kompozit malzeme oldugunu ve sertifikasyon gereksinimlerini karsilayabildigini
gostermistir. Sayisal ve deneysel uyum; gelistirilen sonlu elemanlar modellerinin, yapisal tepkileri
karakterize eden farkli hasar mekanizmalarini iyi temsil edebildigini gostermektedir.

Kim ve digerleri [8] kompozit fan diizenekleri tizerindeki yumusak darbe hasarini incelemislerdir.
Calismalarinda statik tek kanatli ve donen fan diizenegi iizerindeki ¢arpma simiile edilmistir. Kus
carpmasi hasarini modellemek i¢in ALE ve SPH teknikleri kullanilmistir. Gelistirilen “Kus Darbeli
Kompozit Hasar Modelleme Yaklasimi” nin, kus carpmasi hasarina maruz kalan gelecekteki tahrik
sistemlerinin dayanikliligin1 degerlendirmek i¢in, kapsamli bir metodolojinin gelistirilmesine yonelik
kritik bir adim oldugu sonucuna varmislardir.

Hedayati ve Rad [9] bir yaban 6rdeginin rijit bir hedefe karsi carpmasini sayisal olarak incelemislerdir.
{lk olarak, yarim kiire uglu bir silindirin rijit hedefe karsi carpmasini simiile etmislerdir. Daha sonra,
CT taramasi ile ger¢ek yaban érdeginden saglanan verilerin gortntiisii kullanilarak gelistirilmis bir
yaban 6rdegi SPH modeli olusturulmustur. Buradan yola ¢ikarak gercek bir yaban 6rdegine benzer
sekle sahip bir yaban 6rdegi modeli kullanmanin, kusun bir yiizeye hangi a¢iyla ¢arptiginin hedef
lizerindeki etkilerinin arastirilmasini miimkiin kildig1 ¢ikarimina varmislardir. Bunun igin hedef
lizerinde farkli konumlardaki maksimum basing noktalarini hesaplamis ve birbirleriyle
karsilastirmiglardir. Sonuglar, kusun alt tarafindan darbe almanin en zarar verici senaryo oldugunu,
kanat tarafindan darbe almanin ise en giivenli darbe senaryosu oldugunu gostermistir. Son olarak, daha
gercekei bir kus modeli kullanilarak, gercek kus ¢arpmasi olaylarina yeterince dayaniklilik gosterecek
glvenli ve saglam bir yapi olusturulabilecegi sonucuna varilmistir.

Kus carpmasi ile ilgili bagka bir ¢alisma Liu [10] tarafindan yapilmistir. Liu ve digerleri [10] farklh
hizlarda diiz bir plaka ile kus ¢arpmasi i¢in deneyler ve simiilasyonlar yapmislardir. Diisiik darbe
hizlarinda tanimlanmis hata sinirina sahip bir elastik-plastik malzeme belirlenmistir. izotropik elastik
plastik hidrodinamik kat1 model, ara darbe hizlarinda kus ¢arpmasi simiilasyonu i¢in en uygun model
olmustur. Son olarak, kati model icin Gruneisen EOS tanimina sahip SPH y6nteminin, ytliksek darbe
hizinda kus ¢arpmasi simiilasyonunu sagladigi gorilmiistir.

Heimbs ve digerleri [11] gelismis sayisal yontemler kullanarak kus carpmasi yiiklerine karsi laminer
kanat uygulamasi icin metalik Krueger flebi tasarlanmasi ve boyutlandirilmasina yonelik bir prosediir
sunmugslardir. Yaklasim, deneysel veriler kullanilarak modelleme yontemlerinin adim adim
dogrulanmasina dayanmaktadir. Temel modelleme yontemleri; dogrusal olmayan malzeme
modellemesi, kinematik menteseler modellemesi, tutturulmus eklemler modellemesi ve hidrodinamik
kus carpmasi modellemesi (SPH) olarak ortaya cikti. Carpma simiilasyonlarindan elde edilen son
tasarim, gercek bir tam 6lcekli gaz topu ¢arpma testindeki kus carpma direncini dogrulamistir. Bununla
birlikte; malzeme kalinlig1 optimizasyonlariicin ii¢ simiilasyon adimini (statik dayanma analizi, garpma
analizi ve artik dayanma analizi) otomatik bir stirecte birlestirerek, nihai tasarimi daha hizli elde etmek
icin cok disiplinli optimizasyon agisindan daha fazla iyilestirmenin miimkiin oldugu belirtilmistir.

Long [4]'un makalesi, kus carpmasi olaylarinda kompozit kanat hiicum kenari yapisinin dinamik
tepkisini ve hasar modellerini modellemek i¢in sayisal bir yontem sunmaktadir. Kompozit malzeme
icin kullanilan kurucu model; malzemenin dogrusal olmamasini, gerinim hizi bagimliligini ve degisken
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hasar modlarini dikkate almistir. Malzeme hasarini ve eleman silme islemini hesaba katan kullanici alt
rutinleri kullanilarak kompozit tabakalarin asamali hasar siireci simiile edilmistir. Karsilastirmali
sonuglar; modelin, kompozit yapilarin deformasyon ve maksimum hasar o6zelliklerini yeniden
liretebildigini gostermektedir. Ayrica, yiiksek hiz etkisi altinda kompozit malzeme i¢in gerinim hizi
etkisinin ve dogrusal olmamanin dikkate alinmasinin gerekli oldugu kanitlanmistir. Kanat aciklig
yoOniine paralel fiber tabakanin sapmanin azalmasina katkida bulunabilecegi sonucuna varilmistir. +
45° katlarin oraninin yiikseltilmesinin, yapinin enerji emme kabiliyetini arttirabilecegi 6ngoriilmustiir;
clinkii + 45° katlarin kesme yiiklemesi altindaki hasar dagilim enerjisi, karbon fiber-epoksi kompozit
malzemeler i¢in diger yonlere kiyasla nispeten biiyiiktiir.

2. Materyal ve Yontem (Material and Method)
2.1. Durum denklemi ve kus modellenmesi (Equation of state and bird modeling)

Kusu modellemede kullanilan yaygin teknikler; kati bir elipsoid, silindir veya yarim kiire uglu silindir
modellerinden olusmaktadir. Malzeme 6zellikleri genellikle suyun 6zelliklerine benzer olacak sekilde
secilir. Tiim modellerde kus idealize edilmis bir geometri ile temsil edilir ve malzeme modeli, kus
ortamindaki basing-yogunluk iligkisini tanimlamak icin bir durum denklemi (EOS) ile ifade edilir.
Genellikle kullanilan malzeme modeli, baslangicta metallerde balistik carpisma icin gelistirilen elastik-
plastik hidrodinamik olarak adlandirilir [12].

Bu c¢alismada kusun malzeme Ozelliklerini modellemek igin LS-DYNA’da  bulunan
MAT_ELASTIC_PLASTIC_HYDRO malzeme karti kullanilmistir. Bu malzeme karti, elastik-plastik
hidrodinamik bir malzemenin modellenmesine izin verir ve bir durum denklemi (EOS) gerektirir.
Elastik bolgede, kesme modiilii 2 GPa ve akma gerilimi 0.02 MPa olarak belirlenmistir. Ayrica, plastik
sertlestirme modiilii degeri 0.001 MPa olarak girilmistir. Buna ilaveten; daha dnce literatiirdeki bircok
yazar tarafindan onerildigi gibi, kus modeli icin 950 kg/m” 3 yogunluk degeri kullanilmistir. [13]. Tablo
1’de elastik-plastik hidrodinamik kus malzemesinin 6zellikleri verilmistir.

Tablo 1. Elastik-Plastik hidrodinamik malzeme 6zellikleri (Elastic-Plastic hydrodynamic material properties)

Yogunluk Akma Gerilmesi Kesme Modiilii Plastik Sertlestirme Modiilii
(ton/mm?) (MPa) (MPa) (MPa)
950x 10°12 2000 0.02 0.001

Diger yandan kus malzemesinin davranisini belirlemek icin ise EOS_LINEAR_POLYNOMIAL durum
denklemi kullanilmistir. P basincini tanimlayan EOS polinomu, kusun ve cevresindeki havanin
modellenmesinde kullanilmaktadir. Kus modeli icin bu EOS polinomu; hidrodinamik, izotropik ve
viskoz olmayan bir kurucu yasaya karsilik gelmektedir [14].

Kus carpmalari i¢in en yaygin kullanilan durum denklemi, asagidaki gibi tanimlanan ii¢lincii dereceden
bir polinomdur [12]:

P=Co+ Cu+ Cu* + G (1)
p

=2 _1 2

" Po ( )

Burada, p ¢arpma sirasindaki yogunluktaki degisimi temsil eder.

Polinomun katsayilari; baslangic yogunlugu p,'ya, sudaki ses hizina (c,) ve deneysel bir sabit olan k'ya
dayanan bir dizi formdille ifade edilir. Formiiller sunlardir [13]:

C,=0, baslangi¢ denge basinci (ihmal edilir.)

Ci = poco? (3)
C, = (R2k—-1)C,

C;=(k-1)Bk-1)

Bu tezde kullanilacak olan lineer polinomsal durum denklemi katsayr degerleri Tablo 2’de
gosterilmistir. Bu degerler, gecmis yillardaki literatiir calismalarindan deneysel olarak elde edilmigtir.
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Tablo 2. Lineer polinomsal durum denklemi katsay1 degerleri
(Linear polynomial equation of state coefficient values)

G ¢, C;
2060 6190 10030

Kus govdesi, yarim kiire uglu bir silindir olarak modellenmistir ve FAA kriterlerine gore kusun kiitlesi
1,8 kg olarak belirlenmistir.

Toplam uzunlugu, ¢apinin 2 kat1 kadar olan yarim kiire uclu silindirik bir model dnerilmistir. Yarim
kiire uclu silindir géz oniine alinarak ve geometrik iliskiler kullanilarak kusun capi asagidaki
bagintidan hesaplanabilmektedir [9,14]:

(4)

Burada,

D: Yarim kiire uclu silindirik kus modelinin ¢apini,
m: Kusun kiitlesini,

p : Kusun yogunlugunu ifade etmektedir.

Buradan; D = 0.1134 m = 113.4 mm elde edilir.

Esitlik (4)’te yazan degiskenler yerine konularak hesaplanan ¢ap degerine gore elde edilen yarim kiire
uclu silindirik kus modeli Sekil 2’de verilmistir:

113.4 mm

—>
226.8 mm

Sekil 2. Yarim kiire uglu silindirik kus modeli (Hemispherical end cylindrical bird model)

Yarim kiire uglu silindirik kus modelinin 3 boyutlu modellemesi CATIA V5 programinda yapilmistir.
Daha sonra bu kus modeli, sonlu elemanlar ¢éziim aginin olusturulmasi i¢in LS-DYNA programina
aktarilmistir. Burada kus modelinin SPH (Diizgiin Parcacik Hidrodinamigi) yontemi ile sonlu elemanlar
¢6ziim ag1 olusturulmustur. Sekil 3’te SPH yontemi ile elde edilen kus modeli gosterilmistir.

Sekil 3. SPH kus modeli (SPH bird model)

2.2. Kanat hiicum kenari yaplsl (Wing leading edge structure)

Sekil 4.’te goriildiigii iizere, ucak kanadinin gévdeye yakin kismindan bir kanat hiicum kenar kesiti
alinmistir.
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Sekil 4. Kus ¢carpmasi analizlerinin yapilacagi kanat hiicum kenari bolgesi (Wing leading edge where bird strike analysis will be made)

Biitiin bunlar géz 6nilinde bulunduruldugunda, analizlerde kok veterden 1500 mm mesafe uzaklikta,
2000 mm genisliginde ve 500 mm derinliginde bir kanat hiicum kenar1 kesiti alinmistir (Sekil 5).

Kus ¢arpmasi esnasinda kanat i¢inde yer alan yakit tankinin hasar goérmesi halinde, yakit sizintisi
olacak ve yangin riski dogacaktir. Kus ¢carpmasina karsin, kanadin tasarim kriteri yakit tankinin hasar
gormemesi olarak belirlenmistir. Bu nedenle yapilacak olan analizlerde yakit tankinin hemen 6niinde
yer alan 6n Kiris (front spar web) iizerinde olusabilecek hasar ve deformasyonlar dikkate alinmistir

[15].

>

Sekil 5. Kanat hiicum kenar1 yapisi ve 6n kiris modeli (Wing leading edge structure and front spar model)

Yapilacak olan analizlerde sinir kosulu olarak, kanat hiicum kenarinin ugak gévdesine bakan kisminin
yer degistirme ve donme hareketleri her yonde kisitlanmistir (Sekil 6).

Sekil 6. Sinir kosulunun uygulanmasi (Application of the boundary condition)

Bu ¢alismada yapilacak olan biitiin analizler i¢in; kabuk elemaninin et kalinligi 9 mm, 6n kirisin et
kalinlig1 ise 2,5 mm olarak belirlenmistir. Kabugun et kalinlig1 belirlenirken Airbus A-320 yolcu ucagi
kanadinin et kalinhig1 olgiisii dikkate alinmistir. Ayrica 6n Kkiris elemaninin malzemesi, biitiin
analizlerde AA 2024-T3 olarak belirlenmistir. Kabuk elemaninin malzemesi ise analizden analize
cesitlilik gostermistir. Kabuk elemaninin malzemesinin ne olacagi ilerleyen boliimlerde her analiz i¢in
belirtilmistir.

Buna ek olarak, FAA kriterleri dikkate alinarak kusun ¢arpma hizi Airbus A-320 yolcu ucaginin seyir
hiz1 olan 265 m/s olarak secilmistir.

2.3. Aliminyum alasimdan yapilan kabuk elemanina kus carpmasi (Bird strike on shell element made
from AA 2024-T3)

Alliiminyum alasimlari; yiiksek sertligi, mukavemeti ve hafif olmasindan dolay1 savunma sanayji,
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havacilik sanayi ve otomotiv endiistrisinde yaygin olarak kullanilmaktadir. Ozellikle yiiksek gerilim
altinda olan ugak kanat ve gévde yapilarinda kullanilirlar [16].

Bu boliimde hiicum kenarinin kabuk yapisini ve 6n kirisi modellemede kullanilacak olan malzeme
cesidi AA 2024-T3'tiir. AA 2024-T3’lin akma mukavemeti 345 MPa ve maksimum ¢ekme mukavemeti
483 MPa’dir. Ayrica, AA 2024-T3 malzemesi 0.33’liik bir Poisson oranina sahiptir.

AA 2024-T3 malzeme icin yogunluk, elastisite modiilii ve poisson orani degerleri Piecewise Linear
Plasticity malzeme kartina tanimlanmistir. Bu degerler Tablo 3’te gosterilmistir.

Tablo 3. AA 2024-T3 malzemenin mekanik 6zellikleri (Mechanical properties of AA 2024-T3 material)

Yogunluk Elastisite Modiilii (GPa) Poisson Orani
(kg/m?)
2770 73.1 0.33

Gerinim hiz etkisini hesaba katmak i¢in, Cowper-Symonds denklemi modele dahil edilmistir:

[

p=1+ () (5)

Burada;

C ve p: Cowper-Symonds parametlerini,

€": Gerinim hizini,

[: Dinamik akma gerilmesinin statik akma gerilmesine oranini ifade etmektedir.

AA 2024-T3 i¢in Cowper-Symonds parametreleri olan C=6500 s”(-1) ve p=5 yine ayn1 malzeme kartina
tanimlanmistir [2]. Daha sonra DEFINE_CURVE meniisiinden malzemeye ait gerilme-gerinim grafigi
olusturulmustur. Olusturulan bu grafik (Sekil 7), malzeme kartina LCSS sekmesi araciligi ile girilmistir.

600 Gerinim (mm/mm) |Gerilme (MPa)

0 0

500 _ R 0,00407 300
0,00423 320

T 400 0,00454 340
=3 0,00526 365
g 3® 0,00856 380
Tl:) 0,0144 390
O 200 0,0254 410
100 0,0385 430
0,0554 450

0 0,0841 470

0 0,02 0,04 0,06 0,08 01 0,12 0,14 0,16 0,1512 484

Gerinim (mm/mm)

Sekil 7. AA 2024-T3 gerilme-gerinim grafigi (AA 2024-T3 stress-strain graph) [6]
2.4. Kompozitten yapilan kabuk elemanina kus carpmasi (Bird Strike on Shell Element Made of Composite)

Kompozit malzemeler, belirli yapisal 6zellikleri elde etmek i¢in birlikte karistirilan malzemelerin bir
kombinasyonundan olusur. Kompoziti meydana getiren malzemeler kompozitin icinde tek basina
tamamen ¢oziilmez veya birlesmez, ancak bir biitiin olarak birlikte hareket ederler. Kompozit
malzemenin 6zellikleri, yapildig1 malzemelerin 6zelliklerinden daha istiindiir. Kompozit malzemeler
havacilik yapilarinin tiretiminde giderek daha 6nemli hale gelmektedir. Yeni nesil biiyiik ucaklarin tiim
govde ve kanat yapilar1 kompozit malzemeler ile tasarlanmaktadir. Kompozit malzemelerin baslica
avantajlar1 yiiksek mukavemetleri, nispeten diisiik agirliklari ve korozyon direncidir [17].

Fiber, kompozit malzemenin birincil yiik tasima elemanidir. Kompozit malzeme sadece fiber yoniinde
giiclii ve serttir. Bir matris fiberleri destekler ve bunlar1 kompozit malzemede birbirine baglar. Matris,
uygulanan tiim yiikleri fiberlere aktarir, fiberleri konumlarinda ve segilen oryantasyonda tutar,
kompozite ¢evre direncini verir ve bir kompozitin maksimum servis sicakligini belirler [17]
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Bu calisma i¢in secilen kompozit malzeme karbon fiber malzemesidir. Karbon fiberler cok sert ve
giicliidiir, cam fiberlerden 3 ila 10 kat daha serttir. Karbon fiber; kirisler, dengeleyiciler, ugus
kontrolleri, birincil gévde ve kanat yapisi gibi yapisal ucak uygulamalari i¢in kullanilir. Avantajlari
arasinda yiiksek mukavemeti ve korozyon direnci bulunur.

Kabuk elemanina kompozit malzeme ozelliklerini girebilmek icin
MAT_ENHANCE_COMPOSITE_DAMAGE (MAT_54) malzeme karti kullanilmistir. MAT_54 malzeme
kartinda, Chang-Chang kriterleri tarafindan tanimlanan dort kriterden biri karsilanir karsilanmaz
hasar meydana gelmektedir. Chang-Chang hasar kriteri hesaplamalari su sekildedir [18]:

(1) Fiber Yoniindeki Cekme Hasar,

2 _ Uaaz
Opp >0 > e —(;) +

(6)

(@) {efz > 1 - hasar var
Sc ’

e;> <1 - hasar yok
Hasardan sonra yirtilma varsa; E; = E, = Gy = Vg, =0
(2) Fiber Yoniindeki Bas1 Hasarl,

e.2 = 1—> hasar var
e.2 <1 - hasar yok

()

2 ‘Ta.az
opp <0 —> e, =(X_c) ,

Hasardan sonra yirtilma varsa; E;, = v,, = v,, =0
(3) Matris Yoniindeki Cekme Hasars,

(@)2 {emz > 1 - hasar var
)

2
Opa <0 - ep? = (@) +
aa m Sc em? <1 - hasar yok

Yr

(8)

Hasardan sonra yirtilma varsa; E, = Gy, = v, = 0

(4) Matris Yoniindeki Bas1 Hasari,

2 2 2 (e,2 =1 - hasar var
2 _ (9bb Ye\® _q|ewe o (car)” {€a = S
a” = (2sc) + [(Sc) 1] ve t (Sc) '{edz <1 - hasar yok ®

Hasardan sonra yirtilma varsa; E, = Gy = v, =0

Denklemlerde; e, e, e, ve e, zaman degiskenleri olarak adlandirilir ve bunlar sirasiyla fiber yonii i¢in
gerilim ve basi ile matris yonii i¢in gerilim ve basiy1 temsil eden hasar indeksleridir. X fiber yoniindeki
cekme mukavemetidir, X, fiber yoniindeki basi mukavemetidir, ¥; matris yoniindeki ¢cekme
mukavemetidir, Y, matris yoniindeki basi mukavemetidir ve S; tek yonlii kompozit katin kayma
mukavemetidir. Elastik bolgede a-yonii fiber (eksenel), b-yonii matris (enine) ve ab-yonii kayma igin
olmak tizere; o,,, 0,, Ve g, malzemenin gerilme davranislarini ifade eder. E,, E, Ggp, Vap V€ Vpy
degerleri ise yine ayni yonlerdeki elastisite modiilii, kayma modiilii ve Poisson oranlarini ifade eder. Ek
olarak, Esitlik 6’daki 3 degeri, kayma gerilmesi yiik faktoridiir ve kullanicinin fiber yoniindeki cekme
modunda kayma etkisini acikca tanimlamasina olanak saglar [18].

2.4.1 Yar izotropik fiber dizilimi (Quasi-isotropic fibre sequence)

Yari-izotropik bir tabakanin katmanlari 0°, -45°, 45° ve 90° dizilerinde veya 0°, -60° ve 60° dizilerinde
istiflenir. Bu tiir kat yonelimi, izotropik bir malzemenin 6zelliklerini simiile eder. Bir¢ok havacilik
kompozit yapisi yar1 izotropik malzemelerden yapilmaktadir [17].

Bu boliimde kompozit tabakanin katmanlari 0°, 45°, 90° ve -45° dizilerinde istiflenmistir ve 20 kat
atilmistir. Sekil 8’de kompozit kabuk elemaninin yari izotropik érnek fiber dizilimi gosterilmistir.
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Sekil 8. Kabuk elemaninin yar1 izotropik fiber dizilimi (Quasi-isotropic fiber sequencing of shell element) [17]
2.4.2 Capraz fiber dizilimi (Cross-ply fibre sequence)

Capraz kath bir laminat, her biri 0° veya 90°'lik bir elyaf yonelimine sahip ve istege bagl sayida kat
icerir. Bu katlar simetrik veya antisimetrik olabilir [19].

Toplamda 20 kat atilmistir ve Sekil 9°da kompozit kabuk elemaninin ¢apraz kat érnek fiber dizilimi
gosterilmistir. Analiz sonuglari su sekildedir:

00
90°
90°

00

00
90°
90°

00

Sekil 9. Kompozit kabuk elemaninin ¢apraz fiber dizilimi (Cross-ply fibre sequencing of composite shell element)

2.5. Giiclendirici malzemelerin kus carpmasina etkisi (The effect of using reinforcing materials on bird strike)

2.5.1 Genlestirilmis polistiren kopiik (EPS foam)

Genlesmis Polistiren (EPS) sikistirilabilir kopilik; ambalaj, yapisal dolgu malzemeleri, jeo kopiik
tirtinleri, kisisel koruyucu ekipmanlari ve kask gomlekleri dahil olmak {izere enerji emme ve 1s1 yalitim
uygulamalari i¢in yaygin olarak kullanilan hiicresel bir malzemedir. Hafifligi, diisiik maliyeti, kolay
tretilebilirligi ve en Onemlisi iyi enerji emilimi nedeniyle, ¢esitli uygulamalarda uzun siredir
miihendislik malzemesi olarak kullanilmaktadir [20].

Bu bolimde kabuk elemaninin malzemesi i¢cin AA 2024-T3 kullanilmistir. Képiikk malzemesinin
mekanik oOzelliklerini tanimlamak igin MAT_CRUSHABLE_FOAM malzeme Kkarti kullanilmistir.
Malzemenin mekanik 6zellikleri Tablo 4’te verilmistir.

Tablo 4. Genlesmis kopiik malzemesinin mekanik 6zellikleri (Mechanical proporties of EPS foam material) [21]

Parametreler Kopiik
Yogunluk, p (ton/mm3) 12.5
Elastisite Modiilii, E (GPa) 0.022
Poisson Orani, v 0
Sonlandirma Cekme Gerilimi, o , (GPa) 0.1
Soniimleme Katsayisi, { 0.5

Ayrica malzemenin gerilme-gerinim davranislari da yine ayni malzeme kartina tamimlanmistir. Képiik
malzemesi i¢in gerilme-gerinim grafigi Sekil 10’da verilmistir. Grafikteki kirmizi renkli noktalar
literatiirden elde edilen sonuglari, mavi renkli grafik ise Topa [21]'nin makalesindeki deneysel sonucu

gostermektedir.

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2022 Gazi Akademik Yayincilik

555



Saribas & Karadeniz Gazi Muhendislik Bilimleri Dergisi: 8(3), 2022

0.6

0.5

0.4 4

0.3

0.2

Gerilme (MPa)

0.1 n®

0 . - - v v v T -
0 01 02 03 04 05 06 07 08 09
Gerinim (mm/mm)

Sekil 10. Kopiik malzemesinin gerilme-gerinim grafigi (Stress-strain graph of foam material) [21].

2.5.2 Balpetegi (Honeycomb)

Bal petegi yapisi hiicresel bir katidir. Bir hiicresel kati, alan1 doldurmak i¢in bir araya getirilmis kati
kenarlar1 veya yiizleri olan hiicrelerden olusur [22]. Bu calisma aliiminyum metalik peteklere
odaklanmaktadir. Aliiminyum petekler; havacilik, ucak, otomotiv ve deniz miihendisligi gibi cesitli
miihendislik alanlarinda dolgu malzemesi olarak degerlendirilmesinin yaninda endiistriyel iiriinler
olarak da kullanilabilir [23].

Petek malzeme yonleri L-yonii (serit yonii), W-yonii (serite dik yon) ve T-yonii (kalinlik yonii) olarak
tanimlanir. Sekil 11’de bal petegi malzemesinin yonleri gosterilmistir. Ayrica, bu bdliimde kabuk
malzemesi olarak AA 2024-T3 kullanilmistir.

Sekil 11. Bal petegi malzemesinin yonleri (Honeycomb material’s directions) [24]

Balpetegi malzemesini tanimlamak i¢cin LS-DYNA’da bulunan MAT_MODIFIED_HONEYCOMB malzeme
modeli kullanilmistir. Tablo 5’te balpetegi malzemesinin mekanik 6zellikleri verilmistir.

Tablo 5. Balpetegi malzemesinin mekanik 6zellikleri (Mechanical properties of honeycomb material) [22]

Parametreler Balpetegi
Yogunluk, p (ton/mm?3) 82.6 x 10712
Bas1 Uygulanmis Petek Malzemesinin Elastik Modiili, E (GPa) 68.95
Poisson Orani, v 0
Tamamen Basi Uygulanmig Petek i¢in Akma Gerilimi, ,,(MPa) 160
Tamamen Basi Uygulanmig Petegin Bagil Hacmi, V¢ 0.20
Malzeme viskozite katsayisi, u 0.05
Basi uygulanmamis petek i¢in T yoniindeki elastisite modiili, E 44y (MPa) 1020
Basi uygulanmamis petek icin W yoniindeki elastisite modiildi, Eggy (MPa) 340
Basi uygulanmamis petek i¢in L yoniindeki elastisite modiill, Eqcy (MPa) 340
Basi uygulanmamis petek i¢cin T-W yoniindeki kesme modiili, G 45y (MPa) 434
Basi uygulanmamis petek icin W-L yoniindeki kesme modiill, Ggey (MPa) 214
Basi uygulanmamis petek i¢in L-T yoniindeki kesme modiili, Gy (MPa) 434

Daha sonra malzeme modelinde deneysel olarak belirlenen gerilme-gerinim egrileri malzeme kartina
ayr1 ayr1 tanimlanmistir. T, W ve L yonlerinde olmak iizere basi testinden elde edilen 3 adet gerilme-
gerinim egrisi bulunmaktadir. Buna ek olarak; T-W, W-L ve L-T ydnlerinde olmak lizere kayma
testinden elde edilen 3 adet daha gerilme-gerinim egrisi yer almaktadir. Bu egrilerin basi
uygulanmamis petek i¢in oldugu kabul edilir [22]. Sekil 12 ve Sekil 13’de bu gerilme-gerinim egrileri
gosterilmistir.
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Gerilme (MPa)
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0 0.2 04 06 0.8
Gerinim (mm/mm)

Sekil 12. Bal Peteginin T yoniindeki Basma Testi Gerilme-Gerinim Egrisi
(Compression Test Stress-Strain Curve of Honeycomb in T-direction) [22]

06
e Bal Peteginin W yonindeki Basi Testi

Gerilme-Gerinim Egrisi

~—a—Bal Peteginin L yonundeki Basi Testi
Gerilme-Gerinim Egrisi

—e—Bal Peteginin T-W yonindeki Kayma Testi
Gerilme-Gerinim Erisi
Bal Peteginin W-L yonandeki Kayma Testi
Gerllme-Gerinim Egrisi

—e—Bal Petefiinin L-T yonindeki Kayma Testi
Gerilme-Gerinim Egrisi

Gerilme (MPa)
e

0.1

1 12 14 16 18

0 02 04 06 08
Gerinim (mm/mm)

Sekil 13. Bal Peteginin W ve L yoniindeki basma testi ile T-W, W-L ve L-T yoniindeki kayma testi gerilme-gerinim egriler
(Compression test stress-strain curve of honeycomb in W and L direction and shear test stress-strain curve of honeycomb in T-W, W-L, and L-T
directions) [22]

3. Sonuclar ve Tartisma (results and Discussion)

3.1. Aliminyum alasimdan yapilan kabuk elemanina kus ¢arpmasi (Bird strike on shell element made from AA
2024-T3)

Analiz sonucunda kanat hiicum kenarinin kabuk yapisinda olusan maksimum Von Misses gerilmesi
784.67 MPa’dir. Kus carpmasinin olustugu kabuk bolgesindeki gerilme dagilimi Sekil 14’te verilmistir.
AA 2024-T3 malzemesinin maksimum ¢ekme mukavemetinin 483 MPa oldugu diisiiniildiiglinde, kusun
kabuk yapisinin igine etki ettigini ve bunun sonucunda kabuk yapisinin yirtildigini séylemek
mimkind{ir.

Maksimum Etkin Gerilme (MPa)
784.67

Sekil 14. Kabuk elemaninin etkin gerilme dagilimlari (Effective stress distributions of shell element)

Sekil 15’te 6n kiriste olusan gerilme durumu gosterilmistir. On kiris icin maksimum Von Misses
gerilmesi degeri 506.02 MPa (t = 2.9 ms)’dir. Maksimum gerilme, Kirisin sol alt kenarinda meydana
gelmistir. On kiristeki gerilme, AA 20024-T3 malzemesinin maksimum ¢ekme mukavemeti degeri olan
483 MPa’y1 ge¢mistir. Bunun sonucunda 6n Kirisin 6zellikle alt ve iist kenarlarinin kalici sekil
degisikliklerine ugradigini ve yirtildigini séylemek miimkiindiir. Kirisin bitiinligi korunamamis,

dolayisiyla tasarim kriteri saglanmamistir.
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Maksimum Etkin Gerilme (MPa)
506.02_
456.92 _I
407.83_|
358.73 _
309.63_
260.53 _l
211.44_
162.34_

113.24 _
64.14
15.04

Sekil 15. On kiris icin etkin gerilme dagilimlari (Effective stress distributions for front spar)

Etkin plastik gerinim degeri malzemenin plastik bolgedeki deformasyon oranini ifade etmektedir.
Malzemenin esneme miktari arttikga, etkin plastik gerinim de artis gosterir. Sekil 16 incelendiginde 6n
kiris icin maksimum etkin plastik gerinim degerinin 0.01023 (%1.023) oldugu goriilmektedir.

Etkin Plastik Gerinim
0.01023 _
0.00921 _|
0.00818 _
0.00716 _
0.00614 _
0.00512 _
0.00409 _
0.00307 _

0.00205 __
’ 0.00102
0.00000 _|

Sekil 16. On kiris icin etkin plastik gerinim dagilimi (Effective plastic strain distribution for front spar)

Son olarak, 6n kirisin maksimum yer degistirme miktar1 34.95 mm olarak hesaplanmistir. Yer
degistirme miktar1 kabugun sag kenarinin orta noktasinda artis géstermistir (Sekil 17).

Yer Degistirme (mm)
34.95
31.45:'
27.96 _|
2447 _
20.97 _
17.48 _I
13.98 _|
10.49 _
6.99

3.50
0.00_|

Sekil 17. On kiris icin yer degistirme dagilimi (Displacement distribution for front spar)

3.2. Kompozitten yapilan kabuk elemanina kus carpmasi (ird strike on the composite shell element)

3.2.1. Yar1 izotropik fiber dizilimi (Quasi-isotropic fibre sequence)

Analiz sonucunda elde edilen bulgular su sekildedir:

Kabuk elemani icin yapilan analiz sonuclarina bakildiginda her 4 hasar kriteri (Fiber Yoniindeki Cekme
Hasari, Fiber Yoniindeki Bas1 Hasari, Matris Yoniindeki Cekme Hasari, Matris Yoniindeki Bas1 Hasar1)
icin de maksimum hasar indeksi degerinin 1’e ulastig1 goriilmektedir (Sekil 18). Bu da bize kabugun
kusun carpma bdlgesinden yirtildigini veya kopmaya ugradigini kesin olarak gostermektedir. Ayrica
Sekil 18’den yola ¢ikarak kopma bolgesinin yiizey alanini kabugun yiizey alanina oranladigimizda,
kopmanin kiigtik bir alanda gerceklestigini soylemek miimkiindiir.

On Kkiris icin maksimum Von Misses gerilmesi degeri 535.67 MPa (t = 3.5 ms)’dir. Bu deger, kabuk
elemani AA 2024-T3 malzemeyle yapilan bir 6nceki analize gore biraz daha yliksek bir degerdir. Bu da
bize yar1 izotropik dizilime sahip kompozit kabuk elemaninin AA 2024-T3 malzemeyle yapilan kabuk
elemanindan daha dayaniksiz oldugunu géstermektedir. Bir 6nceki analizde oldugu gibi, 6n kiristeki
gerilme AA 20024-T3 malzemesinin maksimum ¢ekme mukavemeti degeri olan 483 MPa'y1 ge¢mistir.
Maksimum gerilme, kirisin sag alt kenarinda meydana gelmistir. Sekil 19’a bakildiginda 6n kirisin
ozellikle sag alt ve iist kenarlarinin kalici sekil degisikliklerine ugradigi ve yirtildigi soylenebilir.
Dolayisiyla kirisin biitiinliigii korunamamis ve tasarim Kriteri saglanmamistir.
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Fiber Yoniindeki Cekme Hasan
1.00 _
0.90 _I
0.80 _|
0.70 _
0.60 _
0.50_|
0.40 I
0.30
0.20
0.10
0.00 _|

"

Fiber Yoniindeki Basi Hasan
1.00 _

Matris Yoniindeki Cekme Hasan
1.00

Matris Yéniindeki Basi Hasan
1.00
0.90 _|

Sekil 18. Kabuk elemani i¢in etkin hasar indeksleri dagilimi (Effective damage index distribution for shell element)

Maksimum Etkin Gerilme (MPa)

Sekil 19. On kiris icin etkin gerilme dagilimlar: (Effective stress distributions for front spar)

Sekil 20 incelendiginde maksimum etkin plastik gerinim degerinin 0.00843 (%0.843) oldugu
goriilmektedir. Bu deger, kabuk elemani AA 2024-T3 malzemeden yapilan 6n Kiris icin elde edilen etkin
plastik gerinim degerinden daha diisiiktiir. Yani yar1 izotropik dizilime sahip kompozitten yapilan
kabuk elemani, AA 2024-T3’ten yapilan kabuk elemanina gore 6n kirisi daha fazla korumustur, fakat
hasari engelleyememistir.

Etkin Plastik Gerinim
0.00843 _
0.00759 _I
0.00675 _
0.00590 _
0.00506 _
0.00422 _ ‘
0.00337 _

0.00253 _
0.00169 _

, 0.00084
0.00000 _|

Sekil 20. On kiris icin etkin plastik gerinim dagilimi (Effective plastic strain distribution for front spar)
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Sekil 21’de 6n kirisin maksimum yer degistirmesinin 24.83 mm oldugu goriilmektedir. Bu deger,
kabuk elemani AA 2024-T3 malzemeden yapilan 6n Kkiris icin elde edilen yer degistirme degerinden
yaklasik 10 mm daha diistiktiir. Bir 6nceki plastik gerinim sonucuna benzer sekilde, yar1 izotropik
dizilime sahip kompozitten yapilan kabuk elemani 6n kirisi AA 2024-T3’ten yapilan kabuk
elemanindan daha fazla korumustur, fakat 6n kirisin hasar almasini engelleyememistir. Yer degistirme
miktar1 kabugun sag kenarinin orta noktasinda artis géstermistir.

Yer Degistirme (mm)
2483 _
2235 _I
19.87 _
17.38 _
( 14.90 _
12.42
9.93 _I
745_
497 _

248
0.00 _|

Sekil 21. On kiris icin yer degistirme dagilimi1 (Displacement distribution for front spar)

3.2.2. Capraz fiber dizilimi (Cross-ply fibre sequence)

Yar1 izotropik fiber dizilimine sahip kompozit kabuk elemaninin analiz sonuclarina benzer sekilde her
4 hasar kriteri icin de maksimum hasar indeksi degerinin 1’e ulastigi goriilmektedir. Bu da bize
kabugun kusun ¢arpma bélgesinden kesin olarak yirtildigini veya kopmaya ugradigini gostermektedir.
Ayrica Sekil 22 incelendiginde kopma bolgesinin yiizey alani, yar1 izotropik fiber dizilimine sahip
kompozit kabuk elemaninin analizi sonucunda olusan kopma bdlgesinin yiizey alanindan daha
biiyiiktiir. Bu sonug capraz fiber dizilime sahip kabuk elemaninin, yar1 izotoropik fiber dizilime sahip
kabuk elemanina gore daha fazla hasar aldigin1 gostermektedir.

On kiris icin maksimum Von Misses gerilmesi degeri 450.89 MPa (t = 3 ms)’dir. Bu deger, kabuk
elemanlar1 AA 2024-T3 malzemeden yapilan ve yari izotropik fiber dizilimine sahip kompozitten
yapilan hiicum kenarlari icin elde edilen gerilmelerden daha diisiiktiir. Yani ¢capraz fiber dizilime sahip
kabuk elemany, diger iki malzemeden yapilan kabuk elemanlarina gore 6n kirise daha fazla dayaniklilik
saglamistir. On kiristeki gerilme, aliiminyum alasim malzemesinin akma mukavemeti degeri olan 345
MPa’'nin istiindedir, fakat maksimum ¢ekme mukavemeti degeri olan 483 MPa’'nin altindadir.
Maksimum gerilme, Kirisin alt kenarinda meydana gelmistir. On kirisin 6zellikle alt kenarinin ortasinda
kaliar sekil degisiklikleri oldugu sdylenebilir (Sekil 23). Ancak Kkirisin biitiinliigii korunmus, boéylece
tasarim kriteri saglanmistir.

Sekil 24 incelendiginde maksimum etkin gerinimin 0.00374 (%0.374) oldugu goriilmektedir. Bu deger,
kabuk elemanlar1 AA 2024-T3 malzemeden yapilan ve yari izotropik fiber dizilimine sahip kompozitten
yapilan 6n Kirisler icin elde edilen etkin plastik gerinim degerlerinden daha diisiiktiir. Bir 6nceki
sonuca benzer sekilde ¢apraz fiber dizilime sahip kabuk elemaninin 6n kirise daha fazla mukavemet
sagladig goriilmektedir.

On Kkirisin maksimum yer degistirmesi 22.22 mm olarak hesaplanmistir. Bu deger kabuk eleman1 AA
2024-T3 malzemeden yapilan 6n kirisin yer degistirme degerinden yaklasik 12 mm daha diisiiktiir ve
kabuk elemani yar1 izotropik fiber dizilimine sahip kompozitten yapilan 6n kirisin yer degistirme
degerinden yaklasik 2.5 mm daha diisiiktiir. Onceki 2 analize benzer sekilde, yer degistirme miktar:
kirisin sag kenarinin orta noktasinda artis gostermistir (Sekil 25). Buradan ¢ikarilacak sonug 6n kirisin
biitlinliigiiniin korunmasi icin kabukta secgilecek en uygun malzemenin ¢apraz fiber dizilime sahip
kompozit eleman oldugudur.
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Fiber Yoniindeki Cekme Hasar
1.00 _

Matris Yoniindeki Basi Hasan
1.00
0.90 _|
0.80 _|
0.70 _
0.60 _
0.50 _
0.40 _I
0.30 _
0.20 _
0.10
0.00 _|

Sekil 22. Kabuk elemant i¢in etkin hasar indeksleri dagilimi (Effective damage index distribution for shell element)

Maksimum Etkin Gerilme (MPa)
450.89 _
408.28 _I
365.68 _
323.07 _
280.46 _
237.86 _|
195.25 _I
152.65 _
110.04 _|
67.43
2483 _|

Sekil 23. On kiris icin etkin gerilme dagilimlar: (Effective stress distributions for front spar)

Etkin Plastik Gerinim
0.00374
0.00337 :I
0.00299 _
0.00262 _
0.00225 _
0.00187 _
0.00150 _
0.00112 _
0.00075
0.00037
0.00000 _}

Sekil 24. On Kiris icin Etkin Plastik Gerinim Dagilimi (Effective Plastic Strain Distribution for Front Spar)
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2222 _
20.00 _I
15.55 _

( 13.33_
141 _

8.89 _I

444 _I

222 _I
0.00_|

Yer Degistirme (mm)
1778
667
Sekil 25. On kiris icin yer degistirme dagilimi (Displacement distribution for front spar)

3.3 Giiglendirici malzemelerin kus ¢arpmasina etkisi (The effect of reinforce materials on bird strike)
3.3.1 Genlestirilmis Polistiren Koptik (EPS foam)

Kanat hiicum kenarinin kabuk yapisinda olusan maksimum Von Misses gerilmesi 733.20 MPa'dir. AA
2024-T3 malzemesinin maksimum ¢cekme mukavemetinin 483 MPa oldugu diisiiniildiigiinde, kusun
kabuk yapisinin icine etki ettigini ve bunun sonucunda kabuk yapisinin yirtildigini séylemek
mimkiindiir (Sekil 26).

Maksimum Etkin Gerilme (MPa)
733.20
660.01 _|
586.81 _
513.61_
44042 _
367.22
294.02 _I
22083 _

147.63
7443
124 |

Sekil 26. Kabuk elemaninin etkin gerilme dagilimlari (Effective stress distributions of shell element)

On Kkiris icin maksimum Von Misses gerilmesi degeri 275.64 MPa (t = 3.9 ms)’dir. Bu deger, kabuk
elemanlar1 AA 2024-T3’ten ve kompozitlerden yapilan 6n Kkirislerin maksimum etkin gerilme
degerlerinden cok daha diisiiktiir. Buradan cikarilacak sonug, kopiigiin destek elemani olarak
kullanilmasinin 6n kiriste diisiik bir gerilme olusmasina sebep oldugudur. Maksimum gerilme, kirisin
alt kenarinin ortasinda meydana gelmistir. On kiristeki gerilme, AA 2024-T3 malzemesinin akma
gerilimi degeri olan 345 MPa'nin altindadir. Bunun sonucunda 6n kirisin 6zellikle alt kenarinin
ortasinin gecici deformasyonlara ugradigi sdylenebilir (Sekil 27). Ancak kirisin geneline bakildiginda
herhangi bir kopma veya yirtilma s6z konusu degildir, bdylece tasarim kriteri saglanmistir.

Maksimum Etkin Gerilme (MPa)
275.64
248.55 I
221.46
194.37
167.28
140.20
1311 _I
86.02_|
58.93 _
31.84
4.75_|

Sekil 27. On kiris icin etkin gerilme dagilimlar: (Effective stress distributions for front spar)

Sekil 28 incelendiginde 6n kiriste etkin plastik gerinimin olusmadigi goriilmektedir. Bu sonuca bakarak
on kirisin olduk¢a makul diizeyde bir elastik deformasyona ugradigi ve dnemli bir hasar almadig:
soylenebilir.

Etkin Plastik Gerinim
0.00000 _
0.00000 _|
0.00000 _
0.00000 _
0.00000 _
0.00000 _
0.00000 _|
0.00000 _

0.00000 _
0.00000 _|
0.00000 _|

Sekil 28. On kiris icin etkin plastik gerinim dagilimi (Effective plastic strain distribution for front spar)
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On kirisin maksimum yer degistirme miktar1 4.80 mm olarak hesaplanmistir. Bu deger, kabuk elemani
AA 2024-T3’ten ve kompozitlerden yapilan hiicum kenarlarinin yer degistirme degerlerinden ¢ok daha
diistiktiir. Sonucg olarak destek malzemesi olarak kullanilan képiik; 6n kiristeki gerilme, plastk gerinim
ve yer degistirme miktarlarinda ciddi azalmalara sebep olmus ve 6n kirisi hasar almaktan korumustur.
Onceki analizlerden farkli olarak, yer degistirme miktar1 kirisin alt bélgesinin ortasinda artis
gostermistir (Sekil 29).

Yer Degistirme (mm)
480 _
4.32 _I
3.84 _|
3.36 _
2.88 _
240
1.92 _I
1.44 _
0.96 _

O.ABI
0.00

Sekil 29. On kiris icin yer degistirme dagilimi (Displacement distribution for front spar)

3.3.2. Balpetegi (Honeycomb)

Kanat hiicum kenarinin kabuk yapisinda olusan maksimum Von Misses gerilmesi 716.13 MPa’dir
(Sekil 30). AA 2024-T3 malzemesinin maksimum c¢ekme mukavemetinin 483 MPa oldugu
diistintildiigiinde, kusun kabuk yapisinin igine etki ettigini ve bunun sonucunda kabuk yapisinin
yirtildigi séylenebilir.

Maksimum Etkin Gerilme (MPa)
716.13
644.57 _|
573.01_f
501.45 _
429.89 _
358.33 _
286.77 _I
215.21 _

143.64

72.08 ]
0.52

Sekil 30. Kabuk elemaninin etkin gerilme dagilimlari (Effective stress distributions of shell element)

On Kkiris icin maksimum Von Misses gerilmesi degeri 277.00 MPa (t = 4 ms)’dir. Maksimum gerilme,
képiikle yapilan analize benzer sekilde kirisin alt kenarinin ortasinda meydana gelmistir (Sekil 31). On
kiristeki gerilme, AA 2024-T3 malzemesinin akma mukavemeti degeri olan 345 MPa’'nin altindadir.
Bunun sonucunda 6n kirisin kalic1 sekil degisikliklerine ugramadig1 kesin olarak séylenir. Kirisin
biitiinliigii korunmus ve boylece tasarim kosulu saglanmistir.

Sekil 32 incelendiginde, kopilik malzemesiyle yapilan analizlerdeki gibi burada da etkin plastik
gerinimin olusmadig1 goriilmektedir. Bu sonuca bakarak o6n kirisin plastik bolgede herhangi bir

deformasyona ugramadigi kesin olarak soylenir.
Maksimum Etkin Gerilme (MPa)

277.00 _
249.81 _I
222.61_
195.42 _
168.22 _
141.03
113.83 _I

86.64 _

59.45 _
32.25_'

5.06

Sekil 31. On kiris icin etkin gerilme dagilimlar1 (Effective stress distributions for front spar)

Etkin Plastik Gerinim
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000 _|

0.00000 _I
0.00000 _|

0.00000 _,

0.00000 I
0.00000 _|

Sekil 32. On kiris icin etkin plastik gerinim dagilimi (Effective plastic strain distribution for front spar)
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On Kkirisin maksimum yer degistirme miktar1 4.83 mm olarak hesaplanmistir. Bu deger kopiik
malzemesiyle yapilan analizin yer degistirme miktariyla neredeyse aynidir. Yine kopiik malzemesiyle
yapilan analizin sonuclarina benzer bir sekilde, yer degistirme miktar1 kabugun alt bélgesinin
ortasinda artis gostermistir (Sekil 33). Sonug olarak destek malzemesi olarak kullanilan bal petegi; 6n
kiristeki gerilme, plastk gerinim ve yer degistirme miktarlarinda ciddi azalmalara sebep olmus ve 6n
kirisi hasar almaktan korumustur.

Yer Degistirme (mm)
483 _
435 _I
3.87_|
3.38 _
290 _
242
193 _I
1.45_
0.97 _
0.48
0.00_|

Sekil 33. On kiris icin yer degistirme dagilimi (Displacement distribution for front spar)

Elde edilen sonuglar su sekildedir:

Kabuk elemaninin AA 2024-T3 malzemeden yapildig1 ve destek elemaninin kullanilmadigi analizlerde,
on kiris hasara ugramistir. Bu da bize AA 2024-T3 malzemesinin kabuk malzemesi olarak tek basina
kullanilamayacagini, kullanilsa bile arkasina mutlaka kopiik veya balpetegi gibi destekleyici bir
malzemenin eklenmesi gerektigini gostermektedir.

Yar1 izotropik ve g¢apraz fiber dizilimine sahip kompozitten yapilan kabuk elemanlari igin, her iki
analizde de kus modeli kabugu delip ge¢mistir. Dolayisiyla kompozit malzeme i¢in kullanilan Chang-
Chang hasar kriteri saglanamamustir. Ayrica, kusun kabukta actig1 deligin yiizey alaninin, capraz fiber
dizilimine sahip kompozit malzemede daha fazla oldugu gorilmiistir.

Kabugu yar1 izotropik fiber dizilimine sahip kompozitten yapilan 6n Kiris yirtilmaya ugramistir.
Dolayisiyla yari izotropik fiber dizilimine sahip kompozit malzemeyi kabuk malzemesi olarak
kullanmak elverissizdir.

Bununla baglantili olarak kabugu capraz fiber dizilimine sahip kompozitten yapilan 6n kirisin hasar
almadig1 goriilmiistiir. Ayrica bu analiz i¢in elde edilen maksimum etkin gerilme degeri, kabugu yar1
izotropik fiber dizilimine sahip kompozitle yapilan analizden elde edilen maksimum etkin gerilmeden
yaklasik 85 MPa daha diistktiir. Sonug olarak, capraz fiber dizilimine sahip kompozit malzemenin
kabuk yapisi i¢in kullanilabilecegi s6ylenebilir.

Bu 3 analiz i¢in etkin plastik gerinim degerleri karsilastirildiginda, kabugu AA 2024-T3’ten yapilan 6n
kirisin en yliksek degere sahip oldugu goriilmektedir. Buradan AA 2024-T3’ten yapilan kabuga sahip
on kirisin plastik bolgede en fazla deformasyona ugradigini sdyleyebiliriz. Capraz kath fiber
kompozitten yapilan kabuk icin ise etkin plastik gerinim degerinin en diisiik oldugu goriilmektedir. Bu
da bize capraz kath fiber kompozitten yapilan kabuga sahip on kirisin plastik bolgede en az
deformasyona ugradigini gostermektedir.

Bal petegi ve polistiren kopiik gibi destekleyici malzemelerin kullanilmasi 6n kiris lizerinde beklendigi
gibi olumlu bir etki yaratmistir. Her iki malzemede de etkin plastik gerinim olusmamistir. Bu da
malzemelerin elastik bodlgede kaldiklarini ve plastik bolgeye gegmediklerini gostermektedir.
Dolayisiyla her iki malzemede de 6n kirisler kesinlikle hasar almamistir.

Bununla ilgili olarak yer degistirme degerleri her iki malzeme icin de neredeyse aynidir ve 4.8 mm
civarindadir. Maksimum etkin gerilmelere bakildiginda, yine ayni durum séz konusudur ve her iki

malzeme icin degerler 275-277 MPa civarindadir. Sonuclara bakilarak; balpeteginin ve polistiren
kopiigiin 6n kiris izerinde hemen hemen ayni derecede etkili olduklar1 sdylenebilir.

Cikar Catismasi Beyani (Conflict of Interest Statement)

Yazarlar tarafindan herhangi bir ¢ikar catismasi bildirilmemistir.

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2022 Gazi Akademik Yayincilik 564



Saribas & Karadeniz Gazi Muhendislik Bilimleri Dergisi: 8(3), 2022

Kaynaklar (References)

[1] L. S. Nizampatnam, “Models and Methods for Bird Strike Load Predictions,” Ph.D. dissertation, Wichita State University,
Department of Aerospace Engineering, Kansas City, US, 2007.

[2] O. Dede, “Investigation of Effects of Bird Strike on Wing Leading Edge by Using Explicit Finite Element Method,” M.Sc.
dissertation, Department of Aerospace Engineering, Middle East Technical Univ., Ankara, Turkey, 2014.

[3] R. A. Dolbeer, M. J. Begier, P. R. Miller, J. R. Weller, and A. L. Anderson, Wildlife Strikes to Civil Aircraft in the United States,
1990-2020. Washington: U.S. Department of Transportation Federal Aviation Administration, 27 July 2021.

[4] S. Long, X. Mu, Y. Liu, H. Wang, X. Zhang, and X. Yao, “Failure Modeling of Composite Wing Leading Edge Under Bird Strike,”
Composite Structures, vol 255, pp. 1-14, 2021, doi:10.1016/j.compstruct.2020.113005

[5] M. Kahvecioglu, “Kus Carpmasina Maruz Helikopter Kanopilerinin Yapisal Davranisi,” M.Sc. dissertation, Fen Bilimleri
Enstitiisii, Istanbul Teknik Universitesi, Istanbul, Tiirkiye, 2019.

[6] S. Tan, “Bir Ugak Kanadinin Hiicum Kenarina Kus Carpmasinin Sayisal Olarak Modellenmesi ve Analizi,” M.Sc. dissertation,
Fen Bilimleri Enstitiisii, istanbul Teknik Universitesi, istanbul, Tirkiye, 2013.

[7] M. Guida, F. Marulo, M. Meo and M. Riccio, “Analysis of Bird Impact on a Composite Tailplane Leading Edge,” Applied Composite
Materials, vol. 15, pp. 241-257, 2008, d0i:10.1007 /s10443-008-9070-6

[8] M. Kim, A. Zammit, A. Siddens, J. Bayandor, “An Extensive Crashworthiness Methodology for Advanced Propulsion Systems,
Part I: Soft Impact Damage Assessment of Composite Fan Stage Assembiles”, 49th AIAA Aerospace Sciences Meeting including the
New Horizons Forum and Aerospace Exposition, Orlando, Florida, 4-7 January 2011. doi:10.1109/5.771073

[9] R. Hedayati and S. Zisei-Rad, “Effect of Bird Geometry and Orientation On Bird-Target Impact Analysis Using SPH Method,”
International Journal of Crashworthiness, vol. 17, pp. 1-15, 2012. doi:10.1080/13588265.2012.674333.

[10] J. Liu, Y. Li, X. Gao, “Bird Strike on a Flat Plate: Experiments and Numerical Simulations,” International Journal of Impact
Engineering, vol. 70, pp. 21-37, 2014. doi:10.1016/j.ijimpeng.2014.03.006

[11] S. Heimbs, W. Machunze, G. Brand and B. Schlipf, “Bird Strike Analysis for Impact-Resistant Design of Aircraft Wing Krueger
Flap,” in 2015 SIMULIA Community Conference, 2015  Berlin, Germany [Online]. Available: Researchgat,
http://www.researchgate.net. [Accessed: 10 Sept. 2022].

[12] R. Vijayakumar, K. Gulbarga and R. Ravindranath, “Bird Strike Simulation on Composite Structures,” in 41st European
Rotorcraft Forum 2015, Rotary Wing R&D Centre, Hindustan Aeronautics Limited, India [Online]. Available:
https://d1wqtxts1xzle7.cloudfront.net. [Accessed: 10 Oct. 2022].

[13] Z. Eren, S. Tataroglu, D. Balkan and Z. Mecitoglu, “Modeling of Bird Strike on a Composite Helicopter Rotor Blade,” 58th
AIAA/ASCE/AHS/ASC Structures, Structural Dynamics, and Materials Conference, Grapevine, Texas, US, 2017. doi:10.2514/6.2017-
1991

[14] S. Meguid, R. Mao and T. Ng, “FE analysis of geometry effects of an artificial bird striking an aeroengine fan blade,”
International Journal of Impact Engineering, vol. 35, no.6, pp. 487-498, 2008. d0i:10.1016/j.ijimpeng.2007.04.008

[15] T. Kiper, “Kus Carpmasinin Bir Egitim Ucagi Kanadi Uzerindeki Etkilerinin Analizi,” Yiiksek Lisans Tezi, Fen Bilimleri
Enstitiisii, Gazi Universitesi, Ankara, Tirkiye, 2015.

[16] i. Karaagag, M. O. Kabakel, and M. Y. Demirel, “The Experimental Investigation of Annealing Parameters Effects on Al2024-
T3 Materials’ Formability and Mechanical Properties,” European Journal of Technique (EJT), vol. 9, no. 2, pp. 338-346, 2019.
doi:10.36222/ejt.648167

[17] Federal Aviation Administration, Aviation Maintenance Technician Handbook: Airframe, Volume 1: FAA-H-8083-31A4,
2018th ed., Aviation Supplies and Academics, Dec. 2018.

[18] B. Wade, P. Feraboli and M. Osborne, Simulating Laminated Composites Using LS-DYNA Material Model MAT54 Part I: [0]
And [90] Ply Single-Element Investigation, Springfield, Virginia: Federal Aviation Administration, Feb. 2015.

[19] G. H. Staab, 2nd Ed., Laminar Composites. Waltham, MA: Elsevier Science, 2015.

[20] C. Ling, P. Cardiff, and M. D. Gilchrist, “Mechanical behaviour of EPS foam under combined compression-shear loading,”
Materials Today Communications, vol. 16, pp. 339-352, 2018. d0i:10.1016/j.mtcomm.2018.07.001

[21] Q. H. Shah and A. Topa, “Modeling Large Deformation and Failure of Expanded Polystyrene Crushable Foam Using LS-DYNA,”
Modelling and Simulation in Engineering, pp. 1-7, 2014. doi:10.1155/2014/292647

[22] J. Hellstrom and A. Lindblom, “Development of Simulation Model of an ODB,” M.Sc. dissertation, Department of Applied
Physics and Mechanical Engineering, Luled University of Technology, Luled, Sweden, 2007.

[23] A. A. Ashab, D. Ruan, G. Lu and A. A. Bhuiyan, “Finite Element Analysis of Aluminum Honeycombs Subjected to Dynamic
Indentation and Compression Loads,” Materials, vol. 9 no. 3 pp. 162, 2016. doi:10.3390/ma9030162

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2022 Gazi Akademik Yayincilik 565



Gazi MUhendislik Bilimleri Dergisi: 8(3), 2022

Saribas & Karadeniz

[24] S. Heimbs, P. Middendorf and M. Maier, “Honeycomb Sandwich Material Modeling for Dynamic Simulations of Aircraft
Interior Components,” in 9th International LS-DYNA Users Conference, 2006, Dearborn, USA. [Online]. Available:

https://www.ncbi.nlm.nih.gov. [Accessed: 18 Sept. 2022].

This is an open access article under the CC-BY license

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2022 Gazi Akademik Yayincilik 566



Conference Paper/Konferans Bil

AKADEMIK
YAYINCILIK

Gazi

[
glouwm OF ENGINEERING SCIENCES

GAZI

JOURNAL OF ENGINEERING SCIENCES

Keywords: Artificial Intelligence,
Gender Recognition, Cyber
Security, Voice Analysis,
Supervised Learning

? Istanbul Gelisim University,
Dept. of Computer Engineering,
34310 - Istanbul, Turkey,
Orcid: 0000-0002-1417-4461

® [stanbul Gelisim University,
Dept. of Computer Engineering,
34310 - Istanbul, Turkey,
Orcid: 000-0002-8039-2686

¢ Hacettepe University,
Graduate School of

Science and Engineering,

Dept. of Computer Engineering
06532 - Ankara, Turkey,
Orcid: 0000-0001-8529-1721

¢ Istanbul Gelisim University, Dept. of
Computer Engineering,

Istanbul, Turkey,

Orcid: 0000-0003-1511-0109

" Gazi University,
Technology Faculty,

Dept. of Electrical and
Electronic Engineering
06560 - Ankara, Tirkiye
Orcid: 0000-0001-9859-1600
e mail: enyilmaz@gazi.edu.tr

! Hacettepe University, Dept. of
Computer Engineering,

06532 - Ankara, Turkey

Orcid: 0000-0002-6044-379X

*Corresponding author:
enyilmaz@gazi.edu.tr

Anahtar Kelimeler: Yapay Zek3,
Cinsiyet Tanima, Siber Giivenlik,
Ses Analizi, Denetimli Ogrenme

Gender Detection via Voice Using Artificial
Intelligence Algorithms

Serkan Gonen 2, Mehmet Ali Bariskan?, G6k¢e Karacayilmaz¢, Birkan Alhan¢,

Ercan Nurcan Yilmaze, Harun Artunerf
Submitted: 01.09.2022 Revised: 09.12.2022 Accepted: 15.12.2022 doi:10.30855/gmbd.0705043

ABSTRACT

As aresult of the developments in science and technology, all our living spaces, from health,
education, and trade to our social life, have been moved to the digital environment. With
this process, artificial intelligence, which is the ultimate goal of creating systems that think
and act like human beings, has started to be used in all areas of our lives. This study focuses
on gender determination by using artificial intelligence algorithms on voice data. Thanks to
this determination, significant contributions will be made in various fields such as social
engineering and cyber security such as fraud, person detection, and advertising
investments. In the analysis of the study, R application, a completely open-source, for
various artificial intelligence algorithms has been used. In this way, a solution has been
provided to take the security as mentioned above measures with low cost instead of high-
cost systems and increase the sales figures in areas such as marketing. In the study,
supervised learning artificial intelligence algorithms have been examined. The artificial
intelligence analysis results of the study have shown that the gender of the person could be
determined above % 97 successful rates through the voice data.

Yapay Zeka Algoritmalar1 Kullanilarak Sesle
Cinsiyet Tespiti

0Z

Bilim ve teknolojideki gelismeler sonucunda sagliktan egitime, ticaretten sosyal hayatimiza
kadar tim yasam alanlarimiz dijital ortama tasinmistir. Bu siirecle birlikte insan gibi
diisiinen ve hareket eden sistemler olusturmak amaciyla gelistirilmis yapay zeka kavrami
da hayatimizin her alaninda kullanilmaya baslanmistir. Bu c¢alismada, yapay zeka
algoritmalari kullanilarak ses verilerinin incelenmesiyle cinsiyet belirlemeyi hedefleyen bir
algoritma gelistirilmistir. Cinsiyet tespitine yonelik olarak yapilan Bu tespit sayesinde
sosyal miihendislik gibi ¢esitli alanlarda ve dolandiricilik, kisi tespiti, reklam yatirimlari gibi
siber gilivenlik alanlarinda o6nemli katkilar saglanmasi hedeflenmistir. Uygulama
gelistirilirken, cesitli yapay zeka algoritmalari i¢in tamamen acik kaynak kodlu R yazilimi
kullanilmistir. Bu sayede yukarida bahsedilen giivenlik 6nlemlerinin yiiksek maliyetli
sistemler yerine diisiik maliyetli 6nlemler alinmasina ve pazarlama gibi alanlarda satis
rakamlarinin artirilmasina ¢6ziim aranmistir. Ayrica ¢alismada yapay zeka algoritmasi
olarak denetimli 6grenme kullanilmistir. Calismanin yapay zeka analiz sonuclari, ses
verileri araciligiyla kisinin cinsiyetinin ¢ok basarili oranlarda belirlenebildigini
goOstermistir.
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1. Introduction

Advances in science and technology have provided new solutions to the problems that existed in the
past. The solution to all kinds of problems, from the field of health to the defense industry, is provided
by technology. However, the most important factor in this process is the authentication systems, in
which individuals are verified with systems such as fingerprint, voice print, and face recognition [1].

In ecosystems where the security of digitally stored data and the reliability of comparison systems are
not given importance in authentication systems, the existence of cyber-attacks and identity theft
becomes inevitable. This situation may damage individuals and cause material and moral damage and
a loss of prestige and trust for system owners. As a result of the development of technology and the
increase in cyberattack environments, the mentioned attack situations have been experienced. As a
result, authentication systems have become the most important conceptin recent times [2]. In this area,
biometric, voice, and identity verification with a primitive question-answer method are performed [3].
Digitization of identity cards, voice signature, and authentication with an electronic signature can be
given as examples of these methods. These systems have taken security measures in many countries
and institutions using certain conditions and standards. However, considering the cost dimension of
these measures, it is seen that their installation and maintenance are difficult and costly [4].

Gender recognition is based on the determination of gender information from people's speech. In other
words, it focuses on determining the person from his voice characteristics [5]. Classification of
speaker's gender information is one of the most important problems in speech processing. The most
basic issue in determining the gender of the person is to produce stable features and to design a good
classifier [6]. There are various studies in the literature focusing on gender recognition from voice data.
Within the scope of the study, gender determination has been focused on by using the voice parameter,
which is a sub-branch of biometric data, which is one of the security analyses. In this way, it will be
possible to use the voice to detect gender with high accuracy and prevent spoofing at points where the
sound factor is at the forefront, especially in call centers and security control points. In addition to the
safety dimension, which is the first target, the gains obtained in the study will also contribute in many
different areas such as disease detection via voice [7], use of gender-oriented information in the field
of advertising, and e-commerce [8]. The gender of a customer contacting the call center for account
transactions in a bank should be confirmed at first. If the customer is a woman but the person speaking
is a man, they should be removed directly from the system without the need for identity verification.
Considering that the voice signature used in banking systems cannot work properly from time to time,
customer security will be ensured at the most basic level by at least determining the gender of the caller
by voice analysis. Infiltration and action attempts in disguise in security areas are one of the benefits
of working towards physical security. In this context, it will be possible to prevent security attacks in
many regions at a low cost. In addition, by making gender determination with sound analysis in
marketing activities, it will be possible to receive personalized advertisements, products, and
campaigns.

In recent years, with the development of artificial intelligence applications and machine learning,
studies in which voice is used in terms of banking, mobile applications, and security have also
increased. Especially as fraud detection systems use these types of detection algorithms. The study
conducted by Ertam focused on gender determination using the LSTM [9]. They used a small dataset
with ten features. On other research, Blyiikyilmaz et al, in their study, investigated gender
determination using the Multilayer Perceptron (MLP) deep learning model [10]. Li et al. in their study,
they stated that combining it with a Support Vector Machine can be successful in detection with a low
computational cost [11]. Metze et al. examined different techniques for gender classification over
phone applications. They compared the performance of the systems they designed with human
listeners [12]. Another of the first studies in this field is the work of Acero and Huang. Researchers
stated that they achieved a 30% reduction in error rate in their studies by using the Hidden Markov
Model [13].

In addition to these studies, there are also studies that make sound analyzes and disease predictions.
In this context, the discovery of tumors in the upper extremity postural and action tremor regions from
vocal tremors were discussed in the study by Suppa et al. [14]. While Schultbraucks et al. combined
sound analysis with image processing to examine post-traumatic learning [15], Robbotti et al. focused
on the detection from sound analysis of those who have recovered from Covid 19 disease and those
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who have never been ill [16]. Shimon et al. used voice analyses with questionaries’ to analyze sound
quality to detect the effects of Covid19 on human speech [17]. In another area of voice analyses, Al-
Dhief, et al. investigated the pathology of sounds using machine learning [18]. Other studies
investigated the detection of depressed people through voice analysis [19, 20]. As an important
example of sound-based detection, sound analysis has been used to detect Parkinson's disease [21,22,
23].

2. Experimental Environment (Testbed)

Within the scope of the study, open-source technologies have been used to keep the cost at a minimum
level. Within the scope of the study, the voice of the person whose gender determination has been
requested has been recorded, and then, as a result of the analysis, the target voice recording has been
divided into 22 acoustic property values. The trained artificial intelligence model has evaluated these
values, and as a result, gender determination has been made. The stages of the experimental
environment carried out in the study are depicted in Figure 1.

3. Voice Analysis

In order to make sound analysis in the study, firstly, the sound recording has been made in WAV
format. Secondly, sound analysis has been performed using the WarbleR package of the open-source R
application for artificial intelligence model design [19]. Sound-specific acoustic properties have been
extracted by using the specan function in order to measure and compare the recorded sound file. As a
result of this process, the sound has been converted into 22 acoustic features.

o

4 N
Take audio record via
microphone
5 J/

v

£ N
Extract features from
\audio record sample
>

v

(" Analyze features
using Artificial
Intelligence
algorityhms for
\gender recognition

0

-
Print gender type on
the screen with
percentage

~

/

Figure 1. Flowchart of gender analysis over voice

These acoustic properties are given below:

e  duration : length of signal
e« meanfreq : mean frequency (in kHz)
e sd : standard deviation of frequency
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¢«  median : median frequency (in kHz)

e Q25 : first quantile (in kHz)

e Q75 : third quantile (in kHz)

« IQR : interquantile range (in kHz)

e  skew : skewness

e kurt : kurtosis

e  spent : spectral entropy

e sfm : spectral flatness

e mode : mode frequency

e  centroid : frequency centroid

e  peakf : peak frequency (frequency with the highest energy)

¢« meanfun : average of fundamental frequency measured across an acoustic signal
e  minfun : minimum fundamental frequency measured across an acoustic signal
¢  maxfun : maximum fundamental frequency measured across an acoustic signal
¢ meandom : average of dominant frequency measured across an acoustic signal

¢  mindom : minimum of dominant frequency measured across an acoustic signal
¢ maxdom : maximum of dominant frequency measured across an acoustic signal
e  dfrange : range of dominant frequency measured across an acoustic signal

¢ modindx : modulation index

The sound file allocated to the features mentioned above has been instantly read, and gender
determination has been carried out through the pre-trained artificial intelligence algorithm on the
defining features of the voice.

There are 20 features of this data. The attributes of this dataset are listed in Figure 2. Also has the
weight value and ranking of each features. As shown in the Figure 2, the best weight effect is mean fun.

Gradient Boosted Trees - Weights

Attribute Weight
O —
o T —
modindx 0057 |

minfun 0050 |

mindom 0045 |

skew [0.045] |

o om

meanfreq -

median [0.032] |

ars [0.029] |

centroid [0.021] |

“ ]

meandom m.

dfrange l

maxdom l

maxfun [0.014] |

Q25 0.012] |

mode [0.011]]

sp.ent ml

Figure 2. Weights of attributes of the used dataset

The training set has been run as 10 folds and the iteration values determined by using the 10-fold
method for the GBM algorithm that has given the best results are shown in Figure 3.
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stochastic Gradient Boosting

2249 samples
10 predictor
2 classes: 'female', 'male’

No pre-processing

Resampling: Cross-validated (10 fold)

summary of sample sizes: 2024, 2024, 2025, 2024, 2023, 2025, ...

Resampling results across tuning parameters:

interaction.depth n.trees Accuracy Kappa

1 50 0.9221961 0.8443858
1 100 0.9466466 0.8932890
1 150 0.9573213 0.9146397
2 50 0.9533232 0.9066398
2 100 0.9657638 0.9315226
2 150 0.9697638 0.9395248
3 50 0.9564304 0.9128549
3 100 0.9670971 0.9341921
3 150 0.9706527 0.9413038

Tuning parameter ‘'shrinkage’ was held constant at a value of 0.1

Tuning parameter 'n.minobsinnode’ was held constant

at a value of 10

Accuracy was used to select the optimal model using the Targest value.

The final values used for the model were n.trees = 150, interaction.depth = 3, shrinkage = 0.1 and n.minobsinnode = 10.

Figure 3. 10 fold (Cross-validated) analysis

Density plots of men and women extracted from 20 of the sound features determined within the scope
of the study are depicted in Figure 4.
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Figure 4. Density plots for male-female values
The confusion matrix of study is given in Figure 5.

cell contents

Total Observations in Table: 962
| predicted gender
actual gender | female | male Row Total
______________ Jmmme e AR RS S i S S A ST R
female | 470 | 10 480
| 0.489 | 0.010
______________ TR A | - SNV
male | 10 | 472 482
| 0.010 | 0.491
______________ B LR R P B R [ S S
column Total | 480 | 482 962

Figure 5. Confusion Matrix
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4. Artificial Intelligence Model

The analyzed audio file has been sent to the artificial intelligence integration as a dataset divided into
22 acoustic property values. Within the scope of this study, comparisons have been made with eight
different algorithms to determine the most performance and most efficient artificial intelligence
algorithm. As a test dataset, the universally accepted voice gender dataset on Kaggle [24], which has
voice frequencies and acoustic property values, has been used by adding new voice data.

1603 1608

1500 -

1000 -

label

count

500 -

0-

' '
female male
label

Figure 6. Male-female distribution of the dataset with voice analysis

As depicted in Figure-6, the new dataset created in the study consists of acoustic features of 3211 (1603
female, 1608 male) balanced and gender-labeled voice data. In artificial intelligence algorithms, 70%
of values for the train and 30% for the control dataset have been used to reach the most optimum
values and result values. Table 1. shows the accuracy values obtained as a result of the study of artificial
intelligence algorithms and the metrics of the performance of the algorithms. When these performance
metrics are examined together with the accuracy value, it is seen that the Gradient Boosted Model
(GBM) gives the best results and this algorithm is used as a model in the study.

Table 1. Artificial intelligence algorithms and success rates used for gender analysis over voice

=] @ = = =

£ & §5 EE TE 5 TE £ ETE = E§
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3] ] 8 > < & > 8 > ) 8 > g 2

oo < < S - 9 - 9 = - 9 = - 9 ~ - 9

= < c° ©wA ©nA o ©wA A~ v A L=

Naive Bayes 87.6% 12.4% +1.0% 0.945 +0.013 87.7% *09% 873% *2.1% 88.0% =*1.1%
y

Generalized

. 97.1% 29% +0.6% 0994 +0.007 97.1% +0.6% 958% =*1.6% 98.5% +0.6%
Linear Model

Logistic Regression 94.9% 51% x0.7% 0.994 0.007 951% #0.7% 91.7% #1.4% 98.7% =20.9%
Deep Learning 96.1% 39% 03% | 0.997 +0.004 96.2% *0.2% 93.4% £1.0% [99.1% =0.9%
Decision Tree 96.5% 3.5% 03% 0987 #0.005 96.5% #0.3% 97.0% #*1.1% 96.1% =1.6%
Random Forest 97.2% 2.8% x0.4% 0.996 0.004 97.2% *0.5% 954% #0.9% 98.0% =1.4%
Gradient Boosted

Model 97.9% 21% 0.5% 0.995 #0.003 97.8% #0.5% 97.4% *1.2% 983% =1.5%

Support Vector Machine 96.2% 3.8% *0.5% 0.88 #0.014 96.1% #0.5% 95.1% =*1.3% 97.8% 1.4%

The Gradient Boosting Machine (GBM) has given the highest accuracy, F-measure and precision rate
among the specified artificial intelligences. So considering these results in the continuation of the study,
the GBM algorithm has been used. As a result of running the GBM algorithm, the returned value (female
or male) has been transmitted to the relevant user.
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5. Discussion

Success statistics are given in studies on sound. Such as Ramadhan et al. examined the random forest
algorithm in his study. In the study, classification of the data was carried out using parameter
optimization. As a result of the study, it was reported that a success rate of 96.7% was determined [25].
DARPA, according to Ertem, has achieved up to 84% accuracy in resource management documentation.
This dataset is from 160 American English-speaking interviews. [26]. Huestegge et al. on the other
hand, proposed a new gender-based approach based on a generic voice classifier. The method with
92% success was used to classify the language independently [27]. Moreover, Zorumand et al. In their
study, tried to determine the gender of Malay children's voices. They examined the use of formal and
fundamental frequencies to discriminate the sex of 7-12-year old children. In their study, they achieved
99.8% performance with MLP [28]. Biiyiikyilmaz et al. also used a multilayer perceptron deep learning
model with 96.8% accuracy to identify gender from voice features [10]. Zvarevashe et al. [29], on the
other hand, managed to determine the gender with 97.58% accuracy by using random forest classifier
and gradient boosting machine algorithm Livieris, et al, on the other hand used iCST Votting a deviant
of CST Votting algorithm with success rate of 98.42%. The ResNet 50 fine-tuned gender data study, by
Alnuaim et al,, achieved an accuracy of 98.57% [31]. In this study, multiple methods were tried and the
most successful one that was the Gradient Boosted Model, with a rate of 97.8%.

6. Conclusion

The design and implementation of voice authentication and gender detection applications is still a
developing technology. Still, it has started to take an active role, especially in banking and marketing
applications. However, their installation costs are quite high. The study aims to eliminate this high cost
by using open source technologies and minimize human-induced errors and/or spoofing attacks by
using artificial intelligence algorithms. In this way, an effective solution with low cost has been brought
to the cyber security applications and marketing applications that use voice data. The main purpose of
this study is to analyze the identity verification and voice signature approach, which is included in
specific sectors such as the banking sector, especially for cyber security, with more stable and artificial
intelligence analysis and a humanistic approach. In addition, it is aimed to evaluate people as men or
women with voice analysis, regardless of disguise, by preventing the abuse of women's / men's rights
used in security attacks. In the study, gender determination has been made on the voice data using
supervised artificial intelligence algorithms, and an accuracy rate of 97% has been reached with the
Gradient Boosting Machine. Thanks to this approach of the study, realizing identity and gender
determination with artificial intelligence has been provided in sectors where technology and identity
requirements are used.

In the future study, it aims to develop the existing system by combining it with IoT technologies. To
make studies to use sound more effectively in physical and cyber security areas such as speaker
recognition and emotion analysis.
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ABSTRACT

In this study, commercially purchased 34CrNiMo6 material, also known as 4340 steel, was
shaped by hot forging. The microstructure differences of the samples cut for metallographic
processes before and after forging were observed by scanning electron microscope (SEM).
Element ratios in the different regions formed were analyzed by energy dispersive X-ray
spectrometry (EDS). X-Ray Diffraction (XRD) analysis was performed to find the materials
dislocation density and crystallinity size. With XRD analysis, the lattice strain created by the
forging process in the material was also calculated and compared with the raw material. The
mechanical effects of the forging process on the material were examined and the changes in
the material with the formation of dynamic recrystallization were investigated. At the same
time, the microhardness values were measured according to HV0.5 and the relationship with
the dislocation density was examined. As a result of the analysis, the dislocation density of
the raw material decreased by 50% on average after forging, and the crystallite size
increased by 20% on average. It was observed that the lattice strain value of the material
decreased by about 30% after forging. . The relationship between the change of these values
and the hardness values was investigated.

34CrNiMo6 Malzemesine Uygulanan Sicak
Sekillendirme Isleminin Dislokasyon Yogunluguna
Etkisi

0z

Bu calismada ticari olarak satin alinan 34CrNiMo6 malzemesi diger adiyla 4340 celigi sicak
dovme ile sekillendirilmistir. Dovme isleminden 6nce ve sonra metalografik islemler icin
kesilen numunelerin mikro yapida olusan farkliliklari taramali elektron mikroskobu (SEM)
ile incelenmistir. Olusan farkli bolgelerdeki element oranlari, enerji dagitict X-1sin1
spektrometrisi (EDS) ile analiz edilmistir. Numunelerde ki dislokasyon yogunlugunu ve
kristalite boyutunu bulabilmek i¢in X-Isin1 Kirinim (XRD) analizi yapilmistir. XRD analiziyle
dévme isleminin malzemede olusturdugu kafes gerinimi de hesaplanarak ana malzemeyle
karsilastirllmistir. Dévme isleminin malzemede olusturdugu mekanik etkiler incelenip
dinamik yeniden Kkristallesmenin olusmasiyla malzemede ki degisimler arastirilmistir.
Dinamik yeniden kristallesme ile dislokasyon yogunlugu arasindaki iliski gosterilmistir.
Ayni zamanda mikro sertlik degerleri HV0.5 gore olgiiliip dislokasyon yogunlugu ile iliskisi
incelenmistir. Yapilan analizler sonucu ana malzemenin dislokasyon yogunlugu dévme
islemi sonrasi ortalama %50 azalmus, kristalite boyutu ise ortalama %20 artmistir. Dévme
islemi sonras1 malzemede kafes gerinim degerinin yaklasik %30 azaldig1 gozlemlenmistir.
Bu degerlerin degisimi ile sertlik degerleri arasindaki iliski arastirilmistir.

To cite this article: G. Altuntas and B. Bostan, “Effect of Hot Forming Process on 34CrNiMo6 Material
on Dislocation Density,” Gazi Journal of Engineering Sciences, vol. 8, no. 3, pp. 576-581, 2022.
doi:10.30855/gmbd.0705044
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1. Glrl$ (Introduction)

Celik, diisiik maliyeti, alasim elementi ilavesi, mekanik isleme yoluyla ¢ok cesitli mekanik 6zellikler elde
etme olasiligl sayesinde genellikle yapisal uygulamalarda kullanilir [1-2]. 34CrNiMo6, bir tiir yiliksek
kaliteli orta karbonlu diisiik alasiml celiktir. Deutsches Institut fiir Normung (DIN) standartlarina
aittir ve Amerikan Demir ve Celik Enstitiisiine gore (AISI) 4340 olarak adlandirilir. Belirli miktarda Cr,
Ni ve Mo elementlerinin eklenmesi sayesinde c¢eligin sertlesebilirligini ve tavlama stabilitesini
iyilestirir. Yiilksek mukavemet, tokluk, yorulma ve asinma ozelliklerine sahiptir [3]. Krank milleri,
ylksek hizli demiryolu akslari, ucaklarda inis takimi, ugak sasisi, somunlar ve gelik silindir gibi biiyiik
enine kesitlere ve karmasik sekillere sahip ytik tasiyan bilesenlerde yaygin olarak kullanilmaktadir [4-
6]. Bu ¢elik ozellikle farkli yapisal uygulamalar i¢in 1s1l islem gérmiis kosullarda kullanilir, ¢linkii 1s1l
islem gormemis kosullarda tokluklari azdir [7-8]. Bu nedenle literatiirde su verme, temperleme ve
ostemperleme gibi 1s1l islemler uygulanarak kullanilir. icerisindeki alasim elementleri sadece
sertlesebilirligin artmasina katkida bulunmazlar, ayn1 zamanda beynit stabilizatorleri olarak da islev
goriirler [9-11]. Ornegin krom, beynitik baslangi¢ sicakliginda azalmaya ve beynitik déniisiim icin
kulugka siiresinin uzamasina neden olur. Benzer sekilde silikon (Si) beynitik doniisiim icin itici giici
arttirir ve molibden beynitik doniisiimii engelleyen beynitik dncesi reaksiyonlari bastirir [12-14].
Gelismis modern ultra yiiksek mukavemetli gelikler, 6zellikle dévme icin kullanildiklarinda ¢ok siki
kontrol edilen mikro yap1 ve mekanik 6zellikler gerektirir. 34CrNiMo6 malzemesi genellikle geleneksel
yontemlerden dévme yontemiyle tiretilmektedir [15].

Farkl 1sil islem rotalar1 ve tretim yontemleri ile bu malzemede olusan degisimler siklikla
calisilmistir. Fakat dislokasyon iliskisi ve kristalografik degisimleri ile ilgili calisilmalar yeterli degildir.
Bu calisma da 34CrNiMo6 malzemesi sicak dévme ile sekillendirilip dislokasyon yogunlugunun
mekanik 6zellikler ile iliskisi arastirilmistir.

2. Malzeme ve Yontem (Material and Method)

Deneysel c¢alismada ticari olarak satin alinan 34CrNiMo6 malzemesi kullanilmistir. Malzemenin
kimyasal bilesimi % agirlik olarak Tablo 1 de verilmistir.

Tablo 1. 34CrNiMo6 malzemesinin kimyasal analizi (Chemical analysis of 34CrNiMo6 material)
Elementler (%)

C Ni Cr Mn Mo Si S P Fe
035 1.51 1.57 0.61 0.28 0.27 0.002 0.004 Kalan

55mm ¢apindaki malzeme 600 kw indiiksiyon bobinde 1sinmistir. 1150 °C’de indiiksiyondan alinip
1100 °C’de 6300 tonluk HUTA marka havali ¢ekicte, acik kalipta dévme islemi uygulanmistir. 12 mm
kalinliga inen malzemenin ¢apak kesme islemi yaklasik 900 °C de yapilmistir. Capak kesme isleminden
sonra sogumaya birakilan malzeme, Endumak marka kumlama tezgahinda S390 graniirlerle
kumlanmistir. Dévme prosesi biten malzemeler analizler icin kesilip zimparalama, parlatma ve
daglama isleminden gecip JEOL JSM-6060LV marka Taramali Elektron Mikroskobu (SEM) ile mikro
yapilarina bakilmistir. JEOL JSM 6060LV enerji-dagitict X-1sin1 spektrometresi (EDS) ile element
dagilimlar analiz edildi. XRD analizleri Bruker D8 Advance cihazi kullanilarak elde edilmistir. X-1s1n1
kaynagi olarak monokromatik Cu Ka 15101 (A= 1.54056 A°) kullanilmis 40 kV ve 40mA'da desenler elde
edilmistir. Numuneler 26 20-80° araliginda 0,04°/dk tarama hizinda taranmaistir.

3. Bulgular ve Tartlsma (Results and Discussion)

Ana malzemenin ve dévme islemi yapilan numunenin XRD desenleri Sekil 1 de goriilmektedir.
Numunelerde 20-80° araliginda 2 diizlemde kirinim deseni gorilmiistiir. Ana pik olarak iki grup
numunede de a-Fe ferrit piki en yiiksek siddet ile (110) diizleminde goriilmektedir. Bu diizlem celik
alasimlarinda 6nerilen en yogun pik diizlemidir [25]. (110) ve (200) diizleminde ki siddetleri dévme
islemiyle bir miktar azaldig1 tespit edilmistir. Numunelerde az bir siddet ile MC tipi karbiirlerin
varligina rastlanmistir. Sekil 2 de yer alan mikro yapi1 goriintiileri bu karbiirleri desteklemektedir.
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Sekil 1. Numunelerin XRD grafikleri (XRD plots of samples)

XRD analizi yoluyla malzemelerin mikro gerinim, kristalite boyutu ve dislokasyon yogunlugu degerleri
denklem 1 ve 2 de goriildiigii iizere Debye Scherrer formiilden hesaplanmistir. Degerler Tablo 2 de
goriilmektedir.

Debye Scherrer formiilii [16]

k*A

bp = B+cos © (1)

Burada; Dp: kristalite boyutu, k: 0.94, A: 1.54 A&, B: (FWHM) degerini gostermektedir.

__ B

- 4xtan®

(2)
Burada; &: mikro gerinimi, B: (FWHM) degerini gostermektedir.

Tablo 2 de goriildigi lizere 34CrNiMo6 malzemesi sicak olarak déviildiigiinde yapidaki dislokasyon
yogunlugunda azalma oldugu hesaplanmistir. Ayrica tane boyutununda da artis oldugu goriilmektedir.
Bu degerler ile beraber mikro gerinim degeride sicak olarak dévme sonrasi azalmistir. Bilindigi tizere
yeniden kristallesme yayinma kontrolli bir prosestir. Yayinmanin katkisiyla dislokasyon yogunlugu
azalmakta, dayanim azalirken siineklik artmaktadir. Boylece yap1 dislokasyon yogunlugu azalan ve
yeniden kristallesen bir goriinim almaktadir. Yeniden kristallesme sicakliginin iizerindeki
sicakliklarda yapilan sekillendirme ile malzemede peklesme olmaz [17-18,23]. Sicaklik ile
deformasyon oldugunda bu durum dinamik yeniden kristallenme olarak adlandirilmaktadir. Dinamik
yeniden kristallesme kendi i¢cinde de siirekli ve siireksiz yeniden kristallesme olarak ayirilir. Siirekli
yeniden kristallesmede, dislokasyonlar énce toparlanma gostererek alt tane sinirlarina (kiiciik acil
tane sinirlari) absorbe edilir ve sonunda biiyiik a¢ili tane sinirlari olusturarak yeni tanelerin olusumu
saglanir. Siireksiz yeniden kristallesme ise yeni tanelerin biiyiik acili tane sinirina gégmesiyle
cekirdeklenme ve biiylimesi sonucu olur. Bu mekanizmaya silireksiz denmesinin nedeni ise
deformasyona ugramis tanelerin dislokasyon yogunlugunun homojen bicimde olmamasidir.
Dislokasyonlarin hareket halindeki tane sinirlarinda siireksiz bicimde azaltilmasindan dolay1 bu isimle
adlandirilmistir [19,23]. Sicaklik, malzemenin akma dayanimini azaltmakta ve sekillendirme sirasinda
daha diistik kuvvetler gerekmektedir. Sicak sekil degisimi sirasinda olusan dislokasyonlar aninda ve
dinamik olarak etkin olan yayimnmanin katkisiyla yok olmakta ve dislokasyon sayis1 deformasyonla
birlikte artamamaktadir. Bu sayede malzemede peklesme olusmaz ve sekillendirebilme kabiliyeti
artmaktadir [19-20]. Bdylece elde ettigimiz dislokasyon yogunlugu, kristalite boyutu ve mikro gerinim
degerlerinde ki degisimin literatiir ile uyustugu gorilmiistiir.
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Tablo 2. Numunelerin 2 farkli diizlemlerdeki dislokasyon yogunluklari, mikro gerinim ve kristalite boyutu degerleri (Dislocation
densities, micro-strain and crystallite size values of the samples in 2 different planes)

Numuneler Dislokasyon Yogunlugu (1/m2) Kristalite boyutu Mikro
A Gerinim

34CrNiMo6 (110) 4,36%1015 151,3817 0,000895552
34CrNiMo6 (200) 10,32*1015 98,5276 0,002000504
34CrNiMo6+Dovme 4,01*1015 157,9094 0,000858531
(110)

34CrNiMo6+Dovme 5,11*1015 139,9607 0,001408287
(200)

Sekil 2 (a) ve (b) de numunelerin SEM mikro yapi goriintiileri x2500 ve x5000 biiyiitmede
gorilmektedir. Sekil 2 (a) da ana malzeme 34CrNiMo6 (b) de ise sicak dévme islemi yapilmis
34CrNiMo6 malzemesinin mikro yapilar1 gériilmektedir. ki mikro yapida da ana matris ferrittir ve
perlitik dontisiimler yer almaktadir. Sekil 2 de goriilen sar1 bolgelerin sicak dévme sonrasi arttigl tespit
edilmistir.

Sekil 2. Numunelerin x2500 ve x5000 biiytitmede SEM mikro yap1 goriintiileri (a) ana malzeme 34CrNiMo6 (b)sicak dovme
yapimis 34CrNiMo6 malzemesi (SEM microstructure images of samples at x2500 and x5000 magnification (a) base material 34CrNiMo6 (b)
hot forged 34CrNiMo6 material)

Sekil 2 de yer alan sar1 bolgelere yapilan EDS analizi sonucu Fe, C ve Cr elementinin daha fazla oldugu
gorilmistir. EDS analizleri Sekil 3 de goriilmektedir. Bu bélgelerin MC tipi karbiirler olacagi
distinilmektedir [21,22]. Bu durum XRD grafikleriyle desteklenmektedir.

B lee Mesty Box  Cax
=
e ) g
7 C M 0D A 05w
O B D3 168 28w
Wm0k AN 0 wmw
1 Foo B M3 LN STID e
100000 wen Ted
20 -
100
Fe
1 Ma
q
C O

Db A = BEE E @

Sekil 3. Sar1 bolgelerin EDS analizi (EDS analysis of yellow regions)

Dévme islemiyle mekanik yonden degisimleri test etmek i¢in mikro sertlik él¢timleri yapilmistir. 5
farkll bolgeden analiz edilen ortalama mikro sertlik degerleri Sekil 4 goriilmektedir. Sekil 4 (a)
gorildigii tizere ortalama 34CrNiMo6 ana malzemesinin sertligi 374 HVO0.5 bulunmustur. Sekil 4 (b)
goriildigi tizere sicak dévme islemi uygulanmis 34CrNiMo6 malzemesinin ortalama sertligi 366.6
HVO0.5 olarak bulunmustur. Dévme islemi sonrasi sertlik degerinde bir miktar azalma gézlemlenmis.
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Bu durumu XRD analizi ile hesapladigimiz dislokasyon yogunlugunda ki azalma ve tane boyutunun bir
miktar artmasi desteklemektedir. Tane boyutunun artmasi hall petch etkisiyle dayanmimi
azaltacagindan sertliginde azalmasina sebep olabilecegi diisiiniilmektedir [24].

390 390
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Sékil 4. Numunelerin 5 farkli noktadan mikro sertlik degerleri (a) 34CrNiMo6 ana malzeme (b) sicak dovme islemi uygulanmis
34CrNiMo6 malzemesi (Microhardness values of the samples from 5 different points (a) 34CrNiMo6 base material (b) hot
forged 34CrNiMo6 material)

4, Sonut,‘lar ve (")neriler (Conclusions and Suggestions)

1) XRD analizleri sonucu en yogun pik diizlemi (110) diizleminde gérilmiistir. Bu diizlem gelik
alasimlarinda énerilen en yogun diizlemdir.

2) Sicak ddvme islemi sonucunda malzemenin mikro gerinim degerinin ve dislokasyon yogunlugunun
azaldig tespit edilmistir. Ayrica kristalite boyutu sicak dévme islemi sonrasi artmistir.

3) Dévme yapilan numunenin mikro yapilarinda MC tipi karbiirlerin arttig1 gériilmiistiir.

4) Mikro sertlik degeri en yiiksek 34CrNiMo6 ana malzemesinde ortalama 374 HV0.5 él¢tilmiistir.

5) Sicak sekillendirme yapilan bu malzemenin farkli mekanik testler yapilarak mekanik 6zelliklere
etkisi arastirilabilir
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ABSTRACT

The total energy consumption of Turkey is consumed in residence approximately %20 for
this reason It seems that the issues that need to be addressed first are the energy saving
potential and environmental impacts. In this study,energy efficiency and environmental
performance of residences between 2019 - 2020. were calculated with non-parametric
Data Envelopment that using Energy, demographic and environmental parameters of 81
provinces in Turkey. The sourting of the provinces performance was obtained with super
efficiency model. Efficiency is defined as the ability of provinces to transform their energy-
influencing inputs into energy efficiency .In the analysis made according to the energy
consumption performance per dwelling, 25.9% of the provinces were efficient, while in the
study conducted according to the environmental performance per energy consumption,
13.58% of the provinces were found to be efficient. As a result of the analysis, input/output
parameters were evaluated, and the results of energy efficiency and environmental
efficiency were interpreted on a provincial basi and put forward a proposal to decision
maker.

Tiirkiye'deki Illerde Bulunan Meskenlerin Enerji
Verimliligi Etkinligi

0Z

Tiirkiye’deki toplam enerji tiiketiminin yaklasik %?20’si meskenlerde gerceklesmekte
oldugundan meskenlerdeki enerji tasarruf potansiyeli ve cevresel etkilerinin oncelikle ele
alinmasi gereken konular oldugu goériilmektedir. Yapilan bu ¢alismada Tiirkiye’deki 81 ilin
enerji, demografik ve cevresel parametreleri kullanilarak 2019 - 2020 yillar1 arasindaki
meskenlerin enerji verimlilik ve cevresel performans etkinligi parametrik olmayan Veri
Zarflama Analizi (VZA) ile degerlendirilmis, illerin performans siralamasi Siiper Etkinlik
modeli ile elde edilmistir. Burada etkinlik illerin enerjiyi etkileyen girdilerini enerji
verimliligine doniistiirme becerisi olarak tanimlanmistir. Analizde “Mesken Bagsina Diisen
Enerji Tiikketim Performans1” ve “Enerji Tiiketimi Basina Cevresel Performans”
degerlendirilmistir. Mesken basina diisen enerji tiiketim performansina gore yapilan
analizde illerin %25,9'u etkin iken, enerji tiiketimi basina g¢evresel performansa gore
yapilan ¢alismada ise illerin %13,58'nin etkin durumda oldugu goérilmustiir. Analiz
sonucunda ele alinan girdi/¢ikti parametreleri degerlendirilerek il bazinda enerji
verimlilikleri ve cevresel etkinlik sonuclari yorumlanmis ve karar vericilere Oneriler
sunulmustur.
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1. Gll"ls (Introduction)

Enerji ve ekonomi arasindaki yakin iligki iilkelerin gelismislik diizeylerini gosteren en 6nemli
parametrelerdir. Niifus artisi, sanayilesme, ekonomik biliylime ve teknolojinin gelisimiyle beraber
enerjiye duyulan ihtiyacta artmistir. 1970’li yillarda yasanan petrol krizi enerji kaynaklarina duyulan
ihtiyacin sinirsiz oldugu, enerji kaynaklarinin ise sinirli oldugunu gostermistir. Artan enerji fiyatlari
ekonomiyi dogrudan etkiledigi i¢cin enerji kaynaklarinin verimli kullanilmasmin 6nemini
arttirmaktadir [1].

Tiirkiye’de Elektrik Isleri Etiit idaresi Genel Midiirligii, 1981'de, enerji verimliligi calismalarina
baglamistir [2]. Tiirkiye enerji tasarruf potansiyeli sektor bazl incelendiginde; %30 bina sektériinde,
%20 sanayi sektoriinde, %15 ulasim sektoriinde oldugu goriilmektedir [3]. Binalardaki %30’luk
tasarruf potansiyeli 7 milyar TL’'den fazladir ve bu da dért Keban Baraji insa edebilecek miktara denk
gelir [1]. 5 Aralik 2019 daresmi gazetede yayinlanan “Binalarda Enerji Performansi Yonetmeligi” ile
binalarda enerji verimliligi calismalar1 hiz kazanmistir. Tiirkiye’deki bina stokunun 9%87’sini
meskenlerin olusturdugunu diisiiniirsek, meskenlerdeki enerji tasarruf potansiyelinin ne kadar énemli
oldugu asikardir [4]. Sekil 1’de mesken basina enerji tiiketiminin (kWh) en yiliksek oldugu 10 il
gosterilmistir.

BATMAN; |
157,13

Sekil 1. 2020 yilinda mesken basina diisen enerji tiiketiminin (kWh) en yiiksek oldugu 10 il
(Energy per household in 2020 10 provinces with the highest consumption (kWh)) [5]

Literatiirde enerji performansi, illerdeki, meskenlerdeki ve binalardaki enerji etkinligi ile ilgili yapilan
bazi calismalar asagida verilmistir.

Ozgiir, imalat sektoriindeki firmalarin enerji etkinligini veri zarflama analizini kullanarak kiyaslamistir.
Girdi verisi olarak elektrik ve dogalgaz tiiketimlerini alirken cikt1 verisi olarak satislar1 baz almistir.
Marmara bélgesinde bulunan 7 isletmede “DEA-Solver Learner Version 3.0” yazilimi kullanilarak
gergeklestirilen analiz sonucuna gore {i¢ isletmenin verimli sinir ¢izgisinin altinda kaldig1 goriilmiistiir.
Bu isletmelerin verimli sinir ¢izgisi lizerinde yer alabilmesi i¢in, kendilerine en yakin bulunan iki
noktaya olan mesafeleri kadar verimlilik ¢alismalari yapmalar1 gerekmektedir [6]. Yigit, Avrupa
tilkeleri ile Tiirkiye’'de yiiriirliikte olan Enerji Kimlik Belgesi uygulamalarini inceleyerek Tiirkiye’deki
konutlarin enerji verimliligini aydinlatma konusu kapsaminda degerlendirmislerdir. Konutlarda
yaygin olarak kullanilan akkor ve kompakt floresan lambalarin yillik enerji tiiketim degerlerini
hesaplayarak, aydinlatmaya yonelik tasarruf potansiyeli belirlenmistir [7]. Morgiil, 2013-2014 yillar1
arasinda konutlardaki elektrik tiiketimini, anket calismasi1 ile ¢apraz tablolama yontemiyle
degerlendirmistir [8]. Woo ve arkadaslari, 31 OECD iilkelerinde 2004-2011 yillar1 arasindaki statik ve
dinamik cevresel yenilenebilir enerji verimliligini arastirmislardir. Girdi degiskeni olarak, is giici,
sermaye yenilenebilir enerji arzi, ¢ikt1 degiskeni olarak ise CO2 emisyonu ve GYSH kullanilmistir [9].
Tiirkoglu, 2010-2014 yillar1 arasindaki verilerden yararlanarak OECD iilkelerinin enerji etkinlik
analizini VZA ile yapmistir. OECD iilkelerini GYSH gore iki gruba ayirmis ve dort farklh veri zarflama
modeli olusturmustur. Calismanin sonunda VZA ve lojistik regresyon analizi yontemlerinin OECD
tilkelerinin enerji etkinliklerinin degerlendirilmesinde ve enerji etkinligini etkileyen dinamiklerin
belirlenmesinde anlamli sonuglar verdigini gozlemlemistir [10]. Kogak, 2016 yilindaki verileri
kullanarak 81 ilin tiiketici tiirii bazinda elektrik tiiketimleri karsilastirilmistir. Calisma sirasinda
girdiye yonelik CCR ve BBC modelleri kullanmis ve EMS paket programindan yararlanilmistir. CCR
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modelinin sonucuna gore 81 ilden 15 tanesi etkin ¢ikarken 66 tanesi etkin ¢ikmamistir. Etkinsiz illerin
etkin olabilmeleri icin dneriler sunulmustur [11]. Demirsoy, 2015-2017 yillar1 arasindaki verileri
kullanarak enerji kimlik belgesi uygulamasinin illerdeki konutlara enerji etkisini arastirmistir.
Arastirma sirasinda Tiirkiye’deki 81 ilin enerji ve ¢evre performanslar ilgili gostergelerden
yararlanmistir. VZA analizinde EMS paket programindan yararlanilmis, ayrica etkin illeri de kendi
icerisinde siralayabilmek icin siiper etkinlik modeli analize dahil edilmistir. [12].

Bu calismada ise, 81 ildeki meskenlerin enerji, demografik yapi, konut sayisi, Enerji Kimlik Belgesine
sahip bina sayisi, ¢evresel etki verileri ve GYSH verileri goz 6niine alinarak illerin enerji etkinliklerinin
belirlenmesi hedeflenmistir. Calisma kapsaminda iki model olusturulmustur. Kullamlan veriler, TUIK,
EPDK ve Cevre ve Sehircilik Bakanligi (CSB) veri tabanindan alinmistir. Enerji etkinliklerinin
belirlenmesi asamasinda Veri Zarflama Analizi kullanilmistir. Calismanin temel hedefi kanunlarla
desteklenmis ve uygulamaya konulmus enerji kimlik belgesi alan bina sayilarinin seviyesi, binalarin
kullandiklar1 enerjiyi istenilen diizeyde enerji verimliligine doniistiirme becerisini ve bu enerjiyi
kullanirken cevresel etkilere minimum diizeyde doniistiirme becerileri arastirilmistir. Etkinlik tanimi
ile binalardaki enerji verimliliginin boyutu belirlenmis ve basarili olan illerin kendi igerisinde
siralamasi i¢in de Stiper Etkinlik kavramindan yararlanilmistir. Etkinlik analizinde EMS 1.3 paket
programi kullanilmistir.

2. Materyal ve Metod (Material and Method)

2.1. Veri zarflama analizi (Data envelopment analysis)

Etkinlik 6l¢limiinde en ¢ok kullanilan yontemlerden biri Veri Zarflama Analizidir (VZA) [13]. VZA, hedef
olarak belirlenen etkinlik 6lciimiiniin ¢ikt1 olarak nitelendirildigi, bu ciktiy1 etkileyen parametrelerin
girdi olarak tanimlandig1 ve birbirinden boyut olarak bagimsiz degiskenlerin yer aldig1 ¢cok parametreli
etkinlik 6l¢me metodudur. Metotta Karar Verme Birimleri Tiirkiye’deki 81 ildir.

VZA, ilk olarak, Charnes, Cooper ve Rhodes tarafindan, benzer karar verme birimlerinin goreli
etkinliklerinin 6lciilmesi amaci ile gelistirilen parametrik olmayan bir etkinlik yontemidir [14]. Sekil
2’de veri zarflama analizi yapilirken izlenecek adimlarin akis diyagrami gosterilmistir.

VZA’da karar verme birimlerinin goreli etkinligi, ¢iktilarin agirlikli toplamimin girdilerin agirlikh
toplamina oranlanmasiyla hesaplanmaktadir. Etkinlik, birimlerin kendi girdileri ile ¢iktilarim1 ne
oOlciide yaratabildiklerini gosteren skorlardir. Etkinligin 6lciisti O ile 1 arasinda olabilir; etkinlik skoru
1 olan karar verme birimleri etkin olarak adlandirilirken, 0 ile 1 arasinda skorlanan karar verme
birimleri etkin olmayan olarak adlandirilmaktadir. Etkin olmayan bir karar verme birimi etkin hale
gelebilmek icin etkinlik skorunu 1’e doniistiirmesi gerekmektedir. Bu durumda girdi ve c¢ikti
degiskenlerindeki eksiklik veya fazlaliklar1 gidermesi gerekecektir [12].

Literatiirde siklikla kullanilan VZA modelleri ; CCR modeli 6l¢cege gore sabit getiri varsayimina sahiptir
ve Charnes, Cooper, Rhodes tarafindan 1978 de gelistirilmistir. Girdideki artis miktar1 ¢iktidaki artis
miktari ile dogru orantilidir. Diger model ise BCC modelidir, 6lgege gore degisken getiri varsayimina
dayanir Banker, Charnes, Cooper tarafindan ortaya atilmistir. Eldeki girdiler ile maksimum g¢ikti
liretimini gostermektedir [13].

Olcege gore sabit getiri (CCR) varsayimi, 6lgege gore degisken getiri varsayimini (BCC) kapsar. Bu
sebeple analizde CCR modeli kullanilmistir. CCR Modelinde girdideki artis miktari kadar ciktida da artis
gerceklesmektedir. Girdi yonelimli CCR modelinde amag, mevcut ¢iktiyi minimum girdiyle elde
edebilmektir. Cikt1 yonelimli CCR modelinde ise amag girdi degerlerini sabit tutarak maksimum ¢iktiy
elde etmektir. Tablo 1’de VZA'nin kullandig1 girdi yoénelimli ve ¢ikti yonelimli CCR modelinin
matematiksel fonksiyonlari verilmistir.
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Karar verme birimi secimi
U
Girdi ¢iktilarin belirlenmesi

[
Verilerin giivemilir olarak
bulunmasi
9
['vZA modelinin secilmesi ve etkinlik
Olcimi

Referans kiimenin belirlenmesi

9

Etkin olmayan karar verme birimleri
icin stratejilerim belirlenmesi

| 4

Sonuglarin yorumlanmasi

Sekil 2. VZA islem adimlar1 (DEA process steps) [15]

Tablo 1. CCR modeli [16] (CCR model)
Girdi Esasli CCR Modeli

Amac Fonksiyonu:

Max e, =),5_, (uryro)

Kisitlar :

Xr=1(uryrj) - X2, (vixij) <0

m,(vixio) =1
Cikt1 Esasli CCR Modeli

Min e, =124 (vixio)
Kisitlar ;
21 (ViXij) -Y7_q (uryrj) =0

Y3 _4(uryro)=1

ur,viz0;j=1,...n
r=1,..s;i=1,..m

n: Karar Verme Birimi Sayis1 ji=1,2,...n
s: Cikt1 Sayisi r=1,2,...s
m: Girdi Sayis1 i=1,2,...m

ur: o. karar verme biriminin r. ¢iktiya verdigi agirlik degeri

vi: 0. karar verme biriminin i. girdiye verdigi agirlik degeri

xio: o. karar verme birimi tarafindan kullanilan i. girdi miktar1
yro: o. karar verme birimi tarafindan elde edilen r. ¢ikti miktari
xij: j. karar verme birimi tarafindan kullanilan i. girdi miktar:
yrj: j. karar birimi tarafindan elde edilen r. ¢ikt1 miktari

3. Bulgular (resuits)

Bu c¢alismada Tiirkiye’deki 81 ile ait meskenlerin enerji performanslarinin hesaplanmasi amaciyla
illerdeki mesken basina tiiketim ve meskenlerdeki tiiketimin ¢evresel pargacik siiriisii algoritmasiyla
arastirdi. etkileri dikkate alinarak iki model olusturulmustur.

Model 1: Mesken basina diisen enerji tiiketim etkinligi (Enerji girdilerini kullanarak minimum enerji
tliketimini gergeklestiren iller etkindir)

Model 2: Enerji tiiketimi basina c¢evresel etki etkinligi (Enerji girdilerini minimum g¢evresel etkiye
doniistiiren iller etkindir)

Hesaplamalarda 6lgege gore sabit getiri varsayimi ve olgege gore degisken varsayimi sonuglari esit
¢ikmistir. Bunun nedeni ile CCR varsayiminin BCC modelini kapsamasindan kaynaklidir. Bu sebeple
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hesaplamalar tek bir tabloda toplanarak verilmistir. Tablo 2’de olusturulan etkinlik analiz modellerine
ait girdi ¢cikt1 degiskenleri verilmistir.

Tablo 2. Girdi / Cikt1 degiskenleri (Input and output variables)

MODEL GIRDILER CIKTILAR
KiSi BASINA /MESKEN SAYISI
NUFUS ARTIS HIZI (%) (2019-2020)
KiSi BASINA GYSH ($) (2020)

Mesken Basina Diisen KISI BASINA GYSH ARTISI (%) (2019-2020)
Enerji Tiikketim BIRINCIL ENERJi TUKETIMI (2020 MWh)
Performansi KiSi BASINA BIRINCIL ENER]Ji TUKETIMI (2020 MWh)
ISITMA-SOGUTMADA YENILENEBILIR GES KULLANIMI
ISITMA-SOGUTMADA YENILENEBILIR RES KULLANIMI Mesken basina enerji

tiikketimi (MWh)

NUFUS ARTIS HIZI (%) (2019-2020)
KisSi BASINA GYSH ($) (2020)
KiSi BASINA GYSH ARTISI (%) (2019-2020)

Enerji Tiiketimi Bagina BIRINCIL ENERJI TUKETIMI (2020 MWh)
Cevresel Performans — — — —
KiSi BASINA BIRINCIL ENER]i TUKETIMI (2020 MWh)
ISITMA-SOGUTMADA YENILENEBILIR GES KULLANIMI Meskenlerdeki CO2

ISITMA-SOGUTMADA YENILENEBILIR RES KULLANIMI emisyonu

3.1. Enerji tiiketim etkinlik sonuclar1 (Model 1) (Energy consumption efficiency results (Model 1))

Model 1'de “Mesken Basina Diisen Enerji Tiiketim Etkinligi” nin Tablo 2’de verilen girdi ve ¢ikti
degiskenleri kullanilarak elde edilen etkinlik skorlari sonuglar1 Tablo 3’de verilmistir. Etkinlik skorlari
%100 olan yani 1 degerine sahip olan iller, binalarinda enerji girdilerini kullanarak minimum enerji
tiketimini saglamislardir. Etkin olmayan iller i¢in ise Benchmark degerleri tanimlanarak etkin
olabilmeleri i¢in referans aldiklar illerin sira numarasina gore degerlerini % olarak doniistiirme
degerlerine tasimalar1 gerekmektedir.

Tablo 3. Model 1 illerin etkinlik degerleri (Model 1 efficiency values of provinces)

llerin Siras1 il Adi Skor Etkinlik Durumu-[BENCHMARK : il sirasi (% degisim) |
4 Agr 100,00% Etkin

8 Antalya 100,00% Etkin

9 Ardahan 100,00% Etkin

10 Artvin 100,00% Etkin

14 Batman 100,00% Etkin

15 Bayburt 100,00% Etkin

35 Glimiishane 100,00% Etkin

36 Hakkari 100,00% Etkin

37 Hatay 100,00% Etkin

38 Igdir 100,00% Etkin

40 Istanbul 100,00% Etkin

41 [zmir 100,00% Etkin

42 K.Maras 100,00% Etkin

60 Mus 100,00% Etkin

63 Ordu 100,00% Etkin

65 Rize 100,00% Etkin

66 Sakarya 100,00% Etkin

69 Sinop 100,00% Etkin

71 Sanliurfa 100,00% Etkin

76 Tunceli 100,00% Etkin

81 Zonguldak 100,00% Etkin

75 Trabzon 99,15% 65 (0,34) 69 (0,52)

49 Kirklareli 98,01% 35(0,01) 36 (0,10) 40 (0,04) 65 (0,66) 81 (0,18)
43 Karabiik 97,20% 35(0,07) 36 (0,23) 65 (0,48) 69 (0,12)

79 Yalova 96,48% 36 (0,33) 65 (0,73) 69 (0,03)

78 Van 95,80% 4(0,26) 14 (0,22) 36(0,28)

21 Bursa 95,38% 8(0,11) 36 (0,18) 37 (0,09) 40 (0,26) 65 (0,31)
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llerin Siras1 il Adi Skor Etkinlik Durumu-[BENCHMARK : il sirasi (% degisim) |

1 Adana 94,97% 8 (0,62) 14 (0,23) 41 (0,06)

26 Diyarbakir 93,96% 14 (0,89) 35 (0,02) 36 (0,03)

68 Siirt 92,63% 4(0,26) 14 (0,22) 36 (0,28)

59 Mugla 92,30% 8(0,11) 36 (0,18) 37 (0,09) 40 (0,26) 65 (0,31)
51 Kilis 92,10% 8 (0,62) 14 (0,23) 41 (0,06)

13 Bartin 91,73% 14 (0,89) 35 (0,02) 36 (0,03)

52 Kocaeli 89,84% 4(0,26) 14 (0,22) 36 (0,28)

33 Gaziantep 88,38% 8(0,11) 36 (0,18) 37 (0,09) 40 (0,26) 65 (0,31)
46 Kastamonu 88,09% 8 (0,62) 14 (0,23) 41 (0,06)

72 Sirnak 86,81% 14 (0,89) 35 (0,02) 36 (0,03)

44 Karaman 84,43% 4(0,26) 14 (0,22) 36 (0,28)

34 Giresun 82,74% 8(0,11) 36 (0,18) 37 (0,09) 40 (0,26) 65 (0,31)
57 Mardin 81,92% 8 (0,62) 14 (0,23) 41 (0,06)

50 Kirsehir 80,89% 14 (0,89) 35 (0,02) 36 (0,03)

7 Ankara 80,60% 4(0,26) 14 (0,22) 36 (0,28)

58 Mersin 80,22% 8(0,11) 36 (0,18) 37 (0,09) 40 (0,26) 65 (0,31)
18 Bitlis 80,11% 8 (0,62) 14 (0,23) 41 (0,06)

2 Adiyaman 79,26% 14 (0,89) 35 (0,02) 36 (0,03)

67 Samsun 78,92% 4(0,26) 14 (0,22) 36 (0,28)

27 Diizce 78,53% 8(0,11) 36 (0,18) 37 (0,09) 40 (0,26) 65 (0,31)
11 Aydin 77,85% 8 (0,62) 14 (0,23) 41 (0,06)

74 Tokat 77,44% 14 (0,89) 35 (0,02) 36 (0,03)

19 Bolu 77,01% 4(0,26) 14 (0,22) 36 (0,28)

31 Erzurum 76,17% 8(0,11) 36 (0,18) 37 (0,09) 40 (0,26) 65 (0,31)
28 Edirne 75,31% 8 (0,62) 14 (0,23) 41 (0,06)

17 Bingol 75,08% 14 (0,89) 35 (0,02) 36 (0,03)

56 Manisa 75,04% 4(0,26) 14 (0,22) 36 (0,28)

64 Osmaniye 73,91% 8(0,11) 36 (0,18) 37 (0,09) 40 (0,26) 65 (0,31)
45 Kars 71,98% 8 (0,62) 14 (0,23) 41 (0,06)

61 Nevsehir 71,98% 14 (0,89) 35 (0,02) 36 (0,03)

48 Kirikkale 68,43% 4(0,26) 14 (0,22) 36 (0,28)

62 Nigde 66,73% 8(0,11) 36 (0,18) 37 (0,09) 40 (0,26) 65 (0,31)
55 Malatya 66,41% 8(0,62) 14 (0,23) 41 (0,06)

53 Konya 66,10% 14 (0,89) 35(0,02) 36 (0,03)

6 Amasya 65,90% 4(0,26) 14 (0,22) 36 (0,28)

32 Eskisehir 63,28% 8(0,11) 36 (0,18) 37 (0,09) 40 (0,26) 65 (0,31)
25 Denizli 62,13% 8 (0,62) 14 (0,23) 41 (0,06)

47 Kayseri 61,78% 14 (0,89) 35 (0,02) 36 (0,03)

39 Isparta 60,00% 4(0,26) 14 (0,22) 36 (0,28)

30 Erzincan 59,20% 8(0,11) 36 (0,18) 37 (0,09) 40 (0,26) 65 (0,31)
29 Elazig 59,10% 8 (0,62) 14 (0,23) 41 (0,06)

12 Balikesir 59,08% 14 (0,89) 35 (0,02) 36 (0,03)

24 Corum 58,64% 4(0,26) 14 (0,22) 36 (0,28)

5 Aksaray 58,26% 8(0,11) 36 (0,18) 37 (0,09) 40 (0,26) 65 (0,31)
77 Usak 56,10% 8 (0,62) 14 (0,23) 41 (0,06)

70 Sivas 56,03% 14 (0,89) 35(0,02) 36 (0,03)

16 Bilecik 55,99% 4(0,26) 14 (0,22) 36 (0,28)

22 Canakkale 55,67% 8(0,11) 36 (0,18) 37 (0,09) 40 (0,26) 65 (0,31)
80 Yozgat 54,14% 8 (0,62) 14 (0,23) 41 (0,06)

20 Burdur 53,91% 14 (0,89) 35 (0,02) 36 (0,03)

3 Afyon 51,80% 4(0,26) 14 (0,22) 36 (0,28)

73 Tekirdag 51,62% 8(0,11) 36 (0,18) 37 (0,09) 40 (0,26) 65 (0,31)
23 Cankurl 48,53% 8(0,62) 14 (0,23) 41 (0,06)

54 Kiitahya 48,13% 14 (0,89) 35(0,02) 36 (0,03)

Model 1 sonuglari incelendiginde, 21 ilin skoru 100% ¢ikarak etkinlik sinirini olusturan iller olmustur.
Etkin olmayan iller bu illere benzeyebilmek icin benchmark degerlerine gore degiskenlerini
ayarlamalari gerekecektir.

Ornegin, Trabzon ili %99,15'ile etkin olamaya en yakin ildir. Etkin olabilmek icin etkinlik sinir
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cizgisinde en yakin oldugu Rize ve Sinop (benchmarktaki birinci rakam il sirasini, digeri % degerini
gostermektedir) ilini 6rnek almistir, buna gore girdi degerlerindeki fazlaliklari asagidaki Tablo 4’deki
kadar azaltarak etkin hale gelebilecektir.

Diger bir etkin olmayan il ise Kiitahya'dir. Kiitahya ili %48,13’ile etkin olamaya en uzak ildir. Etkin
olabilmesi i¢in Antalya, Batman ve Glimiishane ilini 6rnek almistir, buna gore girdi degerlerindeki
fazlaliklar1 Tablo 5’deki kadar azaltarak etkin hale gelebilecektir.

Tablo 4. Trabzon ilinin etkin olabilmesi i¢in girdilerindeki fazlalik degerleri
(In order for the province of Trabzon to be effective, the excess values in its inputs)

TRABZON iLi GIRDILERDEKI FAZLALIKLARI

Niifus Artis Kisi Basina  Kisi Bagsina Gysh  Bir. Enerji Tiik. Bir. Enerji Tik. / GES Kul. RES Kul.
Hiz1 (%) Gysh Artis1 (%) Kisi Sayis1
9,503 3877,869 22,960 68,290 0,108 0,000 0,02

Tablo 5. Kiitahya ilinin etkin olabilmesi i¢in girdilerindeki fazlalik degerleri (In order for the province of Kiitahya to be effective, the excess
values in its inputs)

KUTAHYA iLi GIRDILERDEKI FAZLALIKLARI

Niifus Artis Kisi Basina  Kisi Basina Gysh  Bir. Enerji Tik. Bir. Enerji Tik. / GES Kul. RES Kul.
Hiz1 (%) Gysh Artis1 (%) Kisi Sayis1
9,503 3877,869 22,960 68,290 0,108 0,000 0,02

Analiz sonucuna gore 81 ilin 21’ yani illerin %25,9 etkin durumdadir, bu etkin illeri siiper etkinlik
modelinden yararlanarak kendi i¢lerinde siralanmis hali Tablo 6’da verilmistir. Burada stiper etkinlik
skoru en yiiksek olan il Antalya olup en diisiik olan il ise Tunceli olarak elde edilmistir. Bu skorlar
sadece etkin olan yani etkinlik skoru %100 olan illerin kendi i¢erisindeki siralamasini gostermektedir.

Tablo 6. Model 1 etkin illerin siralamasi (Model 1 ranking of active provinces)

iller Etkinlik Degerleri
1 Antalya 177656,39%
2 Glimiishane 52583,67%
3 Artvin 167,99%
4 Rize 167,98%
5 istanbul 153,18%
6 Sinop 152,00%
7 Batman 150,00%
8 Bayburt 145,96%
9 Igdir 134,20%
10 Hakkari 131,15%
11 Agn 120,76%
12 Sanliurfa 117,89%
13 Zonguldak 117,89%
14 K.Maras 114,53%
15 Sakarya 112,97%
16 Ordu 111,25%
17 Hatay 111,15%
18 Mus 109,11%
19 [zmir 106,95%
20 Ardahan 104,78%
21 Tunceli 104,27%

Etkinlik smirinin altinda olan 60 ilin etkin olabilmeleri girdilerdeki, “niifus artis hizi, birincil enerji
tiiketimi, kisi basina diisen GYSH, 1sitma sogutmada yenilenebilir kaynaklarin kullanimi gibi secilen
girdi ve ¢ikt1 degerlerindeki fazlaliklarini azaltmalari icin Tablo 3’de verilen benchmark degerlerine
gore Ornek aldiklar illerin yaninda bulunan % benzeme oranlarinin ¢arpilip toplanmasiyla elde
edilecek degere kendi degerlerini tasimalari gerekmektedir.

Etkinlik skoru %100 olan iller diger etkin olmayan iller tarafindan refere edilmektedir. Ornegin
Batman ili etkin olmayan iller tarafindan 44 kez referans alinmis ve en ¢ok referans alinan il olmustur,
Ardahan, Artvin, Bayburt, Mus, Ordu, Sanliurfa, Tunceli illeri ise diger etkin olmayan iller tarafindan hi¢
referans olarak alinmamaistir. Yani veri zarflama analizi ile olusturulan etkinlik sinir ¢izgisinde yer alan
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bu iller etkin olmayan ve bu ¢izgiye ulasmaya ¢alisan iller tarafindan refere edilmemislerdir.

Etkin olmayan illerin girdilerindeki fazlalik oranlarinin en yiiksek oldugu iller asagida listelenmistir;

Niifus artis hiz1 esik degerini en cok gegen il “Tekirdag”

Kisi basina diisen GYSH miktari sinirini en ¢ok asan il “Ankara”

Kisi basina GYSH artisi en ytiksek olan il “Konya”

Enerji tiikketimi girdisine gore elektrigi en verimsiz kullanan il “Ankara”

Kisi basina diisen enerji tiiketimi girdisine gore elektrigi en verimsiz kullanan il “Tekirdag”

Isitma sogutmada yenilenebilir enerji olarak GES kullanan iller arasinda en verimsiz olan

“Nevsehir “

e Isitma sogutmada yenilenebilir enerji olarak RES kullanan iller arasinda en verimsiz olan
“Canakkale”

¢ Kisi basina diisen mesken sayisinda en verimsiz olan il “Kirikkale”

3.2. Enerji tiiketim etkinlik sonuclar1 (Model 2) (Energy consumption efficiency results (Model 2))

win

Model 2’de “Enerji Tiiketimi Basina Cevresel Performans Etkinligi"nde girdi degerleri kisi basina diisen
milli gelir, kisi sayisi, enerji tiiketimleri ve yenilenebilir enerji kaynagi ¢ikti1 degiskeni olarak ise CO:
salinimi baz alinarak olgiilmiistiir. Aslinda bu modelde binalarda ve illerde kullanilan enerji
parametrelerinin karbondioksit emisyonuna déniisiimiinde en az kirliligi olusturan illerin performansi
degerlendirilmistir. Bu modele gore elde edilen sonuglar Tablo 7’de illerin etkinlik skorlar1 olarak
verilmistir. Birinci modele benzer olarak etkin olan iller kendi aralarinda siiper etkinlik modelinden
yararlanilarak siralanmistir.

Tablo 7. Model 2 illerin etkinlik degerleri (Model 2 efficiency values of provinces)

i1Ad1 Skor Etkinlik Durumu-[BENCHMARK : il sirasi (% degisim) |
7 Ankara 100,00% ETKIN
8 Antalya 100,00% ETKIN
15 Bayburt 100,00% ETKIN
26 Diyarbakir 100,00% ETKIN
34 Giresun 100,00% ETKIN
35 Giimiighane 100,00% ETKIN
40 istanbul 100,00% ETKIN
65 Rize 100,00% ETKIN
71 Sanliurfa 100,00% ETKIN
75 Trabzon 100,00% ETKIN
78 Van 100,00% ETKIN
69 Sinop 99,01% 75 (0,25)
31 Erzurum 98,22% 34 (0,10) 78 (0,79)
63 Ordu 96,60% 8 (0,01) 40 (0,00) 75 (0,79)
10 Artvin 94,70% 65 (0,44)
11 Aydin 93,91% 8(0,21) 75 (0,61) 78 (0,12)
36 Hakkari 93,04% 15 (0,06) 34 (0,31)
4 Agri 92,61% 34 (0,44) 78 (0,12)
38 Igdir 91,60% 15 (0,03) 34 (0,26)
14 Batman 91,47% 26 (0,18) 34 (0,52)
66 Sakarya 90,32% 75(0,93)
41 fzmir 88,90% 8 (0,57) 40 (0,26) 75 (0,05)
17 Bingdl 87,51% 15 (0,33) 34 (0,31)
59 Mugla 87,04% 8 (0,34) 78 (0,48)
46 Kastamonu 86,09% 34 (0,28) 65(0,52)
58 Mersin 85,59% 8(0,47) 75 (0,42)
74 Tokat 84,14% 75 (0,24) 78 (0,41)
9 Ardahan 84,12% 15 (0,06) 34 (0,14)
60 Mus 81,43% 15 (0,06) 34 (0,49)
81 Zonguldak 79,58% 75 (0,62)
45 Kars 79,30% 15 (0,31) 34 (0,30)
37 Hatay 79,29% 8(0,17) 40 (0,05) 75 (0,39)
12 Balikesir 77,64% 8 (0,24) 75 (0,55)
76 Tunceli 77,43% 15 (0,12) 34 (0,12)
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i1Ad1 Skor Etkinlik Durumu-[BENCHMARK : il sirasi (% degisim) |
24 Corum 75,76% 75 (0,01) 78(0,69)
1 Adana 72,92% 8(0,61) 40 (0,01)
67 Samsun 71,56% 8(0,16) 40 (0,01) 75 (0,48)
79 Yalova 70,28% 34 (0,55) 75(0,12)
6 Amasya 66,58% 34 (0,61) 78(0,02)
50 Kirsehir 66,43% 15 (0,36) 34 (0,39)
48 Kirikkale 65,48% 34 (0,41) 78(0,08)
18 Bitlis 65,45% 15 (0,09) 34 (0,39)
27 Diizce 65,14% 26 (0,00) 34 (0,34) 65(0,34)
68 Siirt 64,88% 15 (0,12) 34 (0,42)
55 Malatya 60,19% 8(0,04) 75(0,37) 78 (0,20)
28 Edirne 59,20% 34 (0,02) 75(0,23) 78 (0,25)
57 Mardin 59,11% 26 (0,42) 34 (0,21)
21 Bursa 58,24% 8(0,09) 40 (0,15) 75 (0,39)
72 Sirnak 58,19% 26 (0,03) 34 (0,49)
39 Isparta 56,67% 75 (0,24) 78(0,26)
43 Karabiik 56,42% 34 (0,38) 75 (0,05)
70 Sivas 56,03% 8(0,01) 75(0,52)
80 Yozgat 55,63% 34 (0,32) 75(0,14) 78 (0,07)
56 Manisa 55,52% 8(0,29) 75 (0,25)
2 Adiyaman 55,36% 8(0,02) 75(0,10) 78 (0,43)
47 Kayseri 54,33% 8(0,22) 75(0,33)
61 Nevsehir 53,53% 26 (0,12) 34 (0,26)
13 Bartin 52,58% 34 (0,17) 65 (0,26)
25 Denizli 52,37% 8(0,17) 75(0,34)
19 Bolu 50,52% 26 (0,04) 34 (0,44) 35(0,03)
29 Elazig 50,47% 8(0,00) 75(0,47)
54 Kiitahya 49,96% 8(0,01) 75 (0,46)
3 Afyon 47,68% 8(0,05) 75(0,37) 78 (0,07)
32 Eskisehir 46,88% 8(0,12) 75(0,33)
33 Gaziantep 46,64% 8(0,41) 40 (0,01)
30 Erzincan 46,38% 15 (0,08) 34 (0,40)
42 K.Marag 44,86% 8(0,01) 40 (0,03) 75 (0,33)
51 Kilis 43,65% 15 (0,11) 34 (0,31)
23 Cankiri 42,12% 15 (0,11) 34 (0,29)
53 Konya 40,25% 8(0,32) 40 (0,04)
62 Nigde 40,21% 26 (0,19) 34 (0,18)
5 Aksaray 38,96% 26 (0,18) 34 (0,23)
20 Burdur 38,33% 8(0,01) 34 (0,31) 75 (0,02)
22 Canakkale 38,31% 8(0,08) 75(0,28)
52 Kocaeli 36,43% 8(0,01) 40 (0,08) 75 (0,32)
77 Usak 31,56% 8(0,02) 75(0,28)
49 Kirklareli 31,51% 8(0,00) 40 (0,01) 75 (0,30)
64 Osmaniye 24,42% 8(0,11) 75(0,00) 78 (0,14)
44 Karaman 23,87% 34 (0,01) 75(0,21) 78 (0,02)
73 Tekirdag 18,91% 8(0,00) 40 (0,03) 75 (0,18)
16 Bilecik 16,18% 8(0,01) 75(0,14)

Bu modele gore 81 ilin 11 tanesi etkin iken geriye kalan 70 ilin etkinlik sinirindan uzak oldugu
gorilmistiir. Etkin olmayan illerin etkin olabilmeleri i¢in kendilerine referans aldiklari iller ve referans
alma oranlar1 benchmarkta verilmistir. Trabzon ili etkin olmayan iller tarafindan 38 kez referans
alinarak en ¢ok referans alinan il olmustur, Ankara ve Sanlurfa ili ise etkin olmayan iller tarafindan hig
referans alinmamustir.

Sinop ili %99,01’ile etkin olamaya en yakin ildir. Etkin olabilmek i¢in sadece Trabzon ilini 6rnek

almistir ve buna gore girdi degerlerindeki Benchmarkta verilen oranlarda azalttiginda Tablo 8’deki
degerlere ulasmasi durumunda etkin hale gelebilecegi goriilmektedir.
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Tablo 8. Sinop ilinin etkin olabilmesi i¢in girdilerindeki fazlalik degerleri
(In order for the province of Sinop to be effective, the excess values in its inputs)

SINOP iLi GIRDILERDEKI FAZLALIKLARI

Niifus Artig Kisi Basina Kisi Basina Gysh Bir. Enerji Bir. Enerji GES Kul. RES Kul.
Hiz1 (%) Gysh Artis1 (%) Tiik. Tiik. / Kisi
Sayisi
9,503 3877,869 22,960 68,290 0,108 0,00 0,02

Benzer olarak Bilecik ili %16,18 ile etkin olamaya en uzak ildir. Etkin olabilmek i¢in sadece Trabzon
ve Antalya ilini 6rnek almistir, buna gore girdi degerlerindeki fazlaliklar1 asagidaki Tablo 9’daki

kadar azaltarak etkin hale gelebilir;

Tablo 9. Bilecik ilinin etkin olabilmesi i¢in girdilerindeki fazlalik degerleri
(In order for the province of Bilecik to be effective, the excess values in its inputs)

BILECIK iLi GIRDILERDEKI FAZLALIKLARI

Niifus Artis Kisi Basina Kisi Basina Bir. Enerji Tiik. Bir. Enerji GES Kul. RES Kul.
Hiz1 (%) Gysh Gysh Artis Tiik. / Kisi
(%) Sayis1
11,409 9091,105 28,493 144021,229 0,748 0,185 0,294

Illerin %13,6 etkin durumdadur, etkin illeri siiper etkinlik modelinden yararlanarak kendi aralarinda
siralanmis hali Tablo 10’da verilmistir. Buradan Antalya ilinin enerji gostergelerini etkin bicimde
kullanarak CO2 emisyonu bakimindan daha az gevreye zarar verdigi sonucu ¢cikmistir. Benzer olarak
Tablo 10’da verilen biitiin iller emisyon liretiminde enerji gostergelerini daha etkin kullanmislardir.

Tablo 10. Model 2 etkin illerin siralamasi (Model 2 ranking of active provinces)

ILLER ETKINLIK YOZDELERI
Antalya 62990,09%
Gimiighane 10418,80%
istanbul 1152,92%
Rize 297,98%
Trabzon 258,16%
Diyarbakir 227,07%
Ankara 183,07%
Sanliurfa 168,78%
Giresun 157,11%
Van 116,65%
Bayburt 103,29%

Etkinlik sinirinin altinda olan 70 ilin etkin olabilmeleri icin girdilerdeki, “birincil enerji tiiketimi, kisi
basina diisen GYSH, 1sitma sogutmada yenilenebilir kaynaklarin kullanim1” fazlaliklarini azaltmaya
ihtiyaglari vardir. Girdilerdeki fazlalik oranlarinin en yiiksek oldugu iller asagida listelenmistir;

Niifus artis hiz1 esik degerini en cok gecen il Tekirdag

Kisi basina diisen GYSH miktar1 sinirini en ¢ok asan il Kocaeli

Kisi basina GYSH artisi1 en ytiksek olan il Cankir1

Enerji tiikketimi girdisine gore elektrigi en verimsiz kullanan il Kocaeli,

Kisi basina diisen enerji tiiketimi girdisine gore elektrigi en verimsiz kullanan il Bilecik,

Isitma sogutmada yenilenebilir enerji olarak GES kullanan iller arasinda en verimsiz olan

Nevsehir'dir.

Tablo 11’de her iki Model i¢in de etkin olan iller verilmistir. Antalya, Bayburt, Giimiishane, istanbul,
Rize ve Sanlwurfa illeri iki modelde Bu ¢alisma, 81 ildeki meskenlerin enerji verimliligi kapsaminda
etkinliklerinin degerlendirilmesi icin 2020 yilindaki mesken sayisi, Kisi sayisi, kisi basina diisen
GYSH eneriji tiiketimleri, yenilenebilir enerji kaynagi kullanimi ve ¢evre verileri kullanilarak Veri
Zarflama Analizi ve Siiper Etkinlik Modelleri ile etkinlik performanslari él¢iilmiistiir. Olciilen
performans goreceli etkinligi olusturmakta olup nonparametrik bir calismadir. Uygulamada EMS
(siriim 1.3) paket programi kullanilmistir. Tiirkiye’deki illerin enerji gostergelerini enerji
verimliligi acisindan etkin kullanip kullanmadiklari test edilmistir. Etkin olmayan kullanimlar icin
ise segilen enerji gostergelerini hangi seviyeye tasimalar1 gerektigi ortaya konulmustur.

de etkin olduklari gézlemlenmistir.
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Tablo 11. Model 1 ve model 2 etkin illerin siralamasi (Model 1 and model 2 ranking of active provinces)

ILLER MODEL 1 MODEL 2
Agr1 X

Ankara X
Antalya
Ardahan
Artvin
Batman

MoK < X

Bayburt
Diyarbakir
Giresun

Moo X

Glimiishane
Hakkari
Hatay
Igdir
istanbul
izmir
K.Maras
Mus
Ordu
Rize
Sakarya
Sinop

DK R X K XK X X X ) X X

Sanliurfa
Trabzon X
Tunceli
Van X
Zonguldak X

=<

4, Sonut,‘ (Conclusion)

Bu ¢alisma, 81 ildeki meskenlerin enerji verimliligi kapsaminda etkinliklerinin degerlendirilmesi i¢in
2020 yilindaki mesken sayisy, kisi sayisy, kisi basina diisen GYSH enerji tiiketimleri, yenilenebilir enerji
kaynagi kullanimi ve ¢evre verileri kullanilarak Veri Zarflama Analizi ve Stiper Etkinlik Modelleri ile
etkinlik performanslar1 6lgiilmistiir. Olgillen performans géreceli etkinligi olusturmakta olup
nonparametrik bir c¢alismadir. Uygulamada EMS (siirim 1.3) paket programi kullanilmistir.
Tiirkiye’deki illerin enerji gdstergelerini enerji verimliligi agisindan etkin kullanip kullanmadiklari test
edilmistir. Etkin olmayan kullanimlar i¢in ise segilen enerji gostergelerini hangi seviyeye tasimalari
gerektigi ortaya konulmustur.
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ABSTRACT

In this study, drilling of AISI 4140 tempering steel with different gash rake angle the effects
of the gash rake angle on the thrust force and drilling moment were investigated by
experimental and FEM supported virtual simulation studies, and surface roughness was
investigated experimentally.In the experiments, monolithic solid carbide drill are used that
has +10 °, 0 °, -10 ° gash rake angle and diametre with 6,8mm. Experimental design was
developed based on three different drill gash rake angle, cutting speed and feed rate with
using Minitab 18 statistical software and Taguchi L9 experiment design method.
Experiments have been carried out on AISI 4140 tempering steel is widely used in the
manufacturing industry and can be purchased commercially. Variance Analysis (ANOVA)
was applied to evaluate the test results and the effects of the independent variables (Ya: slit
saw angle, Vc: cutting speed, fn: feed amount) on the pushing force during hole drilling were
evaluated according to significance value of 0.05. When the test results are examined, it is
seen that the drill gash rake angle does not have a significant effect on the thrust force,
drilling moment and surface roughness in drilling of AISI 4140 tempered steel, but it has a
63.78% effect on the thrust force. In the Finite Element supported virtual simulation
studies, it is seen that it gives guiding results for the thrust force and drilling moment in
drilling of AISI 4140 tempered steel with different drill gash rake angles.

AIST 4140 Islah Celiginin Delinmesinde Yarik Talas

Acisinin Etkisinin Deneysel ve Teorik Arastirilmasi
0Z

Bu calismada farkli yarik talas acisina (gash rake angle) sahip matkaplar ile AISI 4140 1slah
celiginin delinmesinde yarik talas acisinin itme kuvveti ve delme momenti iizerine etkileri
deneysel ve FEM destekli sanal simiilasyon ¢alismalari ile ytizey piiriizliligi ise deneysel
olarak arastirilmistir. Deneylerde +10°, 0°, -10° yarik talas acisina sahip 6,8 mm capinda
yekpare karbiir kaplamali matkaplar kullanilmistir. Deney tasarimi Minitab 18 istatistik
yazilimi Taguchi L9 deney tasarimi kullanilarak ti¢ farkli matkap yarik talas agsi, kesme hizi
ve ilerleme miktar1 esas alinarak olusturulmustur. Deneyler imalat sanayisinde yaygin
olarak kullanilan ve ticari olarak temin edilebilen AISI 4140 1slah celigi lizerinde
gerceklestirilmistir. Deney sonuglarini degerlendirmek amaciyla Varyans Analizi (ANOVA)
uygulanmis olup bagimsiz degiskenlerin (Ya: yarik talas acisi, Vc: kesme hizi, fn: ilerleme
miktar1) delik deleme sirasinda meydana gelen itme kuvveti iizerine etkileri 0,05 anlamlilik
degerine gore degerlendirilmistir. Deney sonuglari incelendiginde AISI 4140 1slah geliginin
delinmesinde matkap yarik talas agisinin itme kuvveti, delme momenti ve ylizey
puiriizliliigii tizerinde anlamh bir etkisinin olmadig1 goriilse de itme kuvveti iizerinde
%63,78'lik bir etkiye sahiptir. Yapilan Sonlu Elemanlar destekli sanal simiilasyon
calismalarinda ise farkli matkap yarik talas agilariyla AISI 4140 1slah celiginin delinmesinde
itme kuvveti ve delme momenti icin yol gosterici sonuglar verdigi gortilmektedir.
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1. Glrl$ (Introduction)

Delik delme islemleri, talas kaldirma islemleri igerisinde biiyiik bir 6neme sahiptir ve metal isleme siireclerinin
yaklasik %25’ini olusturmaktadir. Talagh imalat yontemiyle tiretimde kesici takim geometrisi, talasin ideal kesme
kuvvetlerinde kaldirilmasinda, kirilmasinda ve kesme bolgesinden uzaklastirilmasinda kritik 6neme sahiptir.
Kesici takim geometrisi, kesme sartlarini, kesme kuvvetlerini, takim 6mriinii ve isleme kalitesini belirleyen
karmasik bir geometridedir ve islemin verimi belirler [1-3].

flerleme miktari, delik delmede talas olusumu ve giic tiikketiminde ve elde edilen deligin geometrik toleranslarda
en 6nemli belirleyici parametredir. Yiiksek ilerleme miktari, ¢ikan talasin helis kanallarinda daha kolay tahliye
edilmesi ve delik delme siiresini azaltmasi gibi olumlu etkiler saglarken, diisiik delik kalitesi gibi olumsuz bir etkiye
neden olmaktadir. Diger taraftan diisiik ilerleme miktari, talas kontroliiniin zorlasmasi ve talas ylizeyinde
asinmalar ile kesici kenarda olusan talas yigilmalariyla takim &mriiniin azalmasina neden olmaktadir. Bu
nedenlerden dolay1 ylizey puriizliliigli, captan sapma, dairesellik, silindiriklik ve diklik gibi elde edilen delik
kalitesinin tayininde belirleyici ¢ikt1 parametreleri olumsuz yonde etkilemektedir [4-7]. Uygun olmayan kesme
parametreleri bu olumsuzluklara sebep olan tek etken degildir. Ideal matkap geometrisi ve ideal kesme
parametrelerinin kombinasyonu en iyi kesme sartlarini sagladigindan, matkap geometrisinin de is pargasi
malzemesi 6zelliklerine uygun olmasi gerekmektedir [8].

Matkap geometrisi, delme siirecinde, matkabin is parcas1 malzemesi yiizeyinde konumlandirilmasi ve batmasi,
kesme kuvvetlerinin azaltilmasi, talasin kirilmasi, talasin tahliyesi, matkabin delik eksenini takibi, titresim ve
takim 6mrii gibi parametrelerde belirleyici faktordiir [9]. Matkabin ug bolgesi, is parcasiyla ilk temas eden ve islem
siiresince talas kaldiran kisim oldugu icin matkap geometrisi ve ug agilar1 kritik 6neme sahiptir. Diger taraftan,
yeterli uzunlukta olmayan bir enine kesici kenarli matkabin, isleme esnasinda parga yiizeyinde konumlandirilmasi
oldukca giiclesmektedir. Bu problemi gidermek icin matkap ucuna, matkap yarig1 (split/gash) olarak adlandirilan
ek yiizeyler olusturulmaktadir. Bu yiizeylerin amaci, enine kesici kenarin kisalmasini saglayarak, ikincil kesici
kenarin pozitif talas agili olarak olusmasini saglamaktir [10].

Bir baska problem ise; uygun olmayan yarik talas agisi, matkap uc¢ bolgesinde talas sikismasina ve kesme
kuvvetlerinde artisa neden olmakta ve buna bagh olarak, matkapta hizli asinmaya, asir1 kesme kuvvetlerine, delik
kalitesinde kotiilesme gibi problemlere yol acmaktadir. Yarik talas acisi, enine kesici kenarin kaldirdig: talasin
yarik ylizeyine siirtiinme siiresini belirlemede ve bu talasi helis kanalina yonlendirmede kritik gorev yapmaktadir.
Delik delme isleminin kapali alanda gerceklesmesinden dolay1 kesme sicakliginin biiyiik bir boliimiiniin delik
icerisinde dagilmasi ve talash imalatta kesme sicakliginin yaklasik %70-80'ninin talasla atiliyor olmasi, yarik talas
acisinin talas sikismasini 6nlemek ve matkap ug boélgesinden talasin tahliyesinde olduk¢a 6nemli gérev yaptigina
isaret etmektedir [11,12].

Talash imalat islemlerinin maliyetinin biiyiik bir kismini kesici takim olusturmaktadir. Bu sebeple islenecek
malzemeye ve kullanilacak operasyona uygun Kesici takim geometrisi ile malzemesi secimi dnemli bir faktor
olarak karsimiza ¢ikmaktadir. Kesmenin sanal ortamlarda yapildigi Sonlu Elemanlar Analizleri (FEA) ve deneysel
calismalardan elde edilen veriler kullanilarak kurulan matematiksel modeller, istenilen kalitede {iriin
iretilebilmesi, uygun kesici takim geometrisi segilmesi ve kesici takim ile hammadde israfinin ortadan kaldirilmasi
icin son yillarda talagli imalat sektériinde yaygin olarak kullanilmaktadir [13,14].

Delik delme siirecinde isleme performansina etki eden faktorlerden kesici takim tiirii ve u¢ geometrisi, is parcasi
arastirmalarin yapildig1 tespit edilmis olup takim 6mrii ve matkap u¢ geometrisi lizerine yapilan ¢alismalarin
¢oklugu dikkat cekmektedir [10-24] Bunlar, agirlikli olarak, matkap u¢ geometrisinin kesme kuvveti tizerindeki
etkisini ortaya koyan ve optimum kesme sartlarini belirlemek i¢cin matkap u¢ geometrisindeki degisiklikleri
inceleyen calismalar1 kapsamaktadir. Yapilan bazi calismalarda, 6zellikle u¢ geometrisine bagh olarak, kesme
kuvveti ve moment ile ilgili ¢esitli matematiksel modeller gelistirilmistir [10-16] Takim 6mriinii belirleyen, asinma
ve asinmaya sebep olan kesme kuvvetleri ve momentleriyle ilgili yapilan calismalarda, u¢ geometrisi haricinde
ve teorik c¢alismalarla incelenmistir [17-24]. Kaplama uygulamasi ve matkap u¢ geometrisindeki
modifikasyonlarin matkabin asinmasi iizerinde en belirgin etkiye sahip parametreler olduklari bu ¢alismalarla
tespit edilmistir [15,18, 26].

Geometrik unsurlarin delme islemindeki rolii detayli incelenmis olup, matkap geometrisi ¢calisilirken, yarik talas
acisinin ihmal edilen bir parametre veya geometrik unsur oldugu dikkat cekmektedir. Yapilan bu alisma ile, talash
imalatta 6nemli bir yeri olan matkapla delik delme islemlerinde, matkap geometrisini olusturan matkap yarigi ve
yarik talas acisinin (gash rake angle), AISI4140 1slah celigi icin optimize edilmesi amaglanmistir.
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2. Deneysel Metot (Experimental Method)

2.1.Is Parcasi ve Kesici Takimlar (Workpiece and Cutting Tools)

Bu calismada 140x140x20 mm boyutlarinda AISI 4140 1slah ¢eliginden hazirlanmis deney numuneleri
kullanilmistir. Numuneler altlarina dort adet bur¢ konularak dinamometre iizerine civata ile
baglanmustir. AISI 4140 1slah geliginin kimyasal bilesimi Tablo 1'de verilmistir. Deney numunesi
tizerinde seri delik delme islemi uygulanmistir. Her bir deney parametresi kombinasyonu yiiz defa
tekrarlanmis olup, delme sirasinda meydana gelen 1sidan bir sonraki deligin etkilenmemesi i¢in yapilan
delik yerlesim planinda birer delik atlanarak delikler delinmistir.

Tablo 1. AISI 4140 1slah celiginin kimyasal kompozisyonu, % (Chemical composition of AISI 4140 tempered steel, %)
C Si Mn P S Fe

0,45 0,1 0,60 0,04 0,04 Kalan

Deneysel ¢alismalarda, iyi asinma direncinden dolay1 yiiksek kesme hizlarinda dahi iyi performans
sergileyen iki agizli helisel, split uclu, 6,8 mm c¢apli, 138° ug¢ acily, igten sogutma kanalli ve TiAIN
kaplamali yekpare sinterlenmis karbiir matkaplar kullanilmistir. Deneylerde kullanilan matkaplarin
geometrik ozellikleri Tablo 2’de verilmistir. Sekil 1’de 3 farkl yarik talas agisinin u¢ geometrisi
lizerinde gosterimi verilmistir.

Matkap ekseni -10° yarik talas agis Matkap ekseni Notr yarik talas agisi

‘,A
(a) (b)
Matkap ekseni +10° Yarik talag agisi

()

Sekil 1. (a)-10°; (b) 0°; (c) +10° Yarik Talas Agis1 (Gash Rake Angle).

Tablo 2. Tasarlanan takimlarin geometrik 6zellikleri (Geometric features of designed drill bit).

Takim Matkap Sap Ug Yarik batma Yarik talas Radyal Oz
Geometrisi capl capl acisi1 acisl1 acisl1 agiz acisl1 kalinhigi
Geometri 1 +10°

Geometri 2 6,8 mm 8 mm 138° 50° 0° 55° 0,264 mm
Geometri 3 -10°

2.2. Takim Tezgahi ve Kuvvet Olciimii (Machine Tool and Force Measurement)

Deneysel ¢alismalar JOHNFORD VMC-550, ISO formatli programlanabilir FANUC kontrol iiniteli CNC
dik isleme tezgahinda yapilmistir. Tezgadhin en yiiksek devri 6000 dev/dk olup 6l¢ii hassasiyeti
0,001mm’dir. Belirlenen kesme hizlarinda tezgahin maksimum devrine yakin ¢alisilacagindan ve i¢ten
sogutma sistemi gerektigi icin, icten sogutma sistemine sahip GissTech marka yiiksek hiz kafasi
kullanilmistir. Yiiksek hiz kafasi siirekli ¢alismada 24000 dev/dk, kisa ¢alisma siirelerinde ise 30000
dev/dk hizlara gikabilirken, tezgah ¢ikis devrini 4,8 kat arttirmaktadir.
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Dynoware yazilimi

Baglama kalibi

Tezgéah tablasi Amplifikatér

Sekil 2. Deney diizenegi sematik gosterimi (Schematic representation of the experimental setup)

Delme operasyonu sirasinda olusan kesme kuvvetleri ve delme momenti dakikada 10000 o6l¢ciim
yapabilen Kistler 9272a ¢ok amacgli dinamometre ile dlglilmiistiir. Dinamometreden alinan dl¢iimler,
yine sekiz kanalli Kistler Amplifikator ile yiikseltilerek bilgisayara aktarilmis ve Kistler Dynoware
yazilimi ile veriler degerlendirilerek itme kuvveti (Fz) ve delme momenti (Mz) degerleri alinmistir.
Deney diizeneginin sematik gosterimi Sekil 2’de verilmistir.

2.3. Kesme Parametreleri (Cutting Parameters)

Calismada 6zgiin olarak t¢ farkl yarik talas acisi (+10°, 0°, -10°) ile {i¢ farkli kesme hiz1 (80, 100, 120
m/dk) ve ilerleme miktar1 (0,15; 0,25;0,3 mm/dev) kullanilarak ii¢ farkl seviyeli ii¢ kontrol faktorii
(3x3x3) kullanilmistir. Deney tasarimda kullanilan bagimsiz degiskenler ve kontrol faktorleri Tablo
1’de verilmistir. Tablo 3’teki faktorler géz onilinde bulundurularak Minitab istatistik yazilimi
kullanilarak Taguchi L9 ortogonal (Tablo 4) dizini secilerek deney tasarimi yapilmistir.

Tablo 3. Deney parametreleri ve seviyeleri (Experiment parameters and levels).

Faktorler Birim 1. Seviye 2. Seviye 3. Seviye
Kesme h1z1 m/dk 80 100 120
Yarik talas acisi1 ° (derece) +10 0 -10
ilerleme mm/dev 0,15 0,25 0,3

Tablo 4. Taguchi L9 ortogonal deney tasarimi (Taguchi L9 orthogonal experiment design)

Vc(m/dk) Ya(?) fn(mm/dev)
L1 80 +10 0,15
L2 80 0 0,25
L3 80 -10 0,3
L4 100 0 0,15
L5 100 -10 0,25
L6 100 +10 0,3
L7 120 -10 0,15
L8 120 +10 0,25
L9 120 0 0,3

2.4. Yiizey Piiriizliiliigii Olgiimii (Surface Roughness Measurement)

Ortalama ytizey piriizliiliikk (Ra) degerleri Mitutoyo Surftest SJ-410 portatif ylizey piirtzliliik 6lciim
cihaz1 kullanilarak 6l¢iilmiistiir. Kesim uzunlugu (Ac) 0,8 mm, drnekleme tekrar sayisi (n) 5 ve yanal
uzunluk (Lt) 5,6mm parametreleri kullanilmistir. Her deney i¢in delinen deliklerden giris bolgesinden
dort, cikis bolgesinden dort 6l¢ciim alinarak bu degerlerin ortalamasi deliklerin giris bolgesi ve ¢ikis
bolgesi yiizey kaliteleri bu degerler dikkate alinarak degerlendirilmistir.

2.5. Sanal Simiilasyon Calismasi (Virtual Simulation Study)

Niimerik analizler, itme kuvveti ve delme momenti sonuclarinin énceden kestirilebilmesi i¢in talas
kaldirma modellerine odaklanmis bir FEM destekli sanal simiilasyon yazilimi olan Third Wave
AdvantEdge® programi ile yapimistir. Yazilim giincellenmis Lagrangian esitliklerinden
faydalanmakta olup adaptif yeniden ag o6rme tekniklerini kullanmaktadir. FEM destekli sanal
simiilasyon ¢alismalarinda is parcasi malzemesi olarak yazilim kiitiiphanesinde bulunan AISI 4140
1slah celigi tercih edilmistir. Is parcasi genislik ve uzunluk dlciilerinin matkap capindan en az 2 kat fazla
olmasi gerektiginden 15x15x20 mm olarak yazilima tanitilmistir. Kullanilan matkaplarin tasarimlari
STL formatinda kaydedilerek Third Wave AdvantEdge yazilimina islenmistir. Takimin malzemesi
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program malzeme Kkiitiiphanesinde bulundugundan buradaki malzeme takim malzemesi olarak
kullanilmis olup, AITiN kaplama malzemesi de yine program kiitiiphanesinde bulunmaktadir. Ayrica
kaplama kalinhiginin 3um olarak tanitimi yapilmistir. Minimum element boyu miktar1 dogru sonuglar
alinabilmesi i¢in yazilimin tavsiyesiyle ilerleme miktarinin yarisi olarak kabul edilmistir. Kesme
parametreleri yapilan Taguchi L9 deney tasarimina gore her bir analize tanitilmistir. FEM destekli
sanal simiilasyon ¢alismalarinda, siirtiinme kat sayisinin kuvvet ve moment sonuglarinin dogru
hesaplanmasinda dnemli bir rolii vardir. Yazilimda Coulomb siirtiinme modeli kullanilmaktadir. Bu
model:

Ff=pFn (9]
Esitligi ile ifade edilmektedir. Kesici takim iireticisinin paylasmis oldugu 0,35 siirtiinme katsayis1 FEM
destekli sanal simiilasyon ¢alismalarinda kullanilmistir. Sonlu elemanlar destekli sanal simiilasyon

calismalarinda kullanilan ag yapisi parametreleri Tablo 5’te verilmistir.

Tablo 5. Ag yapisi parametreleri (Network structure parameters)

Kesici takim parametreleri Deger
Minimum eleman boyutu 0,05 mm
Maksimum eleman boyutu 1 mm
Kesici takim donme agis1 360°

is parcasi parametreleri Deger

is parcas1 boyutu 15x15x20mm
Minimum eleman boyutu 0,075 mm
Maksimum eleman boyutu 2 mm
Delik baslangi¢ derinligi 15 mm
Baslangi¢ sicakligl 20°C

Analizlerin sonucunda, her li¢ eksende meydana gelen kesme kuvvetleri Fx, Fy, Fz (N), ddonme momenti
Mz (Nm) ve verileri elde edilmistir. Veriler *.txt dosyasi olarak alinmis olup Matlap yaziliminda
delinebilirligin belirlenmesinde 6nemli rol oynayan itme kuvveti (Fz) ve delme momenti (Mz)
degerlerinin ortalamalari ¢ikarilmistir.

3. Bulgular Ve Tartlsma (Results and Discussion)

Bu ¢alismada farkli yarik talas agisina sahip matkaplar ile AISI 4140 1slah ¢eliginin delinmesinde kesme
parametrelerinin ve matkap yarik talas agisinin yiizey piriizliliigi, itme kuvveti ve delime momenti
lizerine etkisi deneysel, istatiksel ve sanal simiilasyon analizleriyle incelenmistir.

3.1. itme Kuvvetinin Degerlendirilmesi (Evaluation of Thrust Force)

AISI 4140 1slah celiginin deneysel olarak delinmesinden ve FEM destekli sanal simiilasyon
calismalarindan elde edilen itme kuvveti sonuglari Tablo 6’da verilmistir. Tablo 6. incelendiginde FEM
destekli sanal simiilasyon ¢alismalarindan elde edilen itme kuvveti degerlerinde L1 numarali deneyin,
deneysel calismadan elde edilen veriyle %98,36 oraninda dogru sonug verdigi goriilmektedir. En diistik
dogruluk oraninin %67,72 ile L7 numarali analizden elde edildigi goriilmektedir. Yapilan analizin itme
kuvveti sonugclar1 hakkinda 6nemli bir sonug verdigi goriilmektedir.

Deneysel calismadan elde edilen itme kuvvetlerine bakildiginda -10° yarik talas agisina sahip
matkaplarla yapilan ¢alismalarda daha yiiksek ¢iktig1 goriilmektedir. Calismanin 6ngdriisiinde negatif
yarik talas agisinin ¢ikan talasin egrilik yaricapimi kiictiltecegi dolayisiyla itme kuvvetinin artacagi yer
almaktadir. Elde edilen sonuglar bu 6ngériiyii dogrulamaktadir. Ayrica ilerleme kuvvetinin artmasiyla
da itme kuvvetinin arttig literatiirde yapilan ¢alismalarda belirtilmektedir [9,12,22].
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Tablo 6. itme kuvveti icin deneysel ve FEM destekli sanal simiilasyon calismasi sonuglari (Experimental and FEM supported virtual

simulation study results for thrust force

Analiz Fz Deneysel Fz
D%I:)ey itme itme lzuvveti % ‘:)il;lr?flm
Kuvveti (N) (N)
1 774,63 787,55 98,36
2 767,76 990,62 77,50
3 1246,75 1532,64 81,35
4 726,79 813,16 89,38
5 1033,00 1390,91 74,27
6 1026,53 1272,61 80,66
7 1051,42 1557,20 67,52
8 807,72 1151,60 70,14
9 882,40 1237,07 71,33

Deneysel calismadan ve FEM destekli sanal simiilasyon calismalarinda elde edilen itme kuvveti
verilerinin karsilastirilmasi Sekil 3.’te verilmistir. Bu sekil incelendiginde deneysel ¢alisma sonuglari
ve FEM destekli sanal simiilasyon sonuglarinin benzer bir dagilim gosterdigi goriilmektedir. -10° yarik
talas acisi ile yapilan deneylerden elde edilen itme kuvveti sonuglarinin diger yarik talas agilarina gore
daha yiiksek sonuglar verdigi goriilmektedir.

B Analiz Fz itme Kuvveti (N) m Deneysel Fz itme Kuvveti (N)

1 2 3 4 5 6 7 8 9

Deney Numarasi

1900
1700
1500
1300
1100
90
70
50
30
10
-100

itme Kuvveti (N)
S & & &

o

Sekil 3. Deneysel ve FEM destekli sanal simiilasyon itme kuvvetleri kiyaslamasi (Experimental and FEM-supported virtual simulation
thrust comparison)

Taguchi L9 ortogonal dizinine gore yapilan deneysel ¢alismadan elde edilen veriler istatiksel olarak
ANOVA ile incelenmistir (Tablo 7). Yapilan ANOVA analizinden elde edilen sonuglar %5 (0,05) giiven
araligina gore degerlendirilmistir. Elde edilen P degerlerinin tiimiiniin %5’lik giiven araligindan biiyiik
oldugu goriilmiistiir. Fakat etki oranlarina bakildiginda hatanin etkisinin diger parametrelerden daha
kiiciik oldugu goriilmiistiir. Burada yarik talas agisinin etkisinin %63,78, ilerleme miktarinin etkisinin
%20,32, kesme hizinin etkisinin %11,18 ve hatanin etkisinin %4,72 oldugu goriilmektedir.

Tablo 7. itme kuvveti sonuclarinin ortalamalari icin Varyans Analiz sonuglari (Analysis of Variance results for the averages of the thrust
force results)

Serbestlik Kareler Kareler

Kaynak Derecesi Toplam Ortalamasi F P Etki
Vc 2 72329 36164 2,37 0,297 11,18
fn 2 131360 65680 4,3 0,189 20,32
Ya 2 412536 206268 13,5 0,069 63,78

Hata 2 30553 15276 4,72

Toplam 8 646777 100

[tme kuvveti icin ANOVA sonuglarindan elde edilen etki grafigi (Sekil 4.) “En kiigiik deger daha iyidir.”
yaklasimiyla incelendiginde itme kuvveti i¢in optimum sonuglarin 80 m/dk kesme hizi, 0,15 mm/dev
ilerleme miktar1 ve 0° yarik talas agis1 oldugu goriilmektedir. ANOVA sonuglarinda her ne kadar
parametrelerin etkisinin olmadig1 goriilse de etki grafigi incelendiginde optimum sonuglarin diger
parametrelere gore bir etkisinin oldugu gorilmistiir.
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Sekil 4. Deneysel ¢alisma i¢in itme kuvveti etki grafigi (Effect plot of thrust force for experimental study)

AISI 4140 1slah celiginin deneysel olarak delinmesinden ve FEM destekli sanal simiilasyon
calismalarindan elde edilen delme momenti sonuglari Tablo 8’de verilmistir. Burada FEM destekli sanal
simiilasyon c¢alismasindan elde edilen sonuglar deneysel ¢alismadan elde edilen sonuglar ile
kiyaslandiginda %90 ile L8 numarali deneyin en yiiksek dogruluk oranini verdigi goriilmektedir. En
disiik sonucun %68,47 ile L3 numarali deneyden elde edilmistir. Yapilan FEM destekli sanal
simiilasyon c¢alismasi delme momenti tahmini i¢in en diisiik %68,47 sonug verecegi goriilmektedir.
ilerleme kuvvetinin artmasiyla delme momentinin arttig1 literatiirde yapilan ¢alismalarda belirtilmistir
[1,9,25].

Tablo 8. Delme momenti i¢cin deneysel ve FEM destekli sanal simiilasyon ¢alisma sonuglari (Experimental and FEM supported virtual
simulation study results for drilling torque)

Analiz Mz Deneysel Mz

D (%)
eney Delme ) Delme ) Yaklagim
No Momenti Momenti oran

(Nm) (Nm)
1 3,40 2,57 132,25
2 5,25 4,42 118,74
3 6,32 4,33 146,04
4 3,17 2,25 140,89
5 5,63 4,21 133,61
6 6,19 4,29 144,19
7 3,34 4,35 76,78
8 4,99 4,52 110,51
9 5,75 4,25 135,35

3.2. Delme Momentinin Degerlendirilmesi (Evaluation of Drilling Moment)

Delme momenti i¢in olusturulan kiyaslama grafigi (Sekil 5.) incelendiginde itme kuvveti sonuglarinda
oldugu gibi benzer bir artis ve azalis gosterdigi gorilmektedir. FEM destekli sanal simiilasyon
sonuglarinin deneysel calismadan daha yliksek cikmaktadir. Delme momenti i¢in 0,3 mm/dev ilerleme
miktari ile yapilan deneylerden daha ytiksek bir sonug elde edilmistir.
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Sekil 5. Deneysel ve FEM destekli sanal simiilasyon delme moment sonuglarinin kiyaslanmasi (Comparison of experimental and
FEM supported virtual simulation drilling torque results)

Deneysel calismadan elde edilen delme momenti sonuglarina gére Varyans analiz sonuglari Tablo 9.'da
verilmistir. Analiz sonuglari incelendiginde elde edilen P degerlerinin %5 (0,05) giiven araligindan
bliylik oldugu goriilmektedir. Fakat etki yiizdelerine bakildiginda ilerleme miktarinin %55,94, kesme
hizinin %17,07, yarik talas agisinin %12,09 ve hatanin %14,90 etkisinin oldugu goriilmustiir.

Tablo 9. Delme momenti sonuglarinin ortalamalari i¢in Varyans Analiz sonuglari (Analysis of Variance results for averages of drilling
torque results)

Serbestlik Kareler Kareler .
Kaynak Derecesi Toplam Ortalamasi F P Etki
Vc 2 10122 5061 1,15 0,466 17,07
fn 2 33169 16585 3,75 0,21 55,94
Ya 2 7161 3581 0,81 0,552 12,09
Hata 2 8837 4418 14,90
Toplam 8 59289 100

Delme momenti i¢in Varyans analizi sonuglarindan elde edilen etki grafigi Sekil 6.’da verilmistir. Etki
grafigi “En kii¢lik en iyidir.” yaklasimiyla incelendiginde AISI 4140 1slah ¢eliginin de en etkili kesme
parametrelerinin 100 m/dk kesme hizi, 0,15 mm/dev ilerleme miktari ve 0° yarik talas agisinin oldugu
gorillmektedir. Kesme hizi agisindan bakildiginda 100m/dk ile 80 m/dk arasindaki fark az iken bu iki
parametrenin 120 m/dk’ye gére onemli bir etkisi vardir. ilerleme agisindan 0,15 mm/dev ilerleme
miktar1 diger iki parametreye gore daha etkilidir. Yarik talas agisindan ise 0° en etkili iken -10° ile
arasinda 6nemli bir fark yokken 10° ile aralarinda 6nemli bir fark oldugu goértilmektedir.

500
—a— Ve —e—Fn —e—Ya |
450
— 400 }
: ‘\/ \/.
o
Z.
N 350 f
=
300 F
230 80 100 120 0,15 0,25 0,3 10 0 -10
Ve (m/dk) fn(mm/dev) Ya(®)

Sekil 6. Deneysel calisma i¢in delme momenti etki grafigi (Effect plot of drilling torque for experimental study)

Deneysel calismadan elde edilen giris bolgesi ve ¢ikis bolgesi ortalama yiizey piirizlilik degerleri
Tablo 10.'da verilmistir. Elde edilen sonucalar Varyans analizi ile degerlendirilmistir. Giris bolgesi
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ortalama yltizey piiriizlilik degerleri incelendiginde ilerleme miktarinin artmasiyla yiizey piirtzliiliik
degerinin arttignr goriilmektedir. Fakat ¢ikis bolgesi degerlerinde yarik talas agisinin da etkisi
goriilmektedir. -10° yarik talas agisi ile yapilan deneylerden elde edilen ytizey piiriizliiliikk degerlerinin
diger iki yarik talas agisi ile yapilan deneylerden fazla oldugu goriilmektedir.

3.3. Ortalama ytizey pirizliliglinin degerlendirilmesi (Evaluation of Average Surface Roughness)

Giris bolgesi ortalama ytizey piiriizliiliik degerleri i¢in yapilan Varyans analizinin sonuglari Tablo 11’de
verilmistir. Elde edilen P degerleri %5 (0,05) giiven araligindan yiiksek olduklar1 goriilmektedir. Etki
oranlar1 hesaplandiginda kesme hizinin %9,36, ilerleme miktarinin %62,75, yarik talas agisinin %8,04
ve hatanin %19,85’lik orana sahiptir. Hatanin yiliksek ¢ikmasi deneysel c¢alismanin Taguchi L9
ortogonal dizinine gore yapilmasidir. Varyans analizi sirasinda ara degerlerin olmamasi kesme
parametrelerinin birbirleriyle olan etkilerinin incelenmesine olanak vermemektedir. Bu yiizden hata
orani yiiksek ¢ikmaktadir.

Tablo 10. Ortalama yiizey piuriizliiliikk sonugclari (Average surface roughness results)

Deney No Vc(m/dk) (ml:/ndev) Ya(®) Giris (um) Cikis (nm)
1 80 0,15 +10 0,346 0,374
2 80 0,25 0 0,857 0,929
3 80 0,3 -10 1,126 1,232
4 100 0,15 0 0,550 0,473
5 100 0,25 -10 0,909 1,047
6 100 0,3 +10 1,360 1,583
7 120 0,15 -10 0,986 1,572
8 120 0,25 +10 0,894 1,375
9 120 0,3 0 1,045 1,258

Tablo 11.0rtalama yiizey piirizliliigi (giris bolgesi) sonuglarinin Varyans Analizi (Variance analysis results of mean surface roughness
(entry zone))

Serbestlik Kareler Kareler

Kaynak Derecesi Toplam Ortalamasi F P Etki
Vc 2 0,06768 0,03384 0,47 0,68 9,36
fn 2 0,45364 0,22682 3,16 0,24 62,75
Ya 2 0,05805 0,02903 0,4 0,712 8,04

Hata 2 0,14352 0,07176 19,85

Toplam 8 0,72289 100

Giris bolgesi ortalama yiizey piiriizliligi i¢in elde edilen etki grafigi (Sekil 7) incelendiginde 80 m/dk
kesme hiz, 0,15 mm/dev ilerleme miktar1 ve 0° matkap yarik talas agisinin “en kiiciik en iyi”
yaklasimina gore en etkili parametreler oldugu goriilmektedir. Kesme hizi icin bakildiginda 80
m/dk'nin diger iki kesme hizina gére daha etkili olmakla beraber 100 m/dk ve 120 m/dk kesme hizlar1
arasinda énemli bir fark olmadig1 goriilmektedir. ilerleme miktar1 agisindan ise her ii¢ ilerleme
miktarinin arasinda 6nemli bir fark oldugu goriilmektedir. Yarik talas agis1 bakimindan ise 0° ve -10°
derece arasinda onemli bir farkin olmasi fakat bu iki degerin +10°den daha etkili oldugu sdylenebilir.

1,3 -V —a—Fn —o—Ya
1,2 |
1,1 |
1 F
Eﬂ’g i
0.8
~
0,7 +
0,6
0’5 80 100 120 0,15 0,25 0,3 10 0 -10
V. (m/dk) f, (mm/dev) Ya(°)

Sekil 7. Giris bolgesi ortalama yiizey piirtzliliigi etki grafigi (Entry zone average surface roughness effect plot)
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Cikis bolgesi ortalama yiizey piiriizliiliigii Varyans analiz sonuglari Tablo 12’de verilmistir. Elde edilen
P degerlerinin %5 giiven araligindan yiiksek ¢iktigr goriilmektedir. Etki oranlari incelendiginde
ilerleme miktarinin %33,5, kesme hizinin %30,46, yarik talas acisinin %17,31 ve hatanin %18,73

etkiye sahip oldugu goriilmektedir.

Tablo 12. Ortalama yiizey puriizliligi (¢ikis bolgesi) sonuglarinin Varyans Analizi (Variance analysis results of mean surface roughness
(exit zone))

Serbestlik Kareler Kareler .

Kaynak Derecesi Toplam Ortalamasi F P Etki
Vc 2 0,4614 0,2307 1,63 0,381 30,46
Fn 2 0,5075 0,2538 1,79 0,359 33,50
Ya 2 0,2623 0,1312 0,92 0,52 17,31
Hata 2 0,2838 0,1419 18,73
Toplam 8 1,515 100

Sekil 8'de cikis bolgesi icin verilen etki grafigi “En kii¢iik en iyidir.” Yaklasimiyla incelendiginde 80
m/dk kesme hizi, 0,15 mm/dev ilerleme miktar1 ve 0° yarik talas acisinin ¢ikis bolgesi ortalama yiizey
plriizliligi i¢in en etkili parametrelerin oldugu goriilmektedir.

1.4 —e—-\Vc —A—Fn —o—Ya

1,2 F

ERR

&

0,8 F

0,6
80 100 120 0,15 0,25 0,3 10 0 -10
V. (m/dk) f,(mm/dev) Ya(°)

Sekil 8. Cikis bolgesi ortalama ylizey piiriizluligii etki grafigi (Exit zone average surface roughness effect plot)

4—.Sonut,‘lar (Conclusions)

Taguchi L9 ortogonal dizinine gore olusturulan deney tasarimi dogrultusunda yapilan deneysel
calismada matkap yarik talas agisinin itme kuvveti, delme momenti, giris ve ¢ikis bolgesi ortalama
ylzey plrizliliigi degerleri lizerine etkileri arastirilmistir. Elde edilen verilerin Varyans analizi ile
degerlendirilmesinde itme kuvveti icin en etkili parametrenin yarik talas acisi, delme momenti, giris ve
cikis bolgesi ortalama yiizey piirtzliliigii i¢cin en etkili parametrenin ilerleme miktarinin oldugu
gorillmektedir. Varyans analizinden elde edilen etki grafikleri “en kiiciik en iyidir” yaklasimiyla

degerlendirildiginde en uygun kesme parametreleri:

e itme kuvveti icin 80 m/dk keme hizi, 0,15 mm/dev ilerleme miktart ile 0° yarik talas acis,

e Delme momenti i¢gin 100 m/dk kesme hizi, 0,15 mm/dev ilerleme miktari ile 0° yarik talas agisi,

e  Giris bolgesi ortalama ylizey piiriizliligii icin 80 m/dk keme hizi, 0,15 mm/dev ilerleme miktari
ile 0° yarik talas acisi,

e  Giris bolgesi ortalama ylizey piirtizliligii icin 80 m/dk keme hizi, 0,15 mm/dev ilerleme miktari
ile 0° yarik talas acis1 en diisiik degerleri veren parametreler cikmaktadir.

Yapilan FEM destekli sanal simiilasyon calismalar1 da farkli yarik talas agilariyla yapilan delme

¢alismalarinda:
e [tme kuvveti igin teorik calismaya gére en yakin %98,36 ile 1 numaral deneyin sanal simiilasyon
calismasi, %67,52 ile 7numrali deneyin sanal simiilasyon calismasi en uzak oranda sonug

vermistir.
e Delme momenti i¢in ise teorik ¢alismaya gore %110,51 ile 8 numaral deneyin sanal simiilasyon

PRINT ISSN: 2149-4916 E-ISSN: 2149-9373 © 2022 Gazi Akademik Yayincilik 603



Cavus, Katmer, Tekaut, Kurt Arifoglu, Gokce & Seker Gazi Muhendislik Bilimleri Dergisi: 8(3), 2022

calismasi, %146,04 ile ise 3 numarali deneyin sanal simiilasyon ¢alismasinin en uzak oranda
sonug vermistir.

Yapilan sanal simiilasyon ¢alismalarinin % yaklasim oranlarina bakildiginda farkl yarik talas agisina
sahip matkaplar ile yapilacak sanal simiilasyon calismalarinin deneysel ¢alisma dncesi yol gosteri
sonuglar vermektedir.
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