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This study suggests a hybrid feature optimization method based on genetic search strategies. It is hybrid
because it can be applied to various texture datasets. An optimal feature extraction vector obtained from the
strongest WT (Wavelet Transform) or 2D-ST (Two-Dimensional Stockwell Transform) [12] features and
then used to define a texture data set. An optimization algorithm based on genetic search adopted to construct
the feature vector. In this optimization algorithm, features obtained from the WT and 2D-ST methods picked
as genes, and the feature vectors formed by these genes considered as a chromosome. Fitness function
calculated to select the strongest feature vector from these chromosomes. This vector used in training of the
classifier to ensure the realization of texture recognition process. In this study, a Multi-Layer Perceptron
(MLP) classifier is proposed for the classification stage of the texture recognition system.

2. THE PROPOSED IMAGE ANALYSIS METHOD

A general architecture of the proposed genetic search based automatic texture recognition system is given in
Figure 1. The whole process includes four stages as below:

Pre-process of the input so image samples are prepared for feature extraction stage.

Feature extraction stage with two different signal processing algorithms.

Feature selection stage uses genetic search to determine useful features among extracted features.

In the final stage MLP classifier predicts texture classes. An easy way to comply with the
symposium paper formatting requirements is to use this document as a template and simply type
your text into it.

Feature Selection

Feature Extraction

Input

Wavelet
Transform

A 4

Output

MLP
Classifier

Evaluation
Selection

A

2D-S Transform

Fig. 1. Four stages of the proposed genetic search based classification system.

In the first stage samples derived from its original texture as sub-images. The size of each sub-image is
64x64. These sub-images are divided into two groups called as training and testing samples. In Tablel texture
samples used for this study are given. Brodatz dataset includes 16 source texture images from the Brodatz
[13] album. The Kylberg [14] texture dataset has some textured surfaces, including fabrics and surfaces of
stone, pictured in the local surroundings. The Outex [15] database stands for University of Oulu Texture
database. This image database contains an extensive collection of textures. The Drexel Texture Database [16],
developed by the Drexel Vision Group at Drexel University, Philadelphia, USA, includes 20 classes of
different materials.

In the second stage feature extraction applied to the processed texture images. This stage includes two
different signal processing algorithms that WT and 2D-ST. In the wavelet transform two-level (L1 and L2)
multi-resolution decomposition method applied to the texture images. Vertical detail (VD), horizontal detail
(HD), diagonal detail (DD) and approximation (App) coefficient matrices obtained for each wavelet level.
Feature vectors include the energy and entropy calculations on these coefficient matrices. The 5-level 2D-ST
method applied to the same texture image. Energy and entropy calculations from the transform phase used to
construct horizontal (vx) and vertical (vy) frequency coefficient matrices. Feature vectors are created for each
texture images. Many features of the texture images are located into these vectors. 14 of these features are
obtained from WT and 40 from 2D-ST. Feature vector includes total 54 features.

Feature selection process determines useful features among these features. In this stage a robust algorithm
should be selected to eliminate irrelevant features. For this purpose, an optimization algorithm based on the
genetic search [17] used. The genetic structure consists of a population, chromosomes, and individuals. Each
of the 54 features obtained from the 2D-ST and WT methods defined genes of the chromosome structure.
Each chromosome has been coded in a way to have 54 genes. Then MLP classifier used to calculate the
fitness function. Classification accuracy rates and the number of features considered for this fitness function.
Population size is 20, and the number of maximum generations is 50. The most distinguishing features for
texture recognition created at the end of feature selection in the output phase. Therefore, feature vectors at the
output have the strongest genes comprising WT and 2D-ST features and they used in the classification
process.
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Table 1. Datasets used for proposed texture recognition system.

Dataset Name  Number  Number of Data Texture Samples
Class Train Test

Brodatz 320 ......-.

- ........

Outex 24 625 6

Kylberg 25 600 600 E

o ) B " ==========

The final stage of the proposed method is the classification of texture images. Classification algorithms
can be differentiated according to their usage. In this study, MLP classifier is used for the predicting texture
classes. The parameters used for the MLP classifier tuned as a number of hidden layers =15, learning rate=
0.2.

3. CLASSIFICATION RESULTS

To validate the proposed method four different texture databases used for classification. First, the feature
extraction method applied to each of the texture datasets. Then, feature selection applied to the feature vectors
which are gathered from the feature extraction stage. Figure 2 shows the selected features for the four datasets
by using the genetic search algorithm. Minimum chromosome length is five genes, and maximum
chromosome length is fifteen genes. These genes indicate different features of the images given in Table 2.

Data Set Chromosomes

Kylberg Ga | G7 || Gis [| G2o [| G31 || G34 [ G3s [| Gzs || G3o || Gao [| Ga3 || Gas G49u

Gso Gsz} N=15

Outex Gs Gis || Gas || Ga1 || G3s m Gsz || Gs3 } N=7

Gas || Gss } N=5

Drexel Go G3s G39 Gas Gs1 } N=5

Brodatz Gs Gis || Gzo u

Fig2. Selected features for performance evaluations.

These selected features used to train the MLP classifier. After the training step, test data applied to the MLP
classifier. In Table 3, the classification results obtained by the proposed classification method are given.
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Table 2. Features of the genes.

Gene Feature Method Gene Feature Method Gene Feature Method
Ga Engy Px=4 ST G29 Entr Py=4 ST Gus Entr L1-VD WT
Gs Engy Px=5 ST Gat Engy Py=-1 ST Gag Engy L2-VD WT
G7 Entr Px=2 ST Gas Engy Py=-4 ST Gso Engy L2-DD WT
Gs Entr Pyx=4 ST Gss Engy Py=-5 ST Gs1 Entr L2 App WT
Gis Engy Px=-5 ST Gas Entr Py=-3 ST Gs2 Entr L2-HD WT
Gie Entr Px=-1 ST Gao Entr Py=-4 ST Gs3 Entr L2-VD WT
G2o Entr Px=-5 ST Gao Entr Py=-5 ST Engy: Energy of feature ~ Px: Phase x
Gas Entr Py=3 ST Gas Engy L1-DD WT Entr: Entropy of feature  Py: Phasey

Table 3 combines test results performed with all features and test results performed with only selected
features. For the Brodatz dataset the proposed feature selection based algorithm shows a very good
performance in terms of required time to build the model and accuracy.

Table 3. Results from performance evaluation of the recognition system.

All Features Selected Features
Database Accuracy Time to Feature Accuracy Time to Feature
Build the Size Build the Size
Model Model
Brodatz 100% 9.1 Sec 54 100% 1.5 Sec 5
Kylberg 94.24% 23.52 Sec 54 93.04% 8.4 Sec 15
Qutex 99.66% 21.85 Sec 54 97.55% 5.39 Sec 7
Drexel 99.00% 16.25 Sec 54 98.60% 3.19 Sec 5

The accuracy rate decreased a little for other datasets but model building time compensate this with its high
performance. Feature vector is reduced to 10% level. The optimization of this vector is important criteria for
storing image data.

4. CONCLUSIONS

In this study, a hybrid feature optimization method based on genetic search strategies is introduced to texture
image classification. The proposed method uses WT and 2D-ST signal processing methods on image data to
obtain feature vectors which contains 54 different features. A genetic search based strategy used for feature
selecting best features from this feature vector. MLP classifier is selected for calculating the fitness function
and it is also used at classification stage.

The proposed method applied to four different texture datasets. Experiments indicate that genetic search
strategy reduces the size of feature vectors which is beneficial for the processing time. Secondly, the
optimized feature vectors showed high accuracies in the classification. The main advantage is seen as a cost
reduction in the computation time and storage usage size. For future work, the accuracy can be improved by
using advanced evolutionary algorithms.
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2. THE OVERALL PROCESS OF THE PROPOSED METHOD

The evolutionary multi-class similarity detection algorithm detects communities in databases which contain a
lot of classes. In Figure 1 general steps for the proposed method is given. There are three major parts of this
method: data processing, feature extraction and evolutionary community detection.

In the pre-processing step, there are two processes to prepare the image data. The first one is to adjust size,
and the second one is to derive sub-images. Then, Discrete Orthonormal Stockwell Transform (DOST)
feature extraction method applied to processed image data. This method is used to generate feature vectors for
classification. These vectors become the input for fitness function calculation. The initial population is
randomly generated, and the fitness function is calculated for every individual member of the initial
population. The LS-SVM classifier is used for fitness function calculations.

Pre-Processing| | Initalize Communites

l Evaluate Fitnes Function
Feature —| Using With LS-SVM
Extracion Classifier

Image
Database

Select community

Crossover | no
&
Mutation

Termination ?

Best communities

Figure 1. General steps for the proposed method.

The proposed multi-class community detection algorithm takes classification results as a decision matrix to
detect communities. Elements of the decision matrix denote relations between individuals. In Table 1 a
portion of decision matrix is given where all classes are treated as one community. This matrix has the data
from the experimental study.

Table 1. A portion of the decision matrix.

M Ci1 C2 Cs Cq Cs Cs Cr Cs Cos
Ci 34 13 12 21 1 1 0 1 0
C2 5 74 3 3 0 0 7 2 0
Cs |8 0 49 2 1 0 2 2 0
Ca 1 27 0 49 0 2 0 1 0
Cs |o 0 1 0 84 1 9 0 0
Ce 1 4 1 3 20 33 14 10 0
C7 0 0 2 2 6 0 77 2 0
Cs |0 0 0 0 0 0 100 0
Cs o 0 1 0 0 0 0 0 88

Diagonal elements of the decision matrix show the correctly classified samples. However, the information on
this matrix isn’t limited to correctly classified samples. Other elements reveal critical information about
image classes. These elements represent relations between classes. The higher values imply a closer relation
with the other class. For example M(C1 ,C2) has the value of 13. This means the degree of relation between
C1 and C: classes is 13%. Similarly, M(C1, C7) has the value of 0, and this means there is no relationship
between these classes. The values of decision matrix used to calculate the fitness function. In the genetic
algorithm, members of the population are communities formed from classes. Each gene of a chromosome is a
label for a different class.
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3. EXPERIMENTAL RESULTS

Kylberg [15] texture image dataset is used to demonstrate the validity of the proposed method. In Kylberg
dataset, there are 28 separate texture image classes. Two different community detection experiments are
realized on this dataset. The first experiment is for detecting the close communities, and the second
experiment is for detecting the far communities.

In Table 2 some samples of detected far communities and in Table 3 close communities are given. Every gene
of the genetic algorithm is formed by a texture image and numbers representing that image.

Table 2. Detected far communities.

Community  Chromosome Gene Codes
1 Fiis AR A B 84 4-10-11-17-18-19-26

1-2-3-25-26-27-28

2-11-16-18-20-21-22-
24-26

3-4-6-7-9-20-25-26-27-
28

Table 3. Detected close communities.

Communit Gene
Chromosome

A performance evaluation study is done for testing classification success of community detection on texture
dataset. LS-SVM classifier is used for this purpose. 100 training data is used to train each detected texture
class. 100 sub-images prepared from the same texture data and used as an input to the classifier.
Classification performance of far communities and close communities is presented in Table 4.

It is observed that classifier performance has a very low value as 52.78% when it tries to classify all classes
together. The proposed method has a very high (96.42%) performance for detecting of far communities
because texture images in this community are very different from each other and have different features. In a
similar manner, the classifier performance has a very low value (54.84%) at detection of close communities
because texture images in this community have very similar features.
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Table 4. Classifier performance for the far and close communities.

Far Communities Close Communities
Communities
Number of Data Accuracy Number of Data Accuracy
Class Train Test o Class Train Test 9%
ALL 28 2800 2800 52.78
1 7 700 700 96.28 8 800 800 57.00
2 7 700 700 96.42 8 800 800 62.00
3 9 900 900 95.00 9 900 900 57.66
4 10 1000 1000  95.90 13 1300 1300 54.84

4. CONCLUSIONS

The aim of this paper is to develop an evolutionary community detection method for texture image similarity.
This method detects communities among multiple classes which are obtained from databases with very large
amounts of image data. Kylberg texture dataset is used for the experimental studies. This dataset has 28
different texture image classes. For these texture image classes, far and close communities are detected.
Obtained results reveal interesting information about the formed communities in this multi-class data. Genetic
algorithm and LS-SVM classifier work effectively for this NP-hard problem. The proposed method is a viable
approach for community detection studies by analyzing texture image datasets with plenty of classes.
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Abstract

In this study, boron nitride (BN) was produced by chemical vapor deposition (CVD) method on silicon
carbide (SiC) powders at low temperatures. In order to obtain BN, urea (CO(NH;),) and boric acid
(H3BO3) were used as starting materials and different boric acid/urea ratios (1/1 and 1/3) were studied.
After getting homogenous mixture of boric acid and urea, their reactions were conducted for 3 hours at
1000 °C and 1100 °C under nitrogen atmosphere in a quartz glass reactor. The resulting products were
washed with methanol to remove the residual boric oxide (B,O3). After the removal, characterization of
the products was done by XRD, SEM, EDX and FTIR. The analysis showed that both turbostratic and
hexagonal BN growth could be obtained at 1000 °C and 1100 °C under nitrogen atmosphere.

Keywords: Boron nitride, silicon carbide, chemical vapor deposition.

1. INTRODUCTION

Boron nitride (BN) is one of the most promising material because of its low density, high electrical resistance,
high melting point and excellent thermal conductivity [1-2]. These properties make BN an interesting
candidate as protective material for low friction, electronic, optical and structural applications [3]. BN has
four fundamental crystal structures, including cubic BN (c-BN), wurtzite BN (w-BN), hexagonal BN (h-BN)
and rhombohedral BN (r-BN). c-BN and w-BN have tetrahedral sp® bonding between boron and nitrogen
atoms while the stacking of atomic plane layers composed of sp? bonding between boron and nitrogen atoms
forms h-BN and r-BN. In addition, BN has another crystal structure named turbostratic BN (t-BN) which is
partially disordered structure based on h-BN [4-5].

Silicon carbide (SiC) is a binary compound consisting of carbon and silicon, where each atom is sp®
hybridized and forms four bonds to four other atoms of opposite kind and more than 200 polytypes have
observed and the most common polytypes of SiC are known as 3C-SiC, 4H-SiC and 6H-SiC [6-7].
Polytypism is a variant of polymorphism in which only periodicity along growth axis varies from one
polytype to another leading to different crystal structure due to different unit cell extensions in direction
perpendicular to growth plane [8]. SiC is a semiconductor material with highly suitable properties like high
elastic modulus, high strength, high hardness and excellent thermal and chemical stability for high power,
high frequency and high temperature applications [9-10]. Similar to other ceramic materials, a major
disadvantage of SiC is its brittleness, which often renders them difficult and costly to machine and leads high
machining cost [10]. However, recently SiC has been reported to improve its mechanical property, thermal
shock resistance, oxidation resistance, thermal conductivity and machinability [11-14].

BN production on SiC is usually obtained by chemical vapor deposition (CVVD) [15-16] which can be used for
coatings, powder production and thin film production includes carbides, nitrides, oxides and metals. Although
CVD has several advantages like not restricted to a line-of-sight, high deposition rate and low vacuum, CVD
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has important disadvantages including corrosiveness and toxicity [17-18]. In order to eliminate these
disadvantages nontoxic boric acid (HsBO3) and urea (CO(NH2)2) can be used as precursor [1,11].

2. MATERIALS AND METHODS

The properties of the boric acid, urea, SiC powder, nitrogen gas, methanol and nitric acid are listed in Table
1. Boric acid and urea are used as starting material to obtain BN on SiC powders. The procedure for the BN
production on SiC powder is shown in Fig. 1. At the beginning, SiC powders are cleaned with concentration
of 2M nitric acid solution at 60 °C about three hours and dried at 90 °C for 24 hours to eliminate unwanted
dirtiness. Then, boric acid/urea ratios were selected as 1/1 and 1/3 and these starting materials and SiC
powders were mixed in a porcelain mortar by pestle until a homogenous mixture was obtained. In order to
prepare first sample (Sample 1), 3 g of boric acid and 3 g of urea were used and for the second sample
(Sample 2), 2 g of boric acid and 6 g of urea were mixed.

Table 1. Properties of materials

Material Formula Trademark Purity
Boric Acid H3BO3 Merck >%99,5
Urea CO(NH,), Merck >%99,5
Silicon Carbide SiC Sigma-Aldrich >%97,5
Nitrogen Gas N, Linde >%99.,9
Nitric Acid HNO3 Merck >%65,0
Methanol CH3;0H Merck >%99.,9

Nitric Acid || SiC Powders | Boric Acid

Mixture |+

i
o

Cleaninig ‘ Urea

[ Dons_| sics

Mixture

4

SiC Powders I

Heating

i

Fig. 1. Flowchart of BN production on SiC

After a homogeneous mixture was obtained, the mixture was placed in an oven that contains a quartz reactor
and alumina boat at the active heating zone as shown in Fig. 2. Before heating, N2 was fed into the quartz
reactor for 15 minutes. Rate of the N2 was 10 ml/min and heating rate was 7 °C/min. For the Sample 1, boric
acid, urea and SiC mixture was heated up to 1000 °C for 3 hours and for the Sample 2, temperature was
selected 1100 °C for 3 hours. At the end of 3 hours, the reactor was cooled for 24 hours and throughout
cooling N2 feeding continued at a lower rate. Then, the samples were washed with methanol to eliminate the
residual boron oxide and characterized by scanning electron microscope (SEM), X-ray diffraction (XRD) and
Fourier transform infrared spectroscopy FTIR.
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Fig. 2. Schematic view of quartz reactor.

3. RESULTS AND DISCUSSION

All Fig.3 shows the XRD patterns of Sample 1 and Sample 2. It is seen that in the Fig. 3 for the Sample 1,
there is a broad and weak peak at 26.34° (26) which corresponds to characteristic diffraction peak of the t-BN
and interlayer distance value at that peak is doo2=3,381 A [19]. Since the content of BN is smaller than SiC,
other characteristic diffraction peak of t-BN at 42.4 (20) is not obvious [2].

When the Fig. 3 for Sample 2 was examined, characteristic diffraction peak of t-BN was found at 25.00 (260)
and its interlayer distance is 3.55 A. In addition, there is a peak at 26.46 (20) which corresponds to h-BN
with a interlayer distance of d002=3.37 A [11]. These two peaks shows that BN contains both t-BN and h-
BN. Moreover, characteristic SiC peaks at 34.09°; 35.60°; 38.13°; 41.39°; 45.28°; 54.62°; 59.99°; 65.61°;
70.85° (20) were found. It can be said that increasing reaction temperature and increasing urea ratio result in
the increasing formation of h-BN.
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Fig. 3. XRD results of samples

Fig. 4 shows the FTIR spectrum of the samples. For both samples, there are two strong characteristic peaks
located at 1388 cm™ and 779 cm™. The peaks at 1388 cm™ and 779 cm™ refer to B-N in-plane stretching
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vibration and B-N-B out-of-plane bending vibration, respectively [4]. The present peaks are similar to that
observed for the h-BN and t-BN [20]. The peak at about 2300 cm! for both samples can be attributed to CO2
adsorbed from air. In addition, the peak at between 3000 and 3700 cm should result from O-H stretching
vibration because of the humidity. For the Sample 2, it is more obvious that the sample contains t-BN since
the peak at 1388 cm-1 shifts to slightly higher frequency region and broadens compared to that of h-BN [4].
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Fig. 4. FTIR results of samples

The SEM micrographs of the Sample 1 is shown in Fig. 5 a, and b with magnification of 50.000. These
micrographs indicate that BN particles appear to be rod-like and needle-like [21]. In addition, it can be seen
that there are some loose pebble-like BN structure [22].

MAIAS TESCAN

BARTIN UNIVERSITY

Fig. 5. SEM micrographs of Sample 1 a) 50.000X and b) 50.000X
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Fig. 6 shows the SEM micrographs of Sample 2. When these micrographs were examined, h-BN and t-BN
particles can be easily seen in the honeycomb and flake structure [13].

N B " 4
L X
SEM HV: 3.0 kV WD: 3.22 mm MAIA3 TESCAN|
SEM MAG: 50.0 kx Det: InBeam
View field: 5.53 ym  Date(m/dly): 04721116 BARTIN UNIVERSITY

SEM HV: 3.0 kV WD: 3.22 mm MALIAS TESCAN|
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Fig. 6. SEM micrographs of Sample 2 a) 50.000X and b) 50.000X

4. CONCLUSIONS

h-BN and t-BN were successfully obtained at the surface of the SiC powders in a N2 gas atmosphere with
starting material boric acid and urea. XRD, FTIR and SEM were used to characterize the samples. It was
found that the BN obtained at 1000 °C contains mostly t-BN. When the temperature increased to 1100 °C, it
was observed that amount of the h-BN structure in the obtained BN was increased.
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Kent parklari, peyzaj mimarligi alaninin 6nemli konularindan biri olmast ile birlikte giiniimiizde disiplinler
arasi tasarim alanimin da etkin bir uygulama alanina doniismiistiir. Ozellikle 21. yy kent kurgusu igerisinde
kent parki planlama ve tasarimina yonelik de farkli duruslardan ve bakis agilarindan bahsetmek miimkiindiir.
En genel anlamda kent parklari; barindirdigr islevler ile kentlinin rekreasyonel ihtiyaglarina cevap veren,
kentli ve doga bulugsmalarmni farkli igerikler lizerinden kurgulayan bir yesil alan kullanim bigimidir. Kent
parklari, diger yesil sistemlerle birlikte kent yapisinin olusumunda belirleyici bir faktordiir. Gunimuzde
disiplinler arasi bir tasarim alani olarak degerlendirebilecegimiz kent parki tasarimlarinda proje yarismalari
ile yeni icerikler ve tasarim metotlart kullanilmas ile 21.yy kent kosullarindaki igerik arayislarina alternatif
bir ¢6ziim sunulmaktadir.

Ulkemizde bisiklet kullanimmin ve bisiklet ulasimi igin gerekli altyap: yeterli seviyelerde degildir. Bisiklet
ulagimina ait ilk planlama &rnekleri 1939 yilinda Hermann Jansen’in Mersin’de yaptig1 imar plani ile iliskili
olarak yine ayni y1l Atatiirk Park1 ve Hiikiimet Meydani i¢in yapti1 detay planda siirekliligi olan bir bisiklet
yolunun onerildigi gorilmektedir [1]. Bu detaydan yola ¢ikarak, Jansen’in aymi yillarda yaptigi Ceyhan
(1939), Izmit (1938), Adana (1940), Tarsus (1940) ve Gaziantep (1938) imar planlarinda dogrudan bir
bisiklet yolu gosterimi bulunmamakla birlikte, Onerilen yesil alanlarin detay planlarinda bisiklet yolu
olmasmin hedeflendigi degerlendirilmektedir. Giinlimiizde yerlesik bir bisiklet kullaniminin olmayist,
bisikletin bir ulagim araci olarak goriilmemesi ve bu alandaki ciddi alt yap1 eksiklikleri gibi nedenlerle kent
i¢i bisiklet ulagim oranlari ¢ok diisiik seviyelerde gerceklesmektedir [1].

2.CALISMA ALANI VE YONTEM

Bilecik’te gerek kentle g¢evresindeki mesire alanlart ve yeni yapilan kent parklari arasinda yapilan
yolculuklarda sehir merkezi ile kent parklar1 arasinda arazinin engebeli yapis1 ve giivenli bisiklet yollarinin
olmamas1 nedeniyle bisiklet ulagimi ¢ok yayginlasmamigtir. Adrese Dayali Niifus Kayit Sistemi’ne gore 2017
yilinda Bilecik ili niifiisti 218297 kisidir [2].2017 yili Tuik verilerine gore Bilecik’te 31097 otomobil olmak
lizere 64758 motorlu kara tagiti bulunmaktadir [2]. Kent merkezi ile Universite kampiisii, Pelitézi goleti ve
Karasu Yasam kent parklart arasinda bisiklet ulasimi planlanmasi igin bisiklet yollarinin olusturulmasi
altyapimin bisiklet ulagimina elverigli hale getirilmesi diisiiniilmektedir. Bilecik merkezinde kentin engebli bir
arazi yapisinda olmasi nedeniyle bisiklet ulasimi ¢ok yayginlagsmamustir. Sehir merkezinde bisiklet park
alanlar1 olusturulmasi ve yeni nesil elektrikli bisikletlerin kullanilmasi ile engebeli arazide bisiklet kullanimi
kolaylasacag: planlanmaktadir. Sehirde heniiz planlamasi yapilan ya da uygulanmis bir 6zel bisiklet yolu
mevcut degildir. Bu nedenle, bisikletler karma trafik i¢inde ve giivenli olmayan kosullarda kullanilmaktadir.
Bilecik’te bisiklet kullanimui ile yapilan anket verileri su sekilde 6zetlenmektedir:

* Bilecik’te giin iginde yapilan tiim yolculuklarin %31 bisikletle yapilmaktadir.
* Aragli yolculuklar i¢inde bisikletin pay1 % 6 diizeyindedir.

* Bisiklet yolculuklarinin amaglarma gore dagiliminda en biiyiik payr % 50 orani ile sportif amagh
yapilmaktadir.

* Bisiklet yolculuklarinin genellikle 15 dakika civar siirdiigii ve ortalama saatte 15 km hiz yapildig1 kabulii
ile yolculuklar ortalama 3-5 km uzunlugundadir.

« 10 km ve daha uzun yolculuklarda bisiklet ¢cok fazla tercih edilmemektedir.
* Bisiklet kullananlarin yaridan fazlasi (% 54,4) 15-35 yas grubundadir.

Bilecik’te bisiklet ulagiminin gelistirilmesi ve sorunlarinin ¢dziilmesi igin Oncelikle yerel yonetimlerin bu
konuda ulasim planlamasi ¢aligmalari yapmasi gerekmektedir. Bilecik Bisiklet Plami ile diizenlenecek
bisikletlilerin kullandigi yol alt yapisinda iki farkli nitelikte gelisme Ongodriilmektedir. Bazi yollarda
bisikletler i¢in yol yilizeyinin bir kismui ayrilabilmekte ya da yeni baglantilarla bisikletlerin kullanimina
ayrilmig bir bisiklet yolu agi olusturulmas: disiiniilmektedir. Ancak kentin geri kalan tiim yollarinda
bisikletliler simdi oldugu gibi diger trafikle aymi yol yiizeyini paylasmaktadir. Yapilacak bisiklet ulasim
planinda bir diger dikkat edilmesi gereken faktorde bisiklet seritleri ve yollari ayr1 ayri tanimlanma gerekliligi
bisikletlilerin diger trafikle birlikte kullanmaya devam edecekleri yol sebekesi i¢in genel iyilestirme Onerileri
belirlenmelidir. Bisiklet Plani’nin alt yap1 planlamasindaki temel amag¢ Bilecik’in tiim yollarmin bisiklet
kullanimina uygun ve giivenli hale getirilmesi, fiziksel 6zellikleri yeterli olan koridorlarda bisikletler i¢in ayr1
alt yap1 ayrilmasidir.

Bu calisma da Bilecik’te ki Golpark ve Karasu Vadisi Yasam Adasi kent parklarinda bisiklet kullanimi
acisindan incelemeler yapilmigtir. Bu parklara ait goriiniisler sekil 1°de verilmistir. Bu iki parkin bisiklet
ulagimi planlamasi ile ilgili 6neriler sunulmustur.

2902



Evaluation of the Bicycle Transportation on Bilecik Urban Parks, E.T. Bozkurt, H. Bozkurt

Sekil 1a: Golpark[3] Sekil 1b: Karasu Vadisi Yasam Adasi[3]

3. BILECIK KENTPARKLARINDA BiSIKLET ULASIMI INCELENMESI

Caligsma alanlarimiz olan Golpark ve Karasu Yagsam Adasi’nin genel 6zellikleri degerlendirildiginde; Pelitozii
goleti; Bilecik sehir merkezine 7 km uzaklikta, 660 m rakimda bulunmaktadir. 1980°’li yillarda Koy
Hizmetleri Genel Midiirliigii tarafindan sulama amagh olarak olusturulmustur. 213 hektar alana sahiptir.
Karasu Yasam Adasi Bilecik merkezine 6,1 km uzaklikta bulunmaktadir. Yaklasik olarak 3 hektar alana
sahiptir. Bu parklar Bilecik ilinin engebeli yapisinin da etkisiyle sinirli sayida olan parklarin birer 6rnegidir.
Ozellikle sicakligin arttig1 bahar ve yaz aylarinda halkin sosyallesebildigi, piknik, gezinti, spor yapabildigi
oldukga ragbet goren parklardir [3].

PELITOZU GOLETI MESIRE ALANI BISIKLET YOLU ONERISI

Bisikletlilere kesintisiz bir koridor saglamak iizere planlanan bu bisiklet yolunun, sehir merkezi Bahgelievler
Mahallesi ile Pelitozii goleti arasinda en az 3,0-3,5 metre genisliginde bir bisiklet yolu olusturulmasi
onerilmektedir. Halen bazi teshir yapilarinin, lokanta ve ¢ay bahgelerinin ve park alanlarmm yer aldigi
glizergah, yaya ve bisiklet akimlarina goére diizenlenmemistir. Golet etrafinda hem yiiriiylis hem de bisiklet
yolu olarak tanzim edilen kisimlarin ayrilmast daha giivenli bir siiriis ortami1 olusturacaktir. Hentiz yapimina
baslanmamugtir. Bisiklet planlamasina ait dneriler Sekil 2°de goriilmektedir.

Sekil 2: Golpark bisiklet yolu dnerisi [3]
KARASU YASAM MESIRE ALANI BISIKLET YOLU ONERISI

Bu yol, yaya ve bisikletlerin birlikte kullanacagi bir bisiklet yolu olarak Onerilmistir. Toki toplu konut
alanindan baslayan spor salonu ve yasam parki ile hizli tren garmi birbirine baglayan bir yol olarak
planlanmaktadir. Toki konutlari ile sehir merkezi arasinda devlet yoluna paralel bir yol planlanmasi giivenlik
acisindan 6nemlidir. Sekil 3’de onerilen bisiklet yolu gosterilmektedir.
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Sekil 3: Karasu yasam adas: bisiklet yolu dnerisi [3]

4. SONUC VE ONERILER

Bu caligmada, bisikletin kullanimin kent parklarinda yayginlasmasi amaciyla bir ¢alisma planlanmustir.
Bilecik’te bisiklet kullanimu ile ilgili tespitler su sekilde 6zetlenmektedir:

« Bilecik’te geleneksel olarak olugsmus bir bisiklet kiiltiirii ve aligkanligi bulunmamaktadir. Kiigiik yastan
itibaren bisiklet kullanmaya baslanilmakta ve ileri yaslarda bu aliskanlik azalmaktadir. Bunun baslica
sebepleri arasinda bisiklet ulagimi i¢in engebeli arazi yapisi ve yollarin planlamasinin dar olmasi sayilabilir.

» Kent merkezindeki ¢esitli noktalara yerlestirilecek bisiklet park yerleri sayesinde bisiklet kiralama ve sahsi
olarak kullanicilarin rahatca bu alanlardan faydalanmalari diiiiniilmektedir.

Bilecik’te bisiklet kullanimu ile ilgili ciddi &nerilerin yer aldig1 bir ¢aligma plani hazirlanmasi ve uygulanmasi
icin yerel yonetimlerin destegine ihtiya¢ duyulmaktadir.

Hali hazirda yerel yonetimlerin ulagim planlamasinda su hususlara dikkat etmelidirler:

* Yerel yonetim bisikleti hala bir ulagim bigimi olarak degerlendirmemektedir. Yeni planlanacak imar yollar:
uygulanmasi sirasinda bisiklet seritlerine de bu planlarda yer almalidirlar.

« Bisiklet kullanimmin gelistirilmesi i¢in bir Bisiklet Plani olusturulmali planlama ile ilgili oneriler ve
projeler buna gore uygulanmalidir.

Bisiklet park yerleri, isaretleme ve bisiklet sinyalleri, bisikletlerin toplu tasimla biitiinlestirilmesi, yonetim
yapilanmasi, isletme ve bakim, egitim ve bilgilendirme, orgiitlenme ve katilim ve 6zel projeler bagliklar
altinda yer alan oneriler degerlendirilmelidir.

* Planlamada onerilen bazi yollar sit alanindan ge¢mekte ve bununla ilgili 6nlemler alinmali gerekli izinler
alinmalidir.

Sonug olarak gorilmektedir ki, Ulkemizde bisiklet kullaniminin geleneksel olarak kendine yer buldugu
kentlerde bile, planlama calismalarmin gergege doniismesinde heniiz istenen diizeylere ulagilamamigtir.
Bisiklet kullaniminin 6zendirilmesi igin, bisiklet aginin siirekliligi gozetilmeli ve gerek arazi temini, gerekse
trafik giivenliginin saglanmasinda gerekli tedbirler alinmalidir. Bisiklet kullanicilarinin trafik glivenligi ile
ilgili egitim diizeyleri artirilmalidir.
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Demir esasli matriks kompozitler yiiksek mekanik dayanimlarinin bilesimi nedeniyle genis bir
uygulama alanina sahiptirler. Ara yiizey reaksiyonlarindan kag¢inmak ve ara yilizey uyumlugu
gelistirmek, yiiksek performansl kompozitleri iiretmek igin 6nemli teknikler kullanilmaktadir. Seramik
partikiil takviyeli metal matriks kompozitlerin tiretimleri igin yeni teknikler kullanilmaktadir [2, 3].

Kaplamalarda mikro ¢atlak olusum riski ve diisik plastik deformasyon kabiliyeti, baslica
problemleri olusturmaktadir [4,5]. Slinek malzeme ylzeyine saf toz, tel ya da bunlarin alagimlar
kullanilarak yapilacak kaplama ile ana matrisin c¢atlama riskini azaltmak miimkiindiir [6]. Sert ve
asinmaya direngli bir tabaka elde etmek i¢in uygulanan kaplama yontemleri olarak borlama, karbirleme,
karbonitrurleme, nitrirleme [7], pazma esash fiziksel buhar depolama (PVD) ve kimyasal buhar
depolamayla (CVD) birlikte, yari ergitme ydntemlerinden lazerle [8-9], plazmayla [10-11], toz
puskirtme [12] ve tungsten asal gaz (TIG veya GTA) yontemleriyle yapilmaktadir [13,14].

AISI 1018 c¢eligi iizerindeki bor tabakalart GTAW teknigi kullanilarak gelistirilebilir. Ergiyik
bolgesindeki bor igeriginin yiikselmesi birincil Fe2B boridleri ve az miktarda Ferrit-Fe;B &tektikten
ibaret olan bir hypo 6tektik mikroyapidan yiiksek hypo 6tektik mikroyapiya gegise izin verir [15].

Bor takviyeli metal matriks kompozitler (MMC) matriks alasimlar ile karsilastirildiginda asinma
ozellikleri ve mekanik dayanimlart belirgin sekilde yiikselme gosterirler ve genellikle yumusak
matriksten takviye fazina dogru uygulanan yiikiin dagilimi ve iletimi ile sikistirilma ile olusan basing ve
yiiksek gerilmelere karsi koyma kabiliyetine sahiptirler. Diger taraftan metal matriksli kompozitler
matrikslerle karsilastirildiginda diisiik doviilebilme ve ikinci derece kirilma toklugu sikintilarina sahiptir
ve partikiil takviyeliler genellikle pahalidir, pahali iiretim islemlerinden dolay1 son iiretimin maliyeti de
yukselmektedir. Yiizey modifikasyon teknolojisi, yiiksek doviilebilme ve kirilma tokluguna sahip pahali
olmayan kaba malzemeler ile bir MMC yiizey tabakasinin iistiin 6zelliklerini birlestiren alternatif bir
¢ozlim olarak gelmektedir. Yakin ge¢miste, kompozit tabakalar1 Fe-B-Cr (¢lil faz sistemine uygun CrB
ve Cr,B partikilleri veya Fe-B ikili faz sitemine uygun Fe;B ve FeB kullanilarak ¢eligin ylizeyinde
olusturulmustur [16].

Sert yiizey kaplama alagimlarinin gelisme durumu bir taraftan daha verimli Fe-Cr-C veya Fe-C-B
sistemleri icerirken, diger taraftan daha pahali tungsten karbiir takviyeli sentetik ¢ok fazli kompozitler
bulunmaktadir. Bundan dolayi, bilesiminde bor ve karbon bulunan niyobyum, titanyum ve molibdenli
karmasik Fe-esasli alagimlar en iyi sekildeki matriks 6zellikleri ile ve aginmaya direngli sert fazlarin
farkli ¢okelmelerine gore asinma direncinin elde edilmesiyle 6nemli ilerlemeler saglanmistir [17-18].
Fe-C-X (X=Cr, Mn, W, Mo, Ni, B vs.) alagimlari, yiiksek aginma direnci sergileyen yliizeyler ile sert
yuzey kaplama malzemeleri icin mikemmel adaylardir. Lazer alagimlanmig Fe-C-X kaplamanin
mikroyapisal karakterisazyonu krom konsantrasyonuna bagli olarak, yerinden ¢ikmis ferrit matriksdeki
M-C3z karbiirler veya ikizlenmis Ostenit igneler ve tamamen martenzit fazin olusumu gostermektedir
[19, 20].

Bu arastirmada tungsten inert gaz kaynak yontemi (TIG), AISI1018 ¢eliginin yiizeyi FeB, FeTi ve
grafit tozlar1 kullanilarak kaplanmistir. Kaplanmis yiizeylerdeki faz doniistimleri optik mikroskop (OM)
ve taramali elektron mikroskobu (SEM) kullanilarak EDS analizleri alinmis, X 1ginlar1 (XRD) ile
karbiirler tespit edilmistir.

Bu ¢alismanin amaci; adhesiv aginma aparati kullanilarak FeB, FeTi ve grafit tozlari ile kaplanmig
olan yuzeylerin kuru kayma asinma davranislarini belirlemek ve aginma-sirtinme icin temel verilere
dayanilarak siirtinme katsayisi ve kiitle kaybini iyilestirmektir.
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2. Deneysel Calisma

FeB, FeTi ve grafit tozlarmin karigimlar kaplama malzemesi olarak kullanilmistir. AISI 1018
diisiik karbonlu ¢elik altlik malzemesi olarak kullanilmig, altlik malzemesiyle FeB, FeTi ve grafitin
kimyasal analizleri Tablo 1’ de verilmistir. FeB, FeTi ve grafit tozlarinin dort farkli karsim orani da
Tablo 2’de verilmistir. FeB, FeTi ve grafit partikiilleri ortalama olgiileri 50 pm’ den kiigtiktur.
Partiktllerin homojen karisimini elde edebilmek icin bir mikser ile 1 saat kanstinnlmistir. Elde edilen
karisim sodyum silikat (Na2SiOs3) ile pasta haline getirilmistir. Altlik malzemesinin yilizeyine 3 mm
derinliginde 16 mm genisliginde freze tezgdhinda kanal agilmis, elde edilen pasta bu kanala doldurulmusg
ve oda sicakliginda kurutulmustur. Deney sartlar1 Tablo 3’de verilmistir. Ergimeyen elektrot olarak %2
ThO; tungsten kullanilmis ve nozul ¢apt 11 mm’ dir. Islem parametrelerinin mikroyapiya etkileri
amaglanmustir. Islem sirasinda argon gazi koruyucu gaz olarak kullanilmistir. Numunelerin metalografik
inceleme icin elde edilen kaplamalar enine dik kesilerek 10x10x10 mm 0lculerinde numuneler
hazirlanmig ve numunelerin yiizeyleri 100 meshden 1000 meshe kadar agindirict ile parlatilmigtir. Son
parlatma isleminde 1 um elmas pasta kullanilmigtir. Parlatma isleminden sonra numune yiizeyleri 100
ml HCI, 1 gr pikrik asit ve 100 ml etil alkol karigimi ile daglanmistir. Daglanan numunelerin optik
mikroskop (OM) ve taramali elektron mikroskopu (SEM) ile fotograflari ¢ekilerek EDS analizleri
alinmugtir. Kaplama yiizeyinde olusan karbiirleri belirleyebilmek amaciyla X-ray (XRD) analizleri
yapilmigtir. Kaplamalarin mikrosertlikleri Lecia Q550 cihazi ile kaplama yiizeyinden baslayarak gecis
bolgesine dogru 50 g yiik altinda Sl¢tilmiistiir.

Tablo 1. Takviye malzemelerin kimyasal analizi (%)

Al Ti Si %S Fe B C %P
FeB 0.5 25 0.05 Dig. 18.1 0.5 0.025
FeTi 4 75 0.5 0.03 Dig. 0.03
Grafit 99.9

Tablo 2. Kaplama iglemi i¢in kullanilan malzemelerin karigim oranlari (%)

Numune No FeB (%) FeTi (%) C (%)
S1 90 5 5
S2 80 10 10
S3 70 15 15
S4 60 20 20
Tablo 3. Gaz tungsten kaynak ydnteminin igslem parametreleri
AKkim 120-140 A
Kaynak hiz1 10 cm/dak.
Koruyucu gaz Ar-99.9%
Koruyucu gaz akis hizi 14 1/dak
Ergimeyen elektrot W-2%Th
Elektrot ¢cap: 24 mm

3. Materyal ve Metot
3.1 Mikroyapi Incelemeleri

Daort farkli karbon igerigine sahip FeB-FeTi-C esash kaplanmis yiizey alani sekil 1a’da gosterilen
S1 numunesinin optik mikroyapt ve sekil 1b” de SEM’ de gecis bolgesinden alinan mikroyapilar
gorulmektedir. Kaplamalarin mikroyapisinda sert yiizey, arayiizey, 1s1 tesiri altindaki bolge (ITAB) ve
ana metal gibi bolgeler bulunmaktadir.

Kaplama bélgesinde bor, titanyum ve karbon, kullanilarak oranlar1 tablo 2” de verilmistir. Althik
malzemesinin hemen yakimindaki gecis bolgesi sorbitik perlit adali 6tektik bir yapidan olusan otektik
Ustl bir mikroyapida olusmustur [17,21]. Kaplama bdolgesinde karbiir ve boriirlerden olusan bir doku
mevcuttur. Kaplama boélgesinde dis ylizeyden altlik malzemeye dogru kesit incelendiginde kare ve
yuvarlak sekilli TiC ve Ti,B borlrinin orani artmistir. Mikroyapida, Otektik matriks i¢inde kare fiziksel
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sekilli titanyum bor(rlerlerin olustugu gozlenmistir. Sekil 1b’ de bes bélgeden alinan EDS analizlerinin
yerleri goriilmektedir. EDS analizlerine gdre, birinci ve ikinci bolgede bor ve titanyum gegisi tespit
edilememis karbon gegisi ise yogun oldugu gériilmektedir(sekil 1b). Ugilincii b6lgeden itibaren diisiik
seviyede titanyum gecisi goriilmiis ve besinci bolgeye kadar azalarak devam etmistir. Karbon orani ise
yuzeye dogru orani katlanarak artmistir. Olusan Fazlar ise CFess, FesC,, FesCs demir karbirleri ile
TiC titanyum Kkarbiirii oldugu soylenebilir. EDS analizleri verileri ile XRD sonuglar1 birlikte
degerlendirildiginde EDS analizlerinden varilan sonuclar teyit edilmistir. Sekil 1b’ de gosterilen
bolgelerden alinan EDS analizlerinin sonuglari tablo 4’ de verilmistir.

i , ] ’ = 100pm Electron Image 1
a) : b)
Sekil 1. S1 numunesinde gegis bolgesinden alinan mikroyapilar; a) OM, b) SEM

Tablo 4. Sekil. 1b’ de verilen SEM mikroyapidan alinan S1 numunesinin gegis bolgesi EDS analiz sonuglari

Elementler %
B C Si Mn Fe Ti Cu
1.Nokta - 2.13 0.21 0.79 94.97 - 1.80
2.Nokta - 2.57 0.38 0.69 93.87 - 2.25
3.Nokta - 3.95 0.48 0.71 91.20 | 0.51 3.14
4.Nokta - 4.30 0.37 0.60 92.68 | 0.32 1.72
5.Nokta | 0.14

5.45 0.27 0.88 91.44 | 0.18

w '""

1.65

AT ( X
60pm ectron Image 1

a) b)
Sekil 2. S1 numunesinde kaplamanin orta bolgelerinden alinan mikroyapilar; a) OM, b) SEM

Tablo 5’ te kaplama bolgesinin orta kesimleri incelenmistir. Yapida titanyum karbiirler ve titanyum
boriirler olusmustur. EDS analizleri bor ve karbon elementlerinin tespitinde kesin olarak oranlari
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vermekte yetersiz kalmaktadir. Bu sonuglar XRD analizleri ile birlikte degerlendirildiginde yapida FesB,
FesC, B4C, TiBy, sert fazlarini tesekkiil ettigi belirlenmistir.

Tablo 5. Sekil. 2b’ de verilen SEM mikroyapidan alinan S1 numunesinin orta bolgesi EDS analiz sonuglari

Elementler %

B C Si Mn Fe Ti Cu
1.Nokta - 2.57 0.46 0.68 93.88 0.30 171
2.Nokta 2.10 2.34 0.41 0.64 94.56 0.34 -
3.Nokta 3.21 5.90 0.50 0.66 85.54 0.53 3.67
4.Nokta - 4.33 0.53 0.69 91.43 0.39 -
5.Nokta - 291 0.42 0.64 92.80 0.33 2.90
6.Nokta - 4.56 0.43 0.55 91.62 0.34 2.52

3pm ! Electron Image 1

Sekil 3. S1 numunesinde kaplamanin orta bolgelerinden alinan mikroyapi; SEM X10000

Tablo 6. Sekil. 3° te verilen SEM’ den alinan S1 numunesinin orta bolgesi EDS analiz sonuglari
B C Si Cu Mn Fe Ti
1.Nokta - 3.80 0.54 4.37 0.73 90.27 0.28
2.Nokta 0.87 4.42 0.50 3.84 0.80 89.23 0.35
3.Nokta 6.20 7.70 0.29 3.71 0.73 78.30 0.25
4.Nokta 0.29 3.98 0.49 4.11 0.80 90.08 0.26
5.Nokta 0.48 4.03 0.46 3.11 0.89 90.77 0.26
6.Nokta 2.16 5.10 0.36 2.97 0.76 88.33 0.33

S1 numunesinin orta bélgelerinde dairesel bir faz X10000 biiyiitme SEM fotografi alinarak detayl
bir EDS analizine tabi tutulmustur. SEM fotografi sekil 3°de gOsterilmistir EDS analizleri ise tablo 6’da
veririlmistir. Fe7Cs, TisBas, TiB2s, TiB2 ve TiC’lerin varligi Tablo 6’da gosterilen EDS analizlerinden
anlasiimaktadir.

S2 numunesine ait gecis bolgesi mikroyapt ve SEM fotograflart sekil 4° te verilmistir. Benzer
mikroyapi fotograflar1 S1 ve S2 C’ de goriilmiistiir. Ug farkli mikroyap bolgesi goriilmektedir. Gegis
bolgesine yakin Gtektik yapr katidir, fakat kare ve dairesel sekilli TiC’ lerin yogunlugu kaplamanin
ylizeyine dogru artmaktadir (Sekil 4a, 4b). SEM ve EDS analizlerinden sert fazlarin TiC ve FesC,
oldugu diisiiniilebilir ve S2” de gegis bolgesinin yapisi bir 6tektik faz karigimi yapisidir (Sekil. 4). EDS
analizlerinden altlik malzemeye Ti ve C atomlarinin difiize ettigi sdylenebilir (Tablo 7). Ikinci bolgeden
aliman mikroyap1 fotograflar1 sekil 5 ve EDS analizleri tablo 8’ de verilmistir. Bu bdlgede Fe,B
boridlerinin kiimelestigi soylenebilir.
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! Electron Image 1

a) b)
Sekil 4. S2 numunesinde kaplamanin gegis bolgelerinden alinan mikroyapilari a) OM, b) SEM

Tablo 7. Sekil 4b’ de verilen mikroyapidan alinan S2 numunesinin gegis bélgesi EDS analizleri

B C Si Mn Fe Ti W Cu
1. Nokta - 1.82 0.24 0.81 95.12 0.15 - 1.82
2. Nokta - 1.91 0.32 0.80 94.65 0.47 - 1.80
3. Nokta - 1.97 0.26 0.53 95.12 7.72 2.40 1.86

60pMm ' Electron Image 1 J 3pm ! Electron Image 1
a) b)
Sekil 5. S2 numunesinin orta bolgesi SEM mikroyapilar a)orta bolge b) orta bélgeden alinan X10000

Tablo 8. Sekil 5a’ da verilen mikroyapidan alinan S2 numunesin EDS analizleri

B C Si Mn Fe Ti Cu
1.Nokta 1.95 2.43 0.60 0.68 90.33 2.19 1.81
2.Nokta 1.14 6.48 0.58 0.67 84.35 5.22 1.56
3.Nokta 0.50 2.66 0.60 0.71 92.16 1.73 1.65
4.Nokta 1 5.72 0.54 0.69 84.78 5.28 1.99
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Tablo 9. Sekil 5b’ de verilen S2 numunesinin mikroyapidan alinan EDS analizleri

B C Si Mn Fe Ti Cu
1.Nokta - 1.88 0.51 0.72 90.30 1.30 1.69
2.Nokta - 2.20 0.52 0.66 93.65 1.22 1.75

S3 numunesindeki FesC,, B4C, FeB, TiC, sert faz karigimlarinin mikroyap1 fotograflari sekil 6” da
verilmistir. Bu mikroyapi fotografindan alinan EDS analiz degerleri tablo 7° de verilmistir. Matriks ve
borid tabalarmin ara yiizeyindeki S2 numunesinin mikroyapist sekil 7a’da gosterilmistir. Yiksek
sicaklikta tane sinirlar1 boyunca otektik karisimin sivi alagimi erittigi goriilebilir. Yiiksek sicakliktan
hizli soguma sirasinda bu erimemis bolgeler kalmig ve 6tektik icerisinde ada olugmustur [20]. Diger
taraftan kaplamanin orta kisminda tamamen 6tektik bir mikroyap1 goriilmektedir (Sekil.7b).

- Ioum Ectumag1 ‘
a) b)
Sekil 6. S3 numunesinin geg¢is bolgesinin mikroyapilari a) OM, b) SEM

S3 numunesinin merkezinden alinan EDS analizleri ve mikroyap: fotograflar1 otektik yapiyi
desteklemektedir (Sekil 7a). ilave olarak, 1 noktasindan aliman EDS analizli C atomunun altlik
malzemeye difuze ettigi ancak B ve Ti atomunun difiize etmedigi goriilmektedir  (Sekil 7b). Bor
atomlarinin yogunlugu altlik malzemenin kenarindan kaplamanin ortasina dogru artmaktadir. Bununla
birlikte C yogunlugu yiizeye dogru dengeli bir dagilim géstermekte Ti yogunlugu kaplama ortasindan
yuzeye dogru artmustir(Tablo10).

Tablo 10. Sekil 6b° de verilen S3 numunesin geg¢is bolgesinden mikroyapidan alinan EDS analizleri

B C Si Al Mn Fe Ti Cu
1. Nokta - 4.52 0.43 - 0.09 84.34 1.86 8.10
2. Nokta 7.17 4.20 0.52 - 0.54 76.21 5.30 0.06
3. Nokta 7.24 11.43 0.48 - - 56.36 19.46 6.03
4. Nokta 1.10 8.30 0.25 0.27 0.52 73.77 9.61 5.83
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10pm Electron Image 1 J Gpm ! Electron Image 1
a) b)
Sekil 7. SEM mikroyap1 S3; a) orta bolgesi b) X10000

Tablo 11. Sekil 7a’ da verilen S3 numunesinin mikroyapidan alinan EDS analizleri

Elementler %

B C Si Al Mn Fe Ti Cu
1. Nokta 1.16 3.04 0.65 0.30 0.70 86.90 1.29 5.94
2. Nokta 0.21 2.61 0.66 0.29 055 88.21 1.33 6.14
3. Nokta 21.05 4.03 0.42 - 0.55 53.84 13.51 3.01

Tablol12. Sekil 7b’ de verilen S3 numunesinin mikroyapidan alinan EDS analizleri
Elementler %

B Cc Si Al Mn Fe Ti Cu
1. Nokta 1.20 2.37 0.67 - 0.57 89.08 1.20 4.92
2. Nokta 9.24 3.17 0.66 2.29 0.49 79.21 2.21 4.74
3. Nokta 1.84 2.56 0.70 0.27 0.60 88.64 1.00 4.40
4. Nokta - 2.30 0.67 0.29 0.68 90.96 0.96 4.15
5. Nokta 3.05 2.42 0.66 - 0.65 87.14 1.35 4.73

Matriks ve borlir tabakalarmin ara yuzeyindeki S3 numunesinin mikroyapisi sekil 7a’ da
gosterilmistir. Yiiksek sicaklikta tane sinirlart boyunca 6tektik karisimin sivi alagimi erittigi goriilebilir.
Yiiksek sicakliktan hizli soguma sirasinda bu erimemis bolgeler kalmis ve otektik icerisinde ada
olusmustur [20]. Diger taraftan kaplamanin orta kismindan alinan SEM fotografinda kare sekilli TiC
gorilmektedir (Sekil7b).

Electron Image 1

b)
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Sekil 8. S4 numunesinin ge¢is bolgesinin mikroyapilart a) OM, b) SEM

Tablol13. Sekil 8b’ de verilen S4 numunesinin mikro yapisindan alman EDS analizleri

Elementler %
B C Si Al Mn Fe Ti 0
1. Nokta 1.80 4.23 0.49 - 0.66 86.32 0.72 5.79
2.Nokta 1.48 7.00 0.50 0.25 0.56 80.69 4.31 5.21
3.Nokta 5.10 7.26 0.50 0.22 0.52 73.19 8.02 5.18
4.Nokta 4,52 6.55 0.54 0.30 0.41 74.10 6.59 6.31

S4 numunesinin gecis bolgesinden alinan EDS analizleri ve mikroyapi fotograflar 6tektik yapiy1
desteklemektedir (Sekil 8a). Ilave olarak, 1 ve 2 noktasindan alinan EDS analizi B ve C atomunun altlik
malzemeye yogun bir sekilde difuze ettigi Ti’nin ise siurl difuze oldugu goriilmektedir  (Sekil 8b).
Yiizeye dogru bor, karbon ve titanyum atomlarinin yogunlugu biiyiik oranda artmaktadir.(Tablo13).

30pm ! Electron Image 1 T dum Electron Image 1

a) b)
Sekil 9. SEM mikroyap1 S4; a) Orta bdlgesi b) X15000

Tablol14. Sekil 9a’ da verilen S4 numunesinin orta bélgesi mikroyapi fotografindan alinan EDS analizleri

Elementler %
B C Si Al Mn Fe Ti o)
1. Nokta 1.70 2.99 0.80 0.45 0.60 92.54 0.91 -
2. Nokta 10.64 5.19 0.24 - 0.67 75.67 1.76 5.86
3. Nokta 1.50 5.32 0.67 0.37 0.57 78.11 3.14 9.28
4. Nokta 0.46 4.24 0.78 0.49 0.60 88.67 4.75 -

S4 numunesinin orta bolgesinden alinan SEM fotografi sekil 9a da EDS analizleri tablo 14 te verilmistir.
Diger taraftan kaplamanin orta kismindan alinan X15000 biiyiitme SEM fotografinda sorbitik bir
mikroyap1 goriilmektedir (Sekil 9b). Bu bolgenin EDS analizleri Tablo14’te verilmistir. B, C ve Ti
icerikleri dengeli bir dagilim gostermistir. XRD grafikleri ile EDS analizleri birlikte
degerlendirildiginde TiB12, Tiig7Bso titanyum borlrleri, B13C», karbor karbiirii FesC2, Co.osFe1.01,
FesC, Fe7Cs demir karbirleri, VsC7, V4Co267 vanadyum karbdrleri ile B4C bor karbiri

gorilmiistiir.

2913



8th International Advanced Technologies Symposium (IATS’17), 19-22 October 2017, Elazig, Turkey

Tablo15. Sekil 9b’ de verilen S4 numunesinin mikroyapidan alinan EDS analizleri

Elementler %
B C Si Al Mn Fe Ti )
1. Nokta - 1.79 0.66 0.28 0.58 88.92 0.54 6.82
2. Nokta - 2.70 0.74 0.42 0.58 88.05 0.65 6.56
3. Nokta 11.25 5.10 0.15 - 0.72 74.18 1.81 6.78
4. Nokta 0.46 4.24 0.78 0.49 0.60 88.67 4.75 -
5. Nokta 8.70 4.86 0.19 - 0.79 78.00 1.83 5.62++

3.2 XRD incelemeleri

X-ray 1sinlar1 sonuglar1 yiiksek bor, titanyum ve karbon igerigine bagh olarak ¢ok ¢esitli karbiir
tipleri gostermektedir. S1’in XRD sonuglar1 kaplamanin yapisinda, TizsBa, TiB2s, TiB2 Titanyum
borirleri, CFezs, FesCa, Fe7Cs ve Coa4 ve Feiss demir karburleri ile TiC fazlarinin oldugunu
gostermektedir. S2 numunesinin XRD sonuglar1 TisBa, TiB12, TiBss Titanyum bordrleri, TiC,
karburi, FesC2 ve FesC demir karbiirleri B4C ve B13C2 bor karbdirleri FeB ve FesB bortrleri
gOriilmiistiir. S3 numunesinin analiz sonucunda, TiB4 , TizB4 ve TiBss Titanyum borirleri B13C>
bor Kkarbdirleri, FesB borirl veTi fazlan tespit edilmistir. S4 numunesinde CFez.s demir karbdird,
TisB4 TiBi2, TiBss, Tirg7Bso Titanyum bortrleri, B4C ve B13C2 bor karblrleri ile FesB fazlari
belirlenmistir.

1 CFezs

[

2 FesCa
3 FeiCs
4 TisBs
5 TiBzs

o Oy U

6 TiB2

Lin {Counts)

7 TiC

8 Coi14Ferss
\MLJ k ,
: A
_ 2-The :

Sekil 10. S1 numunesinin XRD sonuglari
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12B.C
? 13 FesB
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Sekil 11. S2 numunesinin XRD sonuglar1
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Sekil 12. S3 numunesihin XRD sonuglart

Lin {Counts)

1 CFeas
4 TizBa

9 TiB1z2
10 TiBss
12 BaC
13 FesB
15 B13Cs
18 Ti187Bs0

Lin{Counts)

Sekil 13. S4 numunesinin XRD sonuglari
3.1 Mikrosertlik

3 mm kaplama ylizeyinden 50 g yiik altinda ve 0.5 mm araliklarla 6l¢tlen mikrosertlik degerleri
sekil 14° de verilmistir. Kaplamalarin sertlik degerleri 300 Hv ile 1300 Hv arasinda degismektedir.
Yiiksek sertlik degeri S3 numunesinin XRD grafiginden anlasilacag: iizere icerdigi ¢cok miktarda sert
karbiirlere baglanmistir. Kaplamalar sertlik degerleri ile karsilastirildiginda, gegis bolgesindeki diistik
sertlik degeri bor igerigindeki diisme ile iligkilendirilebilir. Gegis bolgesindeki diisiik bor ve titanyum
icerigi nedeniyle kaplama bolgesindeki fazlar ile karsilagtirildiginda daha yumusak fazlar iretilmistir.
Gegis bolgesindeki bu biiyiik diisiis borid tabakasinin altlik malzemesine iyi difuzyonun olmasinin
avantaji olarak diistintilebilir [15,22]. Altlik malzemesinde 1sidan etkilenen bolgedeki mikrosertlik
degerleri 270 Hv ila 600 Hv arasinda degismekte ve altlik malzemesine dogru ilerledik¢e 250 Hv’ ye
kadar diismekte ve nihai olarak altlik malzemesisin orijinal sertlik degerlerine ulasmaktadir [15].

1400

Mikro sertlik, (Hv50)

0

-2 -15 -1 05 0 05 1 15 2 2,5 3 3,5

Kaplama yiizeyinden althk malzemesine mesafe, (mm)

Sekil 14. Mikrosertlik
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3.4. Asinma

Numunelerin aginma oranlar1 150 N yiik altinda agirlik kaybi olarak arastirilmistir. Sonuglar agirlik
kaybinin 500 metreye kadar yiikseldigini gostermektedir. Artan asinma yolu agirlik kaybinin diistiiglinii
gostermektedir. En az aginma miktar1 S3 numunesinde goriilmiis olup, igermis oldugu yiiksek FeB, FeTi
ve C ile bu elementlerin olusturdugu ¢ok sayida bor, titanyum ve karbona bagli karbiirlerin olusmast
gosterilebilir. Genel olarak her {i¢ numunede de aginma miktar1 750 metre yoldan sonra grafit
tabakalarinin olusumu nedeniyle azalarak yatay bir seyir izlemistir.
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Sekil 15. Asinma grafigi

4. Genel Sonuglar

Ana metalurjik reaksiyon FeB-FeTi-C karisimi tozlarin TIG kaynak islemi sirasinda FeB, FeTi ve
C arasinda olusmustur. Bir¢ok karbdir tipi ve borid tiirleri olugsmustur. CFezs, FesC,, Fe7Cs, TisBa, TiBs,
TiB,,TiC fazlar, S2 numunesinde FesB, FesC, B4C, TiB12, TiBss, FeB, B1sC2, S3 numunesinde, TiBg,
TiBss, Fe3B,B13C,,Ti, S4 numunesinde ise TiBi,, B13Cy, Ti1g7Bso fazlarinin kaplama ylizeyinde
olusmustur.

Deneysel sonuclara dayanarak, GTAW ydntemi ile elde edilen yiizey kaplamada kullanilan alagim
elementlerinin grafit ile birlikte karbon ¢eliginin asinma direncini iyilestirebilecegi sonucuna varilabilir
[23]. Karbon oraninin %5’ ten %20’ ye kadar artarak ilavesi grafit tabakalarinin olusumuna neden
oldugu i¢cin aginma miktar gittik¢e azalmigtir. Bu arastirmada kullanilan aginma testi sonucunda, en az
asinma miktar1 S3 numunesinde goériilmiis olup, yiiksek oranda FeB, FeTi ve C ile bu elementlerin
olusturdugu ¢ok sayida bor, titanyum ve karbona bagli karbiirlerin olusumu gosterilebilir.
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and double-sided joint design was applied. Welding surfaces was prepared by mechanical abrasion using
stainless steel wire brushes to remove oxide film before welding. ER 5183 with 1.2 mm diameter was used as
a filler metal. The used welding parameters were 20—22V voltage, 150—180 A welding current, pure argon as
shield gas (flow rate 12 I/min).

Visual examination was performed in accordance with AWS B1.11M in order to detect possible surface
errors after welding. Angular displacements in butt joints namely distortion was measured. The mechanical
properties of base metal plates and the weld metals were determined by using transverse tensile testing. The
welded plates were cut accordingly standard dimensions (ASTM E8/E8M - 15a) by using laser cutting
machine. The dimensions of tensile test specimen are given in Fig.1.

200
50 82 50
 ~— i
' o
1 N1
IEEE———— ) S——
0 /

Fig.1. Tensile test specimen

At least five specimens used each of welding technique in the tensile tests which were carried out using
Siomm Universal Testing Machine at room temperature. The testing machine was set to crosshead speed
equal to 1.5 mm/ min.

Micro hardness tests were carried out at the cross section of welded plates normal to the welding direction
with a load of 200 g and duration of 15 sec using TMTeck MicroVickers Hardness Tester. The cross-sections
of these joints were grinded and polished before hardness measurements.

3. RESULTS AND DISCUSSION

As a result of visual examination, there were no discontinuities such as porosity, surface cracks and
incomplete joint penetration, detected on weld and base-metal.

Angular displacements were measured after welding to compare the distortions of the welded joints.
Distortions in both TIG and MIG welded plates were acceptable limits. The distortion in TIG welded plates
was higher than MIG welded ones, 12.8 mm and 9.7 mm, respectively.

TIG welding process uses long welding rods and slowly feed them into the weld puddle. However, MIG
welding uses a continuously feeding electrode and is a very fast way of putting down welds [7,8] so the
heated zone is more narrow and also distortion will be lower.

Microhardness measurements were done 1 mm depth of cross-section from the both surface sides (first and
second passes). Fig.2 shows the hardness results as a function of lateral distance from the weld line for each
weld.
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Fig.2. Hardness distributions of TIG and MIG welded joints

Hardness distributions showed characteristic feature for welded joints [3,4,8]. In TIG welded joints (TIG-1
and TIG-2), hardness drops were slightly close to the base metal. The microhardness values changes between
78 and 87 HV200. As expected, the minimum hardness values were detected in the weld zone.

In MIG welded joints (MIG-1 and MIG-2), the microhardness values changes between 80 and 97 HV200 and
the minimum hardness values were in the weld zone, similarly TIG welded joints. While hardness drops were
around 10 % in TIG welding, hardness drops were around 18 % in MIG welding.

Mechanical properties obtained from tensile test are given in Table 1. For base metal (5083-H321), TIG and
MIG welded joints.

Table 1. Tensile test results of base metal and TIG and MIG welded joints.

Yield Strength Tensile Strength % Elongation

[MPa] [MPa]
5083-H321 224 326 16
TIG 159 192 41
MIG 213 313 115

Average yield and tensile strength of the TIG welded joints was 159 MPa and 192 MPa, respectively.
Average yield and tensile strength of the MIG welded joints was 213 MPa and 313 MPa, respectively.
Welding efficiency (the ratio of average tensile strength of welded joints to base metals) of MIG joints was
96 % while TIG ones was 59 %. 5083-H321 is a non-heat treatable, cold worked hardened Al alloy [1,2].

Heat increment during welding process caused the decay of mechanical properties of joints because the
strength mechanism of the alloy is strain hardening. This was confirmed with the hardness measurements of
the welding joints, as seen in Fig.2. In tensile test, MIG and TIG welded specimens were broken from the
weld zones because weld zones were the weakest places in the joints and hardness distributions of joints
verified this theory.

4. CONCLUSIONS

6 mm thick plates of 5083-H321 were welded with TIG and MIG welding technique. Distortion in TIG
welding is much more than MIG welding. Tensile and MicroVickers hardness tests were used to evaluate the
mechanical properties of double- sided welded joints. The efficiency of MIG joints were 96 % which was
favourable for welding procedures. There was no big change in ductility in MIG joints when compare with
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mekanik 6zellikler nedeniyle uygun degildir [4]. Bu nedenle Mg ve alagimlarinin mekanik 6zelliklerinin
arttirllmasina yonelik ¢aligmalar kaginilmaz hale gelmistir. Daha 6nce gelistirilmis baz1 Mg alasimlar yeterli
mekanik 6zellikleri gostermis olsalar da olduk¢a pahali olan nadir toprak elementleri, giimiis, stronsiyum,
skandiyum gibi birtakim elementler igerdikleri i¢in ekonomiklikten uzak olmaktadir. Yeni malzeme
arayisinda ekonomiklik olmazsa olmaz gerekliliklerden oldugu i¢in ucuza mal edilebilen takviye malzemeleri
lizerinde arastirmalar yapilmig olup daha Once metal matris igerisinde takviye malzemesi olarak hig
kullanilmamis olan ve biinyesinde olduk¢a yiiksek oranda SiO2 ve Al203 igeren pomza madeni dikkat
¢ekmistir.

Toz metallrjisi yontemi ile numunelerimizi tiretmek igin kullandigimiz presleme ve sinterleme isleminin ayni
anda uygulandigi sicak pres uygulamasi 6nemli iiretim tekniklerinden biridir. Sicak pres metodunu geleneksel
toz metaliirjisi yonteminden ayiran yonii basing ve sicakligin es zamanli uygulanmasidir. Bu metot sinterleme
yetenegi diisiik olan malzeme {iiretimi i¢in uygun bir yontemdir. Bunun yaninda sivi fazda iiretilmeye elverisli
olmayan malzemelerin elde edilmesi i¢in kullanilan bir metottur. Bu yontem atmosfer kontrollii ya da agik
atmosfer ortaminda yiiksek sicakliga dayanikli sicak is ¢eligi ya da grafit kaliplar yardimi ile yapilmaktadir.
Geleneksel toz metalurjisi yontemine gore sicak pres yonteminin bazi avantajlar1 asagidaki gibidir [5].

»  Sinterleme ve pres islemi eszamanli olarak gergeklestirilir dolayisiyla bir adimli bir {iretim prosesi
s6z konusudur.

» Buyontem ile elde edilen malzemenin teorik yogunluga ulasmasi daha kolaydir.

» Kivileimh plazma sinterleme, sabit basingta yiiksek sicaklikta presleme metotlarina goére bu
metodun maliyeti daha diisiiktiir.

Volkanik faliyetler sonucu meydana gelen pomza ¢ok sayida miko ve makro boyutta birbirinden bagimsiz
gozenek iceren bir kayag tiiriidiir. Hafif bir maden olan pomza mohs skalasina gore 5-6 araliginda sertlige
sahiptir [6].Pomza olusum sekline gore asidik ve bazik olmak iizere iki gesittir, asidik ve bazik pomzanin
yaklasik olarak tespit edilmis icerikleri Tablo 1 de sunulustur [7]. Pomzay1 metal matrisli kompozit tiretimi
icin degerli kilan yonii biinyesinde oldukga fazla SiO2 ve Al203 icermesidir. Yapilan literatiir taramalarina
gore igerisinde yogun miktarda SiO2 ve Al20s3 igeren piring kabugu, cam kiriklari, ugucu kiil [8-10] gibi
malzemelerin metal matrisli kompozit tiretiminde basarili oldugu tespit edilmistir. Bu anlamda pomza
kullanilarak yaptigimiz bu ¢alisma ilk olma 6zelligi tasimaktadir. Pomza genel olarak Insaat, kimya, tekstil,
tarim sektorleri basta olmak {izere bir¢cok alanda kullanilmaktadir. MMK {iretiminde kullanilmaya baslanmas1
ile tilkemizde de hatirt sayilir miktarda bulunan pomza ayrica deger kazanacaktir. Kimyasal ve fiziksel
etkilere direngli olan bu maden 1343°C ergime noktasina sahip olup 760°C’nin altindaki sicakliklarda
herhangi bir hacim degisikligi gostermezken sadece dis yilizeylerdeki liflerde bir burusma gézlemlenmektedir.
Ancak deneysel calisma sicakligimizin da igerisinde bulundugu 550-650 °C sicaklik araliginda pomzada
herhangi bir yapisal bozunma veya parcalanma s6z konusu degildir [11].

Tablo 1. Asidik ve bazik pomzanin kimyasal bilesimi [7].

Kimyasal bilegsim Asidik Pomza Bazik pomza

SiO2 70 45
Al,03 14 21
Fe,03 2,5 7

CaO 0,9 11

MgO 0,6 7
Na,0+K,0 9 8
Ates Kaybi 3 1

2924



Microhardness Behavior of In-Situ Magnesium / Pumice Composites with Different Reinforcement Contents

E. KOSEDAG , T. AYDOGMUS

Diinya tizerindeki pomza rezervlerinin 18 milyar ton civarlarinda oldugu tahmin edilmektedir [12]. Diinya

tizerindeki pomza rezervleri hakkinda kesin bir bilgi olmamakla birlikte tahmini diinya pomza rezervi Maden

Tetkik ve Arama Genel Miidiirliigii tarafindan yapilan arastirmalaria gore Tiirkiye’de yaklasik 2.6 milyar m3

pomza rezervinin oldugu ve bu degerin diinyada bulunan toplam rezervin yaklasik 1/7 si oldugu belirtilmistir.

Ayrica Tiirkiye’deki rezervlerinin ¢ogunun {ilkenin Orta ve Dogu Anadolu bdlgelerinde oldugu saptanmustir.
Turkiye’de bulunan pomza rezervinin dagilimi Sekil 1’de verilmistir [13].

Bu ¢aligmada, hacimce % 3, 6, 9, 12 oraminda pomza takviyeli MMK’lar toz metalurjisi yontemi ile
tretilmistir. Bunun yaninda takviye malzemesi igermeyen saf Mg da, kompozit numunelerle kiyaslama amaci
ile Uretilmistir. Elde edilen saf Mg ve kompozit numunelerin mikro Vikers sertlik degerleri matris ve takviye
bolgelerinden dl¢iilmiis ve bunun lizerine degerlendirmeler yapilmistir. Ayrica numunelerin yogunluklart
6lciilmiis teorik degerleri hesaplanmis ve gézeneklilik oranlari belirlenmistir.

Tirkiye'deki Pomza Rezervinin Dagilimi
(milyon metrekiip)

Nevsehir-Avanos-Urgiip
B Kayseri-Talas-Tomarza
m Bitlis-Tatvan
| Bitlis-Ahlat
Van-Ercis-Kocapinar

¥ Diger

Sekil 1. Tiirkiye’de bulunan pomza rezervinin dagilimi [13].

2.DENEYSEL CALISMA

Bu ¢alismada numune {iiretimleri igin iki ¢esit tozdan yararlanilmigtir. Matris malzemesi olarak Tangshan
Weihao Magnesium Powder firmasindan temin edilen %99.9 safliga sahip ortalama 40um capinda kiiresel
Mg tozlar1 kullanilmistir. Takviye malzemesi olarak pomza madeni kullanilmis olup pomzalar maden
sahasindan toplanip kompozit liretimi i¢in ayristirma, ylizdiirme, 6giitme ve boyutlarina goére ayristirtlmasi
amacityla eleme islemlerinden ge¢mistir.

Yapilan 6n deneylerden sonra numune iiretimi i¢in sinterleme siiresi 1 saat, sinterleme sicakligi 550°C
tretilecek numunelerin pomza takviye oranlar1 da hacimce % 0, 3, 6, 9, 12 olarak belirlenmistir. Isitma hiz
10°C/dk olup sinterleme sicakligina 55 dk da ulasilmis ve bu sicaklikta uygulanan basing altinda 1 saat
sinterleme islemi gergeklestirilmistir. Numune iiretim basamaklar1 kabaca Sekil 2°de sunulmustur. Grafit
kaliplar igerisindeki tozlara 1sitma isleminin baglamasindan sinterlemenin sonuna kadar 50 MPa basing
uygulanmustir.

Uretimi yap1lmis numunelerin matris ve takviye faz1 bolgelerinden mikro sertlik l¢iimleri yapilmstir. Sertlik
6lgiimlerinde matris fazi tane igi i¢in 10 sn siire il 10 gr yiik, takviye bolgeleri sertlikleri igin 10 sn sire ile
200 gr yiik uygulanmistir. Ayrica elde edilen numunelerin yogunluklart Arsimet prensibine dayali ¢alisan
Precisa 321 marka cihaz ile 6lgllmiis ve teorik olarak hesaplanan yogunluklar ile birlikte degerlendirilip
porozite tespiti yapilmustir.
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Sekil 2. Numune iiretim basamaklari.

3.SONUC VE TARTISMA
3.1. Sertlik Analizi Bulgulart

Mg/Pomza kompozitlerinden alman sertlik 6lgiim sonuglart Tablo 2’de verilmistir. Olgiim yapilan
bolgelerden alinmis a) matris igerisi b) taneler arasi c, d) takviye fazindan alinmis goriintiiler Sekil 3’te
sunulmustur. Ayrica elde edilen sonuglarin daha agik goriilebilmesi igin hazirlanmig grafik Sekil 4’te
verilmistir. Bu sonuglar dikkatli incelendiginde elde edilen kompozitler i¢in hem matris igerisinden alinan
sertlik sonuglarinin hem de takviye fazi bolgelerinden alinan sertlik degerlerinin saf Mg’a gore yiiksek oldugu
tespit edilmistirMatristen alinan sertlik Ol¢timleri incelendiginde takviye orani artmasiyla mikro sertlik
degerinde ki artigin %3, %6 ve %9 oranindaki kompozitler arasinda belirgin bir farkin olmadig1 ancak bu
kompozitlerin matristen alinan sertlik degerlerinin %0 a gore artmis oldugu tespit edilmistir. Ayrica %12
oraninda takviye i¢eren kompozit numuneye ait matris bolgesinden alinan sertlik dl¢timiinde dikkate deger bir
artis gozlemlenmistir. Takviye fazlarindan alinan sertlik dl¢limleri artan takviye oraniyla paralel bir sekilde
artmistir. Bu durumun takviye orani arttik¢a matris ile takviye fazi arasinda meydana gelme ihtimali yiiksek
olan Mg2Si ve MgO oranindaki artistan kaynaklandig1 dolayisiyla goriinen yiizey altinda var olan bu takviye
fazlarmnn sertligi arttirdigi tahmin edilmektedir.
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Sekil 3. Mikro Vikers sertlik dl¢iimleri yapilirken a) matris tane i¢inden b) ara yiizeyden c, d) takviye fazindan elde edilen

Mikro Vikers

180,00
160,00
140,00
120,00
100,00

80,00

x

60,00
40,00

x

20,00

0,00

gorintiler.

Olusan Faz

m%0
Mg/Pomza

m%3
Mg/Pomza

B%o
Mg/Pomza

m%9
Mg/Pomza

m%12
Mg/Pomzm

Sekil 4. Mg/Pomza kompozitlerine ait matris ve takviye bolgelerinden okunan sertlik degerleri.
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Tablo 2. Mg/Pomza kompozitlerinin Mikro Vikers sertlik degerleri.

Mikro Vikers 1. Olgiim 1. Olgiim 3. Olgiim Ortalama

Tane Igerisinden

Okunan Sertlik 38,53 38,23 37,61 38,12
g
o§
g
(=2}
>
Ara Yiizeyden
Okunan Sertlik 31,36 33,98 34,79 35,38
Tane igerisinden
Okunan Sertlik 42,81 45,67 51,24 46,57
g
o §
]
[=2)
=
Takviye Bolge5|_nden 73,47 60.24 58,61 6417
Okunan sertlik
Tane Igerisinden
Okunan Sertlik 45,81 43,54 44,37 44,57
g
©§
g
(=2}
>
Takviye Bolgesn_nden 98,64 94 05,71 06,25
Okunan sertlik
Tane igerisinden
Okunan Sertlik 63,58 38,42 42,31 48,10
g
=5
]
[=2)
=
Takviye Bolgesmden 133.12 92.16 67,64 10431
Okunan sertlik
Tane igerisinden
Okunan Sertlik 81,17 76,43 78,11 78,57
g
o E
o8
SS
>
Takviye Bolgesinden 144,81 163.42 15716 15513

Okunan sertlik

3.2.Yogunluk Olciim Bulgulart

Yogunluk Slgiimleri her bir numune i¢in ddrder defa tekrarlanmis olup ortalama degerleri hesaplanmistir.
Uretimi tamamlanmis kompozit numunelere ait yogunluk 6l¢iim sonuglar1 Tablo 3 ve Sekil 5’te verilmistir.
Sonuglar incelendiginde bir saat sinterleme ile iiretilen kompozitlerin teorik yogunluga neredeyse ulastiklar
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sonucuna varilmustir. Beklenildigi {izere takviye orani arttikca kompozitlerin yogunluk degerlerinde bir artis

gozlemlenmistir. Ayrica kompozit numunelerin teorik yogunluk degerleri [(V1*d1)+(V2*d2)]/100 esitligi baz

alarak hesaplanmustir (Tablo 3). Burada V1 ve di1 sirasiyla pomzaya ait hacim orani ve pomza yogunlugu

(2,4gr/cmd), V2 ve d2 sirastyla magnezyumun hacim orani ve yogunlugunu (1,738gr/cm?®) temsil etmektedir.
Bu sonuglara gére numunelerde oldukga diisiik oranlarda porozite tespit edilmistir.

Tablo 3. Mg/Pomza kompozit numunelerinin yogunluk degerleri.

Porozite (%)

Kompozit Numuneler Yg%‘éﬂgk Teoring;%uHIUk
% 0 Mg/Pomza 1,715+0,003 1,738 1,32
% 3 Mg/Pomza 1,728+0,006 1,758 1,71
% 6 Mg/Pomza 1,771+0,003 1,778 0,39
% 9 Mg/Pomza 1,813+0,006 1,798 -
% 12 Mg/Pomza 1,822+0,001 1,817 -

Ortalama Yogunluk gr/cm3

1,85

1,8
1,75
1 ' '

1,65

~

% 0 % 3 % 6 %9 % 12
Mg/Pomza Mg/Pomza Mg/Pomza Mg/Pomza Mg/Pomza

Sekil 5. Mg/Pomza kompozit numunelerinin yogunluk degerleri.

Bu ¢alismada sicak presleme yontemi kullanilarak pomza takviyeli Mg matrisli in siti formdaki kompozitler
tretilmistir. Calismay1 6zgiin kilan boliim pomza biinyesinde yiiksek oranlarda bulunan SiO2 ve Al203’ten
yararlanarak sertlik degerleri arttirilmis kompozitler elde edilmesidir. Toz halindeki matris ve takviye
malzemelerinin sicak pres yardimu ile iiriine doniistiiriildiigii bu ¢calismamizdan elde edilen sonuglar agagidaki
gibidir.

e Yapilan 6n deneyler sonucu 1 saat sinterleme siiresi ile iretilen kompozitlerin yogunluklari

6lciilmiis ve yapilan hesaplamalar ile tam yogunluga neredeyse ulastiklari tespit edilmistir.

e  Yapilan Mikro Vickers sertlik olclimleri sonucu elde edilen verilere gore matris ve takviye
fazindaki sertlik degerlerinin artan takviye oraniyla birlikte arttig1 goriilmistiir.

e  Yapilan yogunluk dl¢iimleri incelendiginde, beklenildigi tizere takviye oran arttikga kompozitlerin
yogunluk degerlerinde bir artig gézlemlenmistir. Ayrica kompozit numunelerin teorik yogunluk
degerleri hesaplanmis ve diisiik oranlarda (%1,8’den daha az) gozenek tespit edilmistir.
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e Pomza ve pomza benzeri malzemeler kullanilarak hibrit kompozit iiretiminin miimkiin olabilecegi
distiniilmektedir.

e  Yapilan literatiir taramast sonucu son yillarda pomzaya yakin icerige sahip olan piring kabugu,
ucucu kiil ve cam kiriklar1 gibi malzemelerin kullanildig: tespit edilmis olup bu tiir malzemelere
yonelerek kompozit malzemelerde maliyeti diisirme acisindan oldukga yararli olabilecegi
diisiiniilmektedir.
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kosullarina yakin olmasma baghdir [2]. Bu konuda yapilan caligmalar genel bir degerlendirmeden
gecirildiginde, Johnson-Cook malzeme modelinin kesme isleminin simiilasyonlarinda daha uygun olarak
kullamildig1 goriilmektir [3-5].

Bu caligmada ise, kesme parametrelerinin takim gerilmeleri, takim-talas ara ylizeyindeki sicakligi ve
takimdaki sicaklik dagilim iizerindeki etkisi arastirilmistir. Bu amagla, HSS torna takimi kullanilarak,
ortagonal sartlarda tornalama islemleri modellenmistir. Model sonuglart degerlendirildiginde sonuglarin
literatiirle oldukga tutarli oldugu goriilmiistiir.

2. MATERYAL VE METOD

Bu ¢aligmada AISI 1045 ¢eliginin tornalanmasi isleminin ANSYS Workbench’de simule edilmesiyle takim
talag ara yiizeyinde ve takimda meydana gelen 1s1l degisimler incelenmistir. Bu amag¢ dogrultusunda malzeme
ozellikleri Tablo 1’de verilen 50 mm ¢apinda ve 10 mm genisliginde is parcasi tercih edilmistir.

Tablo 1. AISI 1045 geliginin mekanik 6zellikleri

Faktor Deger Birim
Yogunluk 7800 kg/m?
Young Modiilt 200000 MPa
Poisson Orani 0,3

Bulk Modiilu 166666 MPa
Shear Moduli 76923 MPa
Akma Dayanim 450 MPa
Ozgiil Isi 4326  Jkg'C?
Ergime Sicakhig1 1459,9 C
Akma Smirinin Baslangici 553,1 MPa

Tornalama iglemi i¢in standart agilara sahip 10x10mm HSS takim kullanilmistir. Sonlu elemanlar
hesaplamalarinda explicit yontemi uygulanmistir. ANSYS Workbench otomatik artis teknigi tarafindan
zaman iterasyonlari kontrol edilmistir. Kesici takim ve is par¢asi modeli 18366 nod, 17525 eleman sayisi ve
0.125mm ortalama eleman boyutuna sahiptir. Kesici takimda tiggen eleman modeli, is pargasinda ise kare
eleman modeli tercih edilmistir (Sekil 1).

0,000 10,000 20,000 (rmrm) g 25,00 50,00 )
5,000 15,000 o e

Sekil 1. Kesici takim ve i§ par¢asina ait mesh modeli

Is parcasma dénme hareketi Sekil 2°deki A noktasi referans olacak gekilde farkli kesme hizlarina denk
gelecek sekilde uygun devir sayilart uygulanmistir. Ilerleme miktar1 Sekil 2°deki B noktasi referans olacak
sekilde Tablo 2’de verilen isleme parametreleri degerlerinde modellenmistir.

Tablo 2. Ortagonal kesme modeli parametre ve seviyeleri

Faktor Seviye
Kesme Hizi (m/dak.) 30-45-60
ilerleme Miktar1 (mm/dev.) 0,3-0,5-0,7
Talas Miktar1 (mm) 1-2-3
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0,00 30,00 60,00 (rarm)
15,00 45,00
Sekil 2. Ortagonal kesme modeli

Talag miktar1 ise Geometri modiilinden takim ile is par¢asinin temas mesafesinin kaydirilmasiyla
saglanmistir. Her bir kesme seviyesi modeli i¢in ayri ayri analizler yapilmis ve karsiliginda takim ile is
parcasinda meydana gelen 1s1l degisimler ve gerilmeler elde edilmistir.

3. SONUCLAR ve TARTISMA

3.1. Kesme Hizimin Sicakhik ve Deformasyon Uzerine Etkisi

Talas kaldirma islemleri siiresince termal ozellikler, takim 6mrii ve deformasyonu agisindan 6nemlidir.
Kesme isleminde olusan yiiksek sicakliklar takimi ve i parcasi ylizey kalitesini etkilemektedir. Mekanik
kuvvetler sonucu olusan 1s1, kesme kosullarina baglidir. Talag kayma bolgesi ve takim talag ylizeyinde
stirtiinmeden dolay1 sicaklik artigt ve bunun sonucu olarak da takim aginmasi meydana gelmekte, takim 6mrii
de azalmaktadir [6]. Kesme esnasinda sicakligi etkileyen en Onemli parametrelerden biri kesme hizidir.
Takim sicakliginin kesme hizi ile degisimi, Sekil 3’de verilmektedir.

Sekil 3. Kesme hizinin sicaklik ve deformasyon artigina etkisi
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Sekil 3’te Imm talas derinligi ve 0,7mm/devir ilerleme miktarinda 36 — 45 — 54 m/dak kesme hizlarina ait is
pargasi, kesici takim sicakliklari ve kesici takim deformasyonlart goriilmektedir. Sekil 3 incelendiginde
kesme hizinin artmas: ile beraber is pargasi ve takim ucundaki sicaklik ile deformasyonun arttig1
gozlenmistir. Burada maksimum kesme hizinda is parcasinda ortaya ¢ikan maksimum sicaklik 826°C ve
kesici takimda ise 1253°C iken maksimum deformasyonu 0,04mm olarak elde edilmistir. Analiz sonuglar1
mevcut literaturle paralellik gostermektedir. Bilindigi tizere kesme hiz1 ile sicaklik degisimi dogru orantilidir.
Yani kesme hizinin artmasi ile sicaklik da artmaktadir[7]. Ciinkii artan kesme hizina bagli olarak birinci
deformasyon bolgesindeki sekil degistirme hiz1 da artmaktadir. Yiiksek sekil degistirme hizi, talas kaldirma
esnasinda yiiksek 1s1 olusumuna neden olmakta ve bu sayede sicaklik artmaktadir[7].

3.2. Ilerleme Miktarinin Sicaklik ve Deformasyon Uzerine Etkisi

Ilerleme miktarina bagh olarak sicaklik degisimi Sekil 4’de verilmistir. Ilerleme miktarmin artmastyla olusan
sicakligin azaldig: biitiin analiz sonuglarinda gézlemlenmektedir. Sekil 4’deki veriler 45m/dak kesme hizi,
3mm talas derinliginde ve sirasiyla 0,3 — 0,5 - 0,7 mm/dev ilerleme miktarlarina aittir. Sol siitunda yer alan
analiz goriintlileri is pargasi sicakligini, sag slitundaki goriintiiller kesici takim deformasyonlarini
gostermektedir. Tlerleme miktar1 arttikca deformasyonun énemli &lgiide degismedigi gozlenmekle beraber
mutlak deger olarak maksimum 0,038mm ile minimum 0,023mm degerler arasinda oldugu goriilmistiir.
flerleme miktarinin takim sicakhigma etkisi daha ¢ok yiiksek kesme hizlarinda ortaya ¢ikmaktadir [7].
ilerleme hizina bagl olarak sicakligin diisiis trendinde olmasi, yiiksek ilerleme hizinin kesme stresini
kisaltarak siirtiinmeden kaynakli 1s1 olusumunu sinirlandirmasi olarak ifade edilmektedir[8].

Sekil 4. flerleme miktarinin sicaklik ve deformasyon artisina etkisi
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3.3. Talas Derinliginin Sicaklik ve Deformasyon Uzerine EtKisi

Talag derinligine bagl olarak sicaklik degisimi ve kesici takim deformasyonu 0,7mm/dev, 36m/dak kesme
hizinda sirasiyla 1 — 2 — 3mm talag derinligine ait analiz sonuglarin1 Sekil5’de gdsterilmektedir. Artan talas
miktarina bagli olarak sicakligin artig gosterdigi buna karsin deformasyonda 6nemli bir degisikligin olmadig1
gozlenmektedir. En yiiksek seviye talag derinliginde hesaplanan 745°C iken en diisiik seviyede ise 584°C’dir.
Talas miktarinin artmasi, kaldirilan malzemeyi is pargasindan ayirmak i¢in daha fazla plastik deformasyon
enerjisine gerek duymasina neden olmaktadir. Bu nedenle ortaya ¢ikan 1s1 enerjisinin de artmig olacagi
diistiniilmektedir.

T

Sekil 5. Talas derinliginin sicaklik ve deformasyon artigina etkisi

4. SONUC

Sonug olarak bu ¢alismada gliniimiizde geleneksel talagli imalat yontemlerinden biri olan tornalama igleminin
ANSYS sonlu elemanlar programinda modellene bilecegi ve buna bagli olarak bu modelleme dahilinde elde
edilen bilgiler 1s181nda asagidaki sonuglar ¢ikarilabilir;

¢ Kesme hizinin artmastyla meydana gelen sicaklik ve deformasyon artmistir.
Ilerleme miktarmin artmastyla meydana gelen sicaklik azalmistir.
Talas derinliginin artmastyla sicaklik artmistir.
Sicaklik artiginda en etkili parametre kesme hizi oldugu goriilmiistiir.
Ilerleme miktarinin ve talas derinliginin secilen degerlerinin takim deformasyonu degisimine
etkisinin pek fazla olmadig1 goriilmistiir.
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e Ticari olarak mevcut yazilimlar i¢cin FEM tabanli simiilasyon modelleri bu isleme prosesleri igin
sicaklik, gerilme, sekil degistirme ve gerinim orani dagilimlarinin ayrintili tahminleri i¢in kullanilabilir.
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2. MATERYAL VE METOT

2.1. Femur Kemiginin 3B Kati Modelinin Olusturulmast

Yapilan calismada Bilgisayarli tomografi (BT) cihazinin 6rnek cekimlerinden elde edilen goriintiiler
kullanilmigtir. BT goriintiilleri 5mm araligi ve 512X512 piksel ¢ozunirlukte paralel katmanlardan
olusmaktadir. Ornek cekim igin pelvis civarindan baslayan ve tibianin bas kismina kadar diz eklemini de
icine alan 351 katmanli bir ¢ekim yapilmistir (Sekill).

Sekil 1. Bilgisayarli tomografi (BT) 6rnek ¢ekimi

BT cekimleri esnasinda elde edilen kesit resimler, gri tonlamaya goére referans malzeme degerlerinin
kullanildig1 gri ton degerlerini iceren piksellerden olugsmaktadir. Pikseller, suyun “0” havanin ise “-1024”
olarak kabul edildigi gri tonlama dereceleri ile Olgeklendirilmistir. Bu olgek Hounsfield dlgegi olarak
adlandirilir. Piksellerin igerdigi mevcut degerlerde Hounsfield (HU) birimi olarak okunur. Kemik, kas ve yag
gibi insan bedeninin 6geleri belirli HU araliklarinda goriintiilenir. Ornegin kas yaklasik 40HU, yag -110HU
kemik ise 200 ile 2000HU degerleri arasindadir.

Sekil 2. Bilgisayarli tomografi ¢ekimlerinden alinan kesit goriintii.

Bu caligmada bir bayana ait hasarsiz bir sag femur kemigi secilmistir (Sekil 1). Bu kemige ait BT
goruntulerinden elde edilen her bir kesit goriintl SolidWorks yazilimma aktarilmistir (Sekil 2). Aktarilan bu
goriintiilerden SolidWorks yaziliminin “Picture Sketch” komutu vasitastyla kesitlerdeki kemik doku sinirlari
hassas bir sekilde belirlenmistir (Sekil 3). Bu iglem her bir kesit goriiniis igin tekrarlanmistir.
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Sekil 3. “Picture Sketch” komutu ile kemik doku sinirlanin belirlenmesi
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Daha sonra elde edilen bu cizimler BT ¢ekim araligi olan 5mm araliklarla Ust Uste dizilerek femura ait bir
ske¢ bulutu olusturuldu (Sekil 4). Bulut olusumu esnasinda kusurlu veya eksik skegler diizenlendi.

Y -m-0-8-
*®

Sekil 4. Solidworks’da Sketch bulutunun olusturulmasi

Skeclerin diizeltilmesinin ardindan “Lofted Boss/Base” komutu ile femurun 3B kati modeli olusturuldu (Sekil
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Sekil 5. Femur kemiginin olusturulan 3B kat: modeli goriintileri.
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2.2. Femur Kemiginin 3B Kati Modelinin Sonlu Elemanlar Analizi

Femur kemiginin sonlu elemanlar analizi icin ANSY'S R15.0 Workbench’de 9577 node, 48281 iicgen eleman
sayisi ile 0,13mm — 10mm arasi eleman boyutlar1 kullanilarak kati model tizerinde Sekil 6’da goriilen ag
orgiisii olusturulmustur.
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Sekil 6. Femur kemiginin sonlu elemanlar analizi icin olusturulan ag 6rgiisii.

Insanin ayakta durus pozisyonuna gore elde edilen smir sartlar1 ve kemigin mekanik 6zellikleri kullanilarak
analiz islemi gerceklestirildi. Femurun alt kismi sabitlenerek kemiginin bas kismindan toplam 700N’luk
eksenel kuvvet uyguland: (Sekil 7). Kuvvet uygulamas: gergeklestirilirken yiiksiiz durumdan 1s’lik zaman
araliginda 700N’a lineer olarak arttirtlmustir.

Sekil 7. Femur kemiginin alt ucundaki sabitleme (soldaki) ve kuvvet uygulama alani (sagdaki).

Ayakta durus pozisyonu ele alindig1 igin tibia kemiginden gelen donme momenti olugsmamistir. Bu nedenle
modele dondiirme momenti uygulanmamigtir. Uygulanan smnir sartlar1 altinda statik sonlu elemanlar analizi
yapilarak elde edilen Von-mises gerilmeleri ve toplam deformasyon degerleri degerlendirilmistir. Maksimum
gerilmenin femurun boyun bélgesinde olustugu goriilmiistiir (Sekil 8).
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Sekil 8. Femur kemiginde olusan gerilme bolgeleri
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3. SONUC VE TARTISMA

Yapilan caligmada bilgisayarli tomografi 6rnek cekimlerinden elde edilen saglam bir femur kemiginin
SolidWorks ¢izim programi ile 3B kat1 modeli olusturulmustur. Elde edilen modelin diisey dogrultudaki BT
cekimlerinin yanisira diger iki dogrultudan da alinmasiyla kati modelin daha hassas olusturulacag:
diistintilmektedir. Elde edilen bu kati model gercek boyutlarda olup uygulanan kuvvet de orta agirliktaki bir
insanin viicut kiitlesinin uyguladigi kuvvete esdeger olarak alinmistir. ANSYS Workbench’de standart sonlu
elemanlar yontemi uygulamasi tercih edilmistir. Yapilan bu analizde femurun boyun kisminda 4,13Mpa
maksimum degerinde gerilme meydana gelmistir (Sekil 9).
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Sekil 9. Femur kemiginde olusan maksimum gerilme bolgesi

Sekil 9’da kirmizi renkte goriilen bu bolge bilindigi iizere kalga kirigi diye tabir edilen femur
deformasyonunun siklikla karsilasildig: bolgedir. Cikarilan bu modelde de bu bdlgenin maksimum gerilme
gostermesi modelin gergege oldukga yakin oldugunu gostermektedir.

Kisiye ozel ¢esitli ortopedik uygulamalarin yanisira protez-ortez tasariminda yol gdstermesi agisindan
gerceklestirilen bu caligmanin oldukca faydali olacagi diisiiniilmektedir. Diger taraftan Ozellikle makine
mithendisligi alaninda mekanik problemlerin ¢6ziimlenmesinde yaygin olarak kullanilan iki yazilimin
biyomiihendislik alaninda da kullanilabilir oldugu goriilmiistiir.
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Abstract

This document is related about a new method how to chat on images at all web sites. Firstly , users
should enter a website and users should login to the application website and then users should load an
extension to their browsers after loading extension to their browsers now users can open new web pages
and at the new web page users should activate chat application then users can chat on any image at any
wehbsite. When the user press on chat button and execute the program calls an application on chat server
and users can chat on image contents at any web site.

Keywords: chat , image contents , personalization , chat on contents , social networking .

1. INTRODUCTION

The Internet has become an important social platform. A lot of users are using the same website at the same
time according to their interests. Personalization is also an important social requirement. According to
personalization regirement to follow up the interested contents at the websites is an important social interest.
To meet with the other users at the same website from different locations is the main purpose of the chat
application. The chat application will help users to contact with the other users on the image contents at the
same website and also will provide real time chat conversation. Also users can create a profile and users can
collect web image contents to their profile also users can invite other members on to an image content.

2. SOCIAL NETWORKING - RELATED LITERATURE
Previous Research On Social Networking Sites

Social Networking is defined as user-generated content and users can load own contents and also can share
other contents [1] . Social Networking sites have become more popular [2].

New generation is strongly interested instant messages and social networking . Also new generation is open
to new experiences on social media [3] . Online platforms are more practical for youth generation to
negotiate and discuss easily as real time with the others [4]. Social networks give more importance to focus
on online content and people behaviours [5]. According to social networking approaches, online
communications platforms are more attractive environments and more closely fit user needs. [6] Online
internet users get active role in co-creating marketing content with companies. Because of that reason
nowadays, also companies try to reach online users to react more people [7].

3. METHODS

To create a method that enables web users to chat on images at all web sites unique methods must be
developed for both client and server side .
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3.1. Client Side Methods

e To enable interaction with a server on every website there must be some javascript code execution
happen at that website of the user visiting.

e To call and execute specific javascript file user must install an excention to their browser that
enables to do that

e  Executed javascript code must listen events of user actions at that website and acts acording to that
actions. For example hovering an image and clicking button.

e Also user must be kept sync with the other users at that website in real time . Solving that problem
websocket based solutions are used.

e  Users every action related to scope of method is synced with other users at that website , this way
users feel real time connection.

3.2. Server Side Methods

e To sync users at the same website a real time web server must be enable to serve real time data to
relevant users

e  There must be a database that allows fast data insert and update , index capabilities
e Web server needs methods that clients can subscribe specific type of event and data .

e  Every client subscribes their unique user data and their current website with their current session .
That way server can server right data to right person .

e  For serving real time data server must have setup that enables none blocking , event driven structure
for many multiple users.

4. RESULTS AND DISCUSSION

System has five main parts to enable social platform on web sites .System depends on live data
transformation and has ability to handle rich and big data at high performance . These parts are , NOSQL
based database , backend server with data transformation layer that handles live data transformation , client
side ,browser extension that enables chat on web contents at any website .

4.1. Database

Database is most important part at a social network. Social interactions that includes , becoming friends ,
notifying users depending on their friends and interests, live data transfer between users , needs database that
has high read , write , update, delete performance and flexible database schema . Social networks generates
high complex relations and nested data types. Even the most simple social network has one to many , one to
one, many to many data types and also nested data types . With sql typed databases creating these relations
and nested data types are not even close to best practice. Sql typed databases has virtual relations and has no
nested data types , also table based schema provides no flexibility.

NOSQL databases answers all of these needs especially at flexibility and performance areas . Also real time
chat on web contents and creating social and live platform at any website needs high performance on reading
and writing data . At this system every user action has value for user recommendation and creating a live
social system .

4.2. Backend Server

Backend server handles user actions , analyzes this values and creates recommendations for users , manages
database and connects backend and with data transformation layer serves data to client side (website ,
browser extension , mobile platforms) . Backend server has to manage live data with high client connections
so this server has non blocking with asynchronous 1/0. Most efficient programing language that supports this
is javascript . Javascript with nodejs that runs on chromes v8 engine.

At data transformation backend serves two type of data to clients. Static content serve with http/https protocol
, json typed data with DDP protocol on websocket (ws/wss). Json type data is standart at javascript language
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and at some NOSQL databases. This way backend , backend , data transformation , client side has same type
of data and converting data is not needed. That helps to improve performance and prevents any data loses or
encoding issues .

4.3 Client Side

Client side of the system contains main website that runs at browsers and mobile applications . Website is a
single page application written with also javascript language that same as backend server. Website has
MVVM (Model View View Model) structure . When first users connects website with browser , server sends
static files like html , javascript ,css to browser. After browser initiates the website , javascript framework
runs and subscribes to live data channels at backend with DDP protocol . With DDP protocol runs on
websocket , there isn’t any unnecessary data at client to server and server to client data transfer. Javascript
framework creates two way binding with html elements and javascript objects .

Matifications

Data Binding ViewModel

Commands

; Presentation Bll-l:ln::ss
ul ul Logu_: Logic d E
(Code Behind) ind Data

Fig. 1. MVVM structure

Framework binds live data to two way binded javascript object . So any data changes at the databases is
instantly shown to users with this method . Also MVVM components based structures helps to reusability of
the created elements , makes it easier to improve and test code .

Change in View
Updates the Model
Change in Model =
Updates the View Vlew

Fig. 2. Two way data binding

Web site lifecycle start with authentication , any time user is logged out , system sends users to authentication
page . After authentication user sees his timeline that includes lava actions that other users taking and react
these actions simultaneously . Users actions creates recommendations for themselves that improves their
experience through the time.

4.4 Browser Extension

To enable users to interact with web contents at any website and with users at that website system browser
extension creates a layer on the website . This layer does not affects the current website structure. It just
listens users actions and sends these actions to server with DDP protocol. Also subscribes to events
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happening at that website . Different browsers has different extension structures but all of them enables
extensions to manipulate DOM (Document object model) of the current website.

Browser extension is installed with users action and can be disabled by users request . Extension works at the
background of the browser and listens the users actions that related to opening new website or navigating to
another website . After browser initiates website extension adds javscript code that will help users to chat on
web content at that website. After this process javscript application listens users mouse events related to web
contents (images,videos) . As seen at the Fig.3.

| NATIONAL GEOGRAPHIC T

Ucak Kazasi Raporu

25 Eylal Pazartesi 22.00

Choose

Fig.3. Browser extension mouse over on content

After hovering content extension gets value related to that content which contains data like total chat
message counts . After clicking Chat button user sees a chat window and extension subscribes to chat events
that is happening related to that content. This way users experiences live chat with just simple mouse action.

5. CONCULUSION

Social networks are most popular applications at the social environment. People tend to reach each other and
make contains and online platform is the easiest way to satisfy this need. But current social network solutions
restricts user and forces user to keep them in a simple application or website . While internet is a free , open
and waste platform keeping people at single application to make them socialize , leads people to feel
restricted and bored. This system enables users to socialize and share their thought with other people while
they can explore internet freely without any restriction.
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gardener, Crystal Palace is the ultimate example showing the lack of interest of architects about new materials
available thanks to technological developments and production systems around 1850s. The Crystal Palace
showed architects and general public of the period how a massive structure could be build out of glass and
iron in such a short time, nine months, as compared to massive stone and brick churches that took decades if
not hundreds of years to construct.

Fig. 1. The Crystal Palace in Hyde Park for Grand International Exhibition of 1851

Still it was not readily accepted by architects that these new materials could be used in their designs as well.
One of the earliest examples of steel columns is in a public library in Paris, Bibliotheque Sainte-Genevieve
(1843-1850). Designed by Henri Labrouste, the building is a representative of how inexperienced and
noncreative architects’ of the period were. They were hesitant and non-imaginative to use the new materials
such as these slender cast-iron columns shaped as sort of Corinthian columns having set on stone pedestals.
From the outside the library just looked like traditional stone and brick buildings without ever indicating the
use of iron columns and beams inside.

Fig. 1. Bibliothéque Sainte-Geneviéve (1843-1850)

The marriage of architectural ideas with new materials made available by the new technologies had to wait
until the pioneers of modern architecture put them into use. Gropius’s glass skyscraper and Le Courbusier’s
idea of undivided glass screens were among some of the first steps. The time gap between the emergence of
modern architecture and the technological innovations of first industrial revolution-mass production of glass
and steel-is about sixty years.

Today we face a similar challenge as the development of new materials and technologies are at an
unprecedented speed. Though there are some architects playing with the possibilities provided by emerging
third industrial revolution, there is not enough focus within architectural discourse on the possible effects and
interplays between architecture and the emerging new era coming with its new economic, social and political
agenda.

This papers aims to initiate a critical analysis of the current situation of discipline of architecture in relation to
the emerging Third Industrial Revolution and speculate on some ideas regarding how the Industry 4.0 might
come into play within architectural agenda. It will first provide a short historical background on the
interrelations between technological developments and architecture before contemplating on the current
situation.
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2. HISTORICAL BACKGROUND

The interrelations of material and technological development and architecture from a historical perspective
could be divided into two distinct periods: Before and after the Modern era, that is before and after the first
industrial revolution. The main reason for this division is the significant economical, social and political
changes that accompanied the transformation from an agrarian and handicraft economy to one dominated by
industry and machine manufacturing. Though architectural discipline defines different historical periods
based not solely but mainly on “stylistic’ issues, in this paper the division of before and after the Modern era
would be more appropriate.

The time period before the Modern era includes Ancient Classical period and Middle Ages where practice
was the key to architecture while architectural education at first involved trial and error problem solving out
of which the apprenticeship and guild system was born [1]. It also includes the time from the Renaissance up
until the emergence of modern architecture even though this is a time when the newly established academies
and later on universities emphasized theory over practice [2] [3] [4]. Architecture was considered mainly as a
craft that aimed for timeless forms. Medieval guilds continued the craft teachings together with their trade
secrets.

During all this time, materials available were stone and brick with a little bit of cement and some iron and
glass here and there. We can safely suggest that architects were maximizing the efficiency of these materials
as exemplified by flying buttresses of Gothic architecture. Especially after Renaissance the designers were
separated from the builders as this new expertise based on theory required more than the craftsmanship.
Brunelleschi’s design for the dome of the Florence Cathedral could be considered very first time for an
architect to declare his value as a designer above the builders.

As structures disparate from each other in time and place such as Ancient pyramids in Egypt and gothic
cathedrals in England, the uniting element of all architecture in this period was the materials available to
construct, i.e. stone and brick. As said before there was some iron and glass and yet since their production
was limited so was their place in architecture.

The availability of new materials for architects to play with came only after the first industrial revolution that
enabled mass production of iron, steel and glass. However, when the technological developments started to
take place after the invention of James Watt’s steam engine in 1765, architects were almost unaware of their
implications for architecture. When social changes started to take place due to the revolution, architects were
busy looking for appropriate ‘style’ for emerging functions such as banks, libraries, hotels, museums, opera
houses, train stations etc. They were discussing which ‘style’ would fit into these new functions based on the
ideals of their newly established nation states.

The architects’ preoccupation with style and lack of interest with the technological developments are reflected
most clearly in the story of the world’s first temporary exhibition building. The world’s first developed
colonial power Britain wanted in 1850 to organize the world’s first expo to showcase the latest technologies
and innovations from around the world: The Great Exhibition of the Works of Industry of all Nations. In
January 1850 a competition was announced and a committee was formed to select the winning design. The
structure had to be as economical as possible and be built before the exhibition was scheduled to open on
May 1st, 1851. Within 3 weeks the committee received 245 entries, all of which were rejected. None of the
designs would satisfy the requirements until a gardener Joseph Paxton, who happened to be in London and
heard about the difficulties, visited Hyde Park where he quickly doodled his famous concept drawing of the
Crystal Palace.

Fig. 3. First sketch for the Great Exhibition Building by Sir Joseph Paxton (1850)
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Paxton was just a gardener who started to work in 1923 at Chiswick Gardens which was leased by the
Horticultural Society from the Duke of Devonshire. Impressed with his abilities in 1826, the duke appointed
Paxton head gardener at Chatsworth House, Devonshire family’s large country house in Derbyshire. Here
Paxton designed gardens, fountains, a model village and an arboretum. He also built a conservatory, known
as the Great Conservatory, and a lily house, specially designed for a giant lily with a design based on the
leaves of the plant.

Paxton’s interest of building greenhouses led him to be interested with the new technological developments
as well. It is known that he was friends with engineers of the period such as Robert Stephenson. Already a
famous gardener of the time, Paxton experimented extensively with glasshouse construction. Using
combinations of prefabricated cast iron, laminated word and standard sized glass sheets, he created the ‘ridge-
and-furrow’ roof designs. In 1836 this system was used for the first time in the ‘Great-Store’ the largest glass
building at the time. [5]

Paxton’s experiments with glass and iron to build greenhouses were reflected in his concept drawing for the
exhibition hall which included all the basic elements of the building. The design was a vastly magnified
version of his lily house at Chatsworth. It was cheap, simple to erect and remove and could be ready quickly.
Its novelty was its revolutionary, modular, prefabricated design and the extensive use of glass. Impressed by
the low cost proposal, the committee accepted Paxton’s innovative plan.

Despite widespread cynicism amongst press and public of the period, when the Great Exhibition opened in
May 1851 it was an enormous success. The satirical magazine Punch named the building as ‘Crystal Palace.”
Crystal Palace resembles a giant greenhouse covering 77,268 sqm area. A total of 3350 cast-iron columns
were used in the building, 1851 of which stood at the longer side representing its construction year. Its glass
walls and roof cover an area of 83,700 sgm. Paxton’s ingenious design created an unprecedented exhibition
space. The construction, acting as a self-supporting shell, maximized interior space, and the glass cover
enabled daylight. The method of construction was a breakthrough in technology and design, and paced the
way for more sophisticated pre-fabricated design. [5]

Between May and October 1851 millions from across both the UK and the world floked to wonder at the
Victorian marvel, firmly planting the building in the public psyche. In October, Paxton was knighted by
Queen Victoria when he got his Sir title was well as architect. By the time exhibition closed its doors, much
of the British public had grown exceptionally fond of their ‘People’s Palace’ and there was great concern that
the temporary structure was about to be lost forever. Luckily, it was re-erected in Sydenham in south London
in June 1854, where it remained until it burned down in 1936.

3. CONTEMPORARY PERIOD

The First Industrial Revolution has been named as such since it indeed revolutionized everything related to
daily living. Since the hunter-gatherers settled and turned into agricultural society up until the invention of
steam engine by James Watt in 1765 the way people lived their life had been almost same. With the advent of
industry and machine manufacturing all aspects of life has changed including art, culture, economy and
politics. The dramatic change for architecture though was not apparent until the Chrystal Palace was
constructed in 1851. Still it would take another half a century for architectural discourse to recognize, accept
and question how architecture should respond to this new era in human history with its all new needs.

Avant-garde architects delved into this question and quite a number of manifestoes had been produced,
named as normative theories. However, it didn’t take long for social and economic problems to face
especially with the 1970s first energy crisis coupled with negative user reactions to new modern architecture.
In response to these problems, there has been another surge of manifestoes as normative theories such as
historicism, regionalism, new modernism and deconstructivism: but also, due to development of positive
sciences, new ‘scientific’ approaches to architecture also started such as environmental psychology, shape
grammars and space syntax. This period after 1970s has come to be known as Post-Modernism in architecture
and it became an umbrella term for all. These approaches are still continuing as most architects are mainly
dealing with stylistic problems and some research into application of new scientific approaches into the
architectural discipline.

Today however, economists, scientists and policy makers in developing countries are talking about the
coming of the fourth industrial revolution, termed as Industry 4.0 in 2011 in the Science Fair in Hamburg,
Germany [6] [7], and the Second Machine Age [8] that not only will redefine the way humans live their daily
life but also the very definition of human beings. Internet and the new renewable energies were the keys for
the Third Industrial Revolution (TIR) that was initiated after the 1970s. Another major development in TIR is
the 3D-printing. This new technology changed the manufacturing process from ‘subtractive manufacturing’
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into ‘additive’ one that will cut down the materials used to produce goods as well as energy used during the
process.

New avant-garde projects are already experimenting with the application of the 3D printing technology. One
of such as project is Amsterdam’s 3D-printed steel pedestrian bridge that spans one of the city’s old canals
[9]. The innovative Dutch construction company Heijman’s Innovation Manager Jurre van der Ven suggests
that we need to start looking at design in a completely different manner since in 3D printing design and
construction operate hand-in-hand. Multi-axis industrial robots will construct the pedestrian bridge using cost
effective and scalable technologies creating an automatic construction site.

Fig. 4. Amsterdam’s new 3D-printed steel bridge

A new Ukrainian homebuilding startup company called PassivDom uses 3D printing robot that prints 20cm-
thick walls, roof and floor of 380 square foot house in about 8 hours. [10] The materials used include carbon
fibres, polyurethane, resins, basalt fibers and fiberglass. The windows, doors, plumbing and electrical systems
are for now added later on by a human worker. PassivDom’s houses are now available for preorder online in
Ukraine and US. Their designer Maria Sorokina adds that the homes also offer the possibility of living off-
the-grid providing an opportunity to live in nature away from civilization but having the traditional house’s
comfortable conditions.

Fig. 5. PassivDom’s the first totally autonomous house in the world even in Arctic climate conditions.

One of the world’s largest architectural firms, Foster and Partners and a UK based 3D printing company
called Monolite have teamed up with the European Space Agency to explore the possibility of using 3D
printing to construct a permanent base on the moon. The buildings would be printed using lunar soil as the
feedstock. The goal is to construct lunar habitats with locally sustainable materials found on the moon in
order to avoid the logistic cost of shipping in materials from Earth.

The developments of Industry 4.0 are way on its way and it will alter many professions and similarly the way
we live including the way we produce goods and the way we use them. The architects are again coming from
behind lacking the discussions on how these developments will influence the design profession. There are
some forerunner architects, futurists we may call them, such as Greg Lynn and recently deceased Zaha Hadid,
but they are only a handful. There are some research going on regarding smart cities, smart houses, zero-
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Where | is the current of the transformer winding, R is the resistance of the transformer winding, PWL is eddy current loss. P is
divided by winding volume V into heat source g, shown as [8]:

O]

The heat of core in dry-type transformer consists of losses. A schematic view of dry-type transformer is shown in Fig. 1. In this
figure, LV and HV denote low voltage and high voltage, respectively.

Fig. 1 Schematic view of dry-type transformer[2]
In figure 1, the heat transfer of core is made with natural convection and radiation on the outer surface.

1.1.Natural Convection

Firstly, the core heat transfer is made natural convection .This heat transfer part is obtained by eq.3 [9].
(©)

is heat transfer rate per unit area at the outer surface (W/m2), h heat transfer coefficient for convection form outer surface
(W/m? K), Ts local temperature of surface (K) and Tair ambient temperature (K).

The outer surface of high voltage acts as vertical plate so, to get the value of heat transfer coefficient, we use the correlations used in
[2] which are given below:

4

)
(6)
)

Where, is Nusselt number, thermal conductivity od air (W/m K), Pr Prandtl number, Gr Grashoff number, g acceleration of
gravity (m/sec?), volumetric expansion of fluid (1/K),  heat flux at location z (W/m?), Z vertical distance (m), kinematics
viscosity of fluid (m%sec) and  dynamic viscosity of fluid(kg/m sec).

The above equations are valid over the Grashoff number in rang 10° < Gr* < 10'? and all the parameters of air are dependent on
unknown temperatures [8, 10].

1.2.Radiation on the Outer Surface

Radiation heat loss has a considerable effect on the total distribution of temperatures in the model. Radiation heat transfer occurs at
outer surface of winding and iron core. It can be calculated as given below [11]:



