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NUMERICAL FLOW-FIELD SIMULATION OF COMPACT SPINNING 
CONDENSING ZONE FOR DIFFERENT AIR PRESSURE LEVELS 
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Abstract 
 

The basic principle of compact spinning is to condense the fiber bundles before the yarn formation 
point and to reduce the spinning triangle. Utilizing negative air pressure is one of the ways to 
condense fiber bundles and pneumatic compact spinning is one of the most widely used compact 
spinning technology. In this study, condensing zone of pneumatic compact spinning with the 
perforated drum was numerically simulated for different air pressures. For this purpose, first, 
essential parts of pneumatic compact spinning, which are air-suction guide, suction insert, and 
perforated drum, were designed with SolidWorks software. Then, all designed parts were 
assembled to simulate the condensing zone of pneumatic compact spinning. A numerical flow 
field simulation was performed on the assembly model for different air pressure levels to 
investigate the effectiveness of air pressure levels on the condensing zone. 20000 Pa, 40000 Pa, 
60000 Pa, and 80000 Pa air pressure levels were used for numerical simulation. Besides two 
reference lines, named R1 and R2, were introduced at both edges of the condensing zone. 
Transverse flow velocity components defined in Z-axis direction, static pressure distribution, and 
streamline diagram were used to compare changing pressure level effectiveness on the condensing 
zone. Results showed that a successful condensing zone was created for all air pressure levels. 
However, between 20000 Pa and 60000 Pa, no dramatic changes were observed in the transverse 
flow components and static pressure levels, but for 80000 Pa air pressure levels, it was seen that 
the transverse flow components decreased by approximately 23%. Using appropriate pressure 
levels for compact spinning might be useful for energy savings and final product cost. 
 
Keyword: Numerical simulation, Compact spinning, Flow-field, Air-suction guide, Suction insert   
 
1. Introduction  
Condensing fiber bundle before yarn formation point decreases the width of fiber as well as the 
structure of spinning triangle, provide better yarn properties [1-2]. Utilizing the negative air 
pressure is one method of condensing fibers besides the twisting roving and mechanical 
compacting [3]. In pneumatic compact spinning with perforated drum, air-suction guide and 
suction insert are the auxiliary parts that divert negative air around the fiber bundle. The structures 
of air slots on these parts are the effective parameter for diverting air and many researchers studied 
the effect of these slots geometry on the condensing zone [4-5]. The structures of these parts have 
been also developed by the technology provider for better yarn properties since the first 
introduction of compact technology (Figure 1). In addition, novel compact technologies were 
developed by modifying these auxiliary parts [4-5]. 
Numerical simulation of flow-field in the condensing zone has been studied for the different kinds 
of compact technologies with computational fluid dynamics which is counted as the most effective 
tool for flow-field simulation [6-7]. In some studies, the effectiveness of auxiliary parts on the 
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Figure 2. Illustration of design parts and assembly model of compact spinning 

In the condensing zone, two reference lines, which are named R1 and R2 were located at the y= -
1 mm and both closer edges of the air-suction guide. Air-inlet pressure was defined as standard 
atmospheric pressure at the air-entry point of the air-suction guide and 20000 Pa, 40000 Pa, 60000, 
80000 Pa air-outlet pressures were defined at the air-exit point on the suction insert. In the 
numerical simulation, flow velocities are comprehensively analyzed in transverse, fiber thickness, 
and fiber transportation direction. In the designed assembled model, Z-axis is the transverse 
direction, Y-axis is the fiber thickness direction and X-axis is the fiber transportation direction. 
Since the changes on the air pressure mostly effective on the transverse condensing zone, flow 
velocity components on Z-axis, static pressure distribution and stream line diagram were presented 
for each of the air-outlet pressure levels. 

3. Results and Discussion
Flow velocity components on the Z-axis direction for different air pressures were illustrated in 
Figure 3. From Figure 3, it is seen that actual flow components on the Z-axis direction show a 
similar trend for the whole condensing zone. It was an expected result, as flow characteristics are 
mostly related to the geometry of the condensing zone parts. However, changing air pressure 
affects the magnitude of flow velocity. For the air pressure for 20000 Pa to 60000 Pa, small 
changes were observed on the magnitudes of flow components on the Z-axis. Increasing air 
pressure to 80000 PA, resulted greater changes in the magnitudes. The mean value of the flow 
components on the Z-axis direction was also presented in Table 1. It is seen from Table 1 that, the 
mean value of the flow components is approximately 49 m/s for 20000 Pa, 48 m/s for 40000 Pa, 
45 m/s for 60000 Pa. For the 80000 Pa air pressure, it is seen that the flow components on both 
reference lines are dramatically decreased by approximately 23% compared to the 20000 Pa. 
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Abstract 
 
Many tests are applied to determine the mechanical properties of fabrics. Elongation at break, 
breaking strength, tear strength, bending strength, which determine the behavior of the fabric under 
the forces affecting in different direction can be given as examples. So many samples must be 
produced to perform these tests. Many mathematical models and statistical methods can be applied 
to determine the relationship between the structural parameters of the fabric and the results 
obtained from mechanical tests. However, due to the complex nature of the textile fabric structure, 
there are many parameters that affect the mechanical properties. Therefore, there are difficulties 
in determining the mechanical properties of the fabric with mathematical models. The explanation 
about the relationship between fabric physical properties and performance can be easily 
determined by means of artificial intelligence techniques. Data mining includes the steps of 
cleaning, integrating, selecting, and transforming data to classify and evaluate the information 
extracted from big data. After these stages, the data is transmitted to databases for analysis and 
inference, then visualized with machine learning technique solutions and made available for 
presentation. Clarity is given to the data so that it can be approached with rules and statistics. 
Statistical methods, genetic algorithms, artificial neural networks, and decision trees are frequently 
used methods for data mining. In this study, the prediction of static tear strength performance from 
woven fabric physical parameters using decision trees regression method was conducted. When 
the results were examined, the tear strength was predicted with 0.97 R2 from the parameters of 
weave type, fabric density, filament fineness and weave direction. 
 
Keyword: Decision tree, Machine learning, Tear strength, Woven fabric Prediction.  
 
1. Introduction  
The textile industry generates and stores a large amount of data. This data includes raw materials, 
machine settings, product quality, and fabric performance characteristics. To process textile data, 
several textile studies have used a variety of classic mathematical and statistical methodologies. 
Traditional methods, on the other hand, are still incapable of recognizing broad and complex 
correlations between data instance attributes, as well as anticipating unknown feature values for a 
new instance. Data Mining (DM) techniques that are used in a variety of technical disciplines have 
lately been used in textile engineering as a result of this challenge. Data mining is a computer 
science and statistics interdisciplinary field with the goal of extracting information from a data set 
using intelligent techniques and translating the data into an understandable structure for later use. 
 
DM methods have been used to a variety of textile challenges in textile printing and dyeing 
process, including forecasting fabric type [1] and fabric characteristics [2], predicting yarn 
properties [3–5], fiber identification [6], and color management [7]. Another learning approach, 
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support vector machine (SVM), has been used in the textile industry for quality control [8,9], 
particularly for fault categorization [10] in textile textures. Using a Decision Tree (DT) algorithm, 
Agarwal et al. [11-12] sought to determine the effectiveness of wash-ageing and fabric softener 
use on the mechanical characteristics (such as tensile extension, shear, bending, stiffness, 
compression energy, and fabric roughness) of knitted textiles. In this study over 104 varieties of 
various samples with varied fiber types and fineness, yarn architecture, and fabric structure 
utilizing a DT algorithm. Some researchers estimated the fabric tearing force from the quantity of 
softener pickup and its homogeneity [13] by means of linear regression models. It was concluded 
that the weave type, weft density, ground structure, and ground yarns had the greatest impact on 
tearing force, while pile form and pile designation have modest impacts. Another research utilized 
linear regression to estimate fabric tear strength in the warp and weft directions for woven wool 
textiles, with Pearson correlations of 0.976 and 0.975 for warp and weft, respectively [14]. Eltayib 
et al. utilized the same linear regression model to predict the relationship between fabric tear 
strength and additional independent variables including yarn tensile strength, yarn count, and 
fabric linear density [15]. A flexible nonlinear model based on an Evolutionary Artificial Neural 
Network was proposed to forecast woven fabric tensile strength, outperforming a linear regression 
model [16]. 

In this study, prediction of tear strength of microfilament woven fabrics was carried out by using 
decision tree method, which is one of the data mining algorithms. The performance characteristics 
of high-density fabrics were estimated using the weave type, fabric density, number of filaments 
in the yarn section and weave direction. It is possible to carry out the quality control process of 
woven fabrics in a faster and more reliable way with such machine learning algorithms. 

2. Materials and Methods
Decision Tree Regression Method 
One or more branches may exist within a decision node. The root node is the initial node. Both 
category and numerical data can be used to build a decision tree. Decision trees are a strategy for 
determining the class of data that is unknown, based on data that has been encountered in the past 
and whose class has been identified. Decision trees are popular in data mining because they offer 
predictive and descriptive qualities, are simple to construct and assess, have high reliability, and 
can be readily incorporated into computer storage units. In data sets with nonlinear connections, 
heterogeneous data kinds, and outliers, classification modeling with decision trees is possible. 
Decision theory, classification, prediction, and clustering are all examples of applications for these 
approaches. Decision trees are known as regression trees when the target variable is continuous, 
and categorical trees are known as classification trees when the target variable is categorical. 
Regardless of the circumstance, the methods for creating decision trees remain the same. The 
initial stage in the decision tree technique, as a statistical method, is to construct a tree structure 
and then process the data in the data set into this tree. Decision trees are made up of root nodes, 
nodes, and branches. Questions are asked during the rule-making process, and actions are 
performed in response to the answers. New rules are formed by combining the responses. The root 
node, which is the first step of the tree structure, is constructed after choosing on the first variable 
to ask the question. 'If-then' rules are established in each branch, and the next node is passed based 
on the decision made. This is how the tree structure is handled until a new query arises. The last 
node representing a class is finally reached. 

Woven polyester multifilament fabrics with Plain, Satin, and Twill types were used in this study. 
The interlacement points in these different types of weaving are varied. The structural fabric 
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4. Conclusions  
This paper provides an overview of DM techniques intended particularly for textile applications, 
as well as a description of some experimental work published in the literature. It illustrates how 
regression techniques may be used to solve an issue in the textile industry. The regression approach 
is also given more weight in the textile sector, as evidenced by this research. Apart from the fact 
that ANNs are the most often used prediction or classification methods, it is clear that data mining 
is equally useful. In this study, the decision tree regression model was employed, which is one of 
the most often used data mining approaches. Fabric characteristics such as weave type, fabric 
density, filament fineness, and weave direction were used to predict tear strength. When the results 
are analyzed, it is clear that the decision tree machine learning approach can be used successfully 
in the textile industry, which has such a large amount of data. The actual measurement values and 
the predicted values were found to have a strong correlation. 
 
Considering the latest state of technology today, it is a fact that the quality control process in the 
textile industry will become increasingly automated, since machine learning can be applied to 
nearly any business. As a result, one of the responsibilities imposed by the Industry 4.0 era is to 
generate useful information from data and to utilize that information across departments. 
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Özet 

Elektromanyetik Koruyucu Tekstiller, Koruyucu Teknik Tekstillerin bir alt dalıdır. 
Elektromanyetik korumanın amacı kişileri ya da hassas elektronik cihazları çevredeki 
elektromanyetik dalgaların zararlı etkilerine karşı korumaktır. Cep telefonlarından baz 
istasyonlarına, saç kurutma makinelerinden kablosuz internet ağlarına kadar günlük hayatta 
çevremizde olan pek çok cihaz etrafa elektromanyetik dalgalar yaymaktadır. Tekstilde 
elektromanyetik dalgaların etkisini indirgemek için farklı metotlar geliştirilmiştir. İletken 
maddelerle kaplama yapılarak; kompozit malzemeler ve iletken yapıda polimer malzemeler 
kullanılarak veya iletken metalleri tekstil yapısına dahil ederek iletken tekstil yüzeyleri elde 
edilebilir. Bu çalışma kapsamında gümüş içerikli iletken iplikler, hem filament hem de kesikli 
formda üretilerek bu iplikler kullanılarak süprem ve vanize yapısında örme kumaşlar örülmüştür. 
Elde edilen farklı tasarımdaki bu örme kumaşların elektromanyetik ekranlama etkinliği 
özellikleri kıyaslanmıştır. Geliştirilen kumaşların farklı sıklık, farklı konstrüksiyon ve farklı 
iletken iplik yoğunluklarında üretilmesi gerçekleşmiştir. Böylelikle farklı iletken madde 
içeriğine, aynı zamanda da farklı görünüş ve kullanım özelliklerine sahip kumaşlar üretilmiştir. 
Bazı kumaşlarda iletken iplikler her sırada kullanılmayarak, hem elektromanyetik ekranlama 
etkinliği fonksiyonunu koruyup hem de maliyetin azaltılmasının yolları araştırılmış ve bunun 
için en uygun kumaş yapıları seçilmiştir. Daha sonra kumaşların koruma özellikleri, cep 
telefonlarının, tıbbi ekipmanların ve elektrikli ev aletlerinin ve benzeri cihazların yaydığı frekans 
aralığında (100 MHz - 6 GHz), ekranlı bir odada EMC test sistemi kullanılarak, gerçek 
elektromanyetik dalgalarla test edilmiştir. Ayrıca kumaşların bazı fiziksel özellikleri, kullanım, 
konfor ve antibakteriyel özellikleri test edilmiş ve tüm test sonuçları istatistiksel olarak analiz 
edilmiştir.  

Anahtar Kelimeler: Elektromanyetik Ekranlama, Gümüş Filament, Gümüş Elyaf, İletken İplik, 
Örme Kumaş 
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1. Giriş 
Teknolojinin insan hayatına yoğun entegrasyonu, elektriğin ve elektronik cihazların, aletlerin 
kullanımının artması elektromanyetik dalgaların artmasına sebep olmuş ve bu da 
elektromanyetik kirlilikle sonuçlanmıştır. Günlük hayatta kullandığımız cihazların çoğunun 
elektromanyetik dalgaları yaymakta olduğu ve bu dalgaların insan sağlığına farklı boyutlarda 
zararlı etkileri olduğu bilinmektedir. Bu nedenle pek çok araştırmacı bu etkileri önlemek için 
ekranlama çalışmaları yapmaktadır. Tekstiller ile elektromanyetik koruyuculuk sağlama oldukça 
yeni ve gelecek vaat eden bir konudur. Bu çalışmanın amacı, elektromanyetik dalgalara karşı 
koruyuculuk özelliğine sahip örme kumaşların geliştirilmesidir. 
 
Elektromanyetik koruyucu tekstiller ile ilgili daha önce literatürde yapılmış olan çalışmalar 
incelendiğinde, elektromanyetik koruyuculuk özelliğini elde etmek için bakır, çelik, gümüş 
kaplamalı lifler gibi metalik liflerle yapılmış çalışmalar olduğu görülmüştür. Bu liflerin arasında 
gümüş kaplı lifler hem yapıya daha yüksek elektromanyetik koruyuculuk özelliği sağlamaları, 
hem antibakteriyel özellik taşımaları ve hem de daha tekstil karakterli tuşe özelliklerine sahip 
olmaları bakımından öne çıkmaktadır. Bu nedenlerden dolayı, çalışmada gümüş esaslı iletken 
materyaller kullanılarak; iletken iplikler üretilecek ve daha sonra bu iplikler örme kumaş 
üretiminde kullanılmıştır. Bahsedilen iletken iplikler süprem ve vanize kumaş yapısında 
üretilmiştir. Süprem ve vanize kumaşların farklı sıklık, farklı konstrüksiyon ve farklı iletken iplik 
yoğunluklarında üretilmesi planlanmıştır. Böylelikle farklı iletken madde içeriğine, aynı 
zamanda da farklı görünüş ve kullanım özelliklerine sahip kumaşlar üretilmiş olacaktır. Bazı 
kumaşlarda iletken iplikler her sırada kullanılmayarak, hem elektromanyetik ekranlama etkinliği 
fonksiyonunu koruyup hem de maliyetin azaltılmasının yolları araştırılmış ve bunun için en 
uygun kumaş yapıları seçilmiştir. 
 
Bir aygıt, donanım veya sistemin, bulunmuş olduğu elektromanyetik çevre içerisinde, bu çevreyi 
veya diğer donanımları rahatsız edecek düzeyde bulunmadan elektromanyetik gürültü 
oluşturmadan ve ortamdaki diğer sistemlerin oluşturduğu girişimden etkilenmeden, kendisinden 
beklenen işlevi yerine getirebilme yeteneğine elektromanyetik uyumluluk (EMC, 
Electromagnetic Compability) denilmektedir. Diğer bir deyişle EMC, cihaz ve sistemlerin 
hedeflenmiş çalışma durumlarında olumsuz şekilde diğer sistemlerden etkilenmeden veya diğer 
sistemleri de etkilemeden çalışabilme yeteneğini ifade eder [1]. 
 
Daha sonra kumaşların koruma özellikleri, cep telefonlarının, tıbbi ekipmanların ve elektrikli ev 
aletlerinin ve benzeri cihazların yaydığı frekans aralığında (100 MHz - 6 GHz), ekranlı bir odada 
EMC test sistemi kullanılarak, gerçek elektromanyetik dalgalarla test edilmiştir. Ayrıca 
kumaşların bazı fiziksel özellikleri, kullanım ve konfor özellikleri test edilecek ve tüm test 
sonuçları istatistiksel olarak analiz edilmiştir. 
 
Son yıllarda, konfor, özgül ağırlık, yapısal çeşitlilik gibi faktörler, elektromanyetik ekranlama 
tekstil ürünlerinin geliştirilmesi ve seçilmesinde kriterler olarak dikkate alınmıştır. Bu alanda 
yapılan örnek çalışmalar literatürde yer almaktadır. Safarova ve Militky (2015), tekstil 
yapılarının temel özelliklerini koruyarak, teknik amaçlar için kullanıma uygun, çok işlevli, hafif 
ve esnek, elektromanyetik radyasyona karşı dirençli kumaşların üretimi ve karakterizasyonunu 
araştırmışlardır. Bu makalede, metal içeriğinin etkisi, iletken ipliğin yerleştirilmesi, geometri, 
nem içeriği ve frekanslarla ilişkisi incelenmiştir [2]. Çeven ve arkadaşları (2016), Tekstil 
yüzeylerinin elektromanyetik kalkanlama özelliği göstermesi için sürekli bir iletken yüzey elde 
edilmesi gerekli değildir. Özünde iletken bir tel (paslanmaz çelik, bakır, vs.) ihtiva eden özlü 
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ipliklerden oluşturulan yüzeyler, atkı boyunca ve/veya çözgü boyunca iletkenlik sağlarken, 
kalkanlama etkisi de sağlamaktadırlar. Bu iplikler kullanılarak oluşturulan örme veya dokuma 
yüzeylerinin kalkanlama verimliliğinin atkı ve çözgü sıklığı artışı ile de arttığı gösterilmiştir [3]. 
 
Ekranlama elektrik alanın düşük frekanslarda yansıtılması, yüksek frekanslarda yutulması ile 
gerçekleşir. Ekranlama manyetik alanın düşük frekanslarda yutulması ile gerçekleşir. Yüksek 
iletkenlik, yansıma ve yutulmayı pozitif yönde etkiler. Yüksek manyetik geçirgenlik yüksek 
yutulmaya neden olurken, düşük yansıma oluşturur. Çok düşük frekanslı manyetik kaynakların 
ekranlanacağı hallerde yüksek manyetik geçirgenlikli malzemeler kullanılır. Ekran kalınlığı 
arttıkça yutulma artar [4]. 
 
Duran ve Kadoğlu (2012), bakır özlü (Cu/Co) ipliklerle elektromanyetik koruyucu tekstil 
malzemelerinin üretilebilme olanakları araştırılmış ve bu ipliklerle üretilen dokuma kumaşların 
elektromanyetik ekranlama karakteristikleri incelenmişlerdir. İplik numarası, öz inceliği, atkı 
sıklığı ve dalga frekansının dokuma kumaşların elektromanyetik koruyuculuğuna etkileri 
araştırmışlardır. Çalışma sonuçları, hem iplik ve kumaş parametreleri hem de dalga frekansının 
dokuma kumaşların elektromanyetik ekranlama etkinliğine önemli etkileri olduğunu 
göstermiştir. Ayrıca üretilen dokuma kumaşlarla 44,4 dB seviyesine kadar ekranlama etkinliği 
elde edildiği bulunmuştur [5]. 
 
2. Materyal ve Method 
Çalışma planındaki numuneler aşağıdaki gibidir; 
 

Tablo1. Çalışma Kapsamında Üretilen Numuneler 
Numune 

No Kumaş Cinsi Gramaj 
(gr/m2) 

Pus/Fe
in 

1 Ne 20/2 Ring Penye + 30 Denye Gümüş Filament 1x1 
Vanize Süprem 265 GR 30/22 

2 Ne 20/2 Ring Penye + 30 Denye Gümüş Filament 2x1 
Vanize Süprem 336 GR 30/22 

3 Ne 20/2 Ring Penye + 30 Denye Gümüş Filament 3x1 
Vanize Süprem 340 GR 30/22 

4 Ne 20/2 Ring Penye + 30 Denye Gümüş Filament 5x1 
Vanize Süprem 316 GR 30/22 

5 Ne 20/2 Ring Penye + 100 Denye Gümüş Filament 1x1 
Vanize Süprem 292 GR 30/22 

6 Ne 20/2 Ring Penye + 100 Denye Gümüş Filament 2x1 
Vanize Süprem 312 GR 30/22 

7 Ne 20/2 Ring Penye + 100 Denye Gümüş Filament 3x1 
Vanize Süprem 323 GR 30/22 

8 Ne 20/2 Ring Penye + 100 Denye Gümüş Filament 5x1 
Vanize Süprem 340 GR 30/22 

9 Ne 40/1 Ring Penye PAMUK-GSM (90-10) Full Likra 
Süprem +30 Denye 155 GR 32/29 

10 Ne 40/1 Ring Penye PAMUK-GSM (90-10) Full Likra 
Süprem +30 Denye 170 GR 32/29 
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Elektromanyetik Ekranlama Etkinliği Testleri Gerçekleştirilerek, geliştirilen kumaşların 
Elektromanyetik Koruyuculuk özellikleri kıyaslanacaktır. Kumaşların koruma özellikleri, cep 
telefonlarının, tıbbi ekipmanların ve elektrikli ev aletlerinin ve benzeri cihazların yaydığı frekans 
aralığında (100 MHz- 6 GHz), EN50147-1 standardına göre ekranlı bir odada EMC test sistemi 
kullanılarak, gerçek elektromanyetik dalgalarla test edilecektir. Ege Üniversitesi Tekstil 
Mühendisliği Bölümü laboratuvarlarında bulunan Elektromanyetik Ekranlama Etkinliği ölçüm 
sistemini Şekil 1’te görülmektedir. 

Şekil 1. Elektromanyetik Ekranlama Etkinliği Ölçüm Sistemi 

3. Sonuç
Kumaşların elektromanyetik ekranlama etkinliği ölçüm sonuçları Tablo 2, Şekil 2 ve Şekil 3’de 
verilmiştir. 

Tablo 2. Ekranlama Etkinliği Ölçüm Sonuçları 
EMSE (dB) 

1 2 3 4 5 6 7 8 9 10 
1,0GHz 2,76 1,72 0,47 2,27 2,94 9,57 1,66 0,15 0,00 0,00 
1,5GHz 13,48 2,98 1,97 3,52 6,92 13,57 9,10 0,50 0,00 0,00 
2 GHz 1,21 0,13 0,00 0,33 0,59 1,12 0,22 0,01 0,00 0,00 
2,5GHz 3,99 0,01 0,03 0,01 0,07 3,03 0,11 0,00 0,00 0,00 
3GHz 5,84 0,63 0,04 0,44 3,04 8,53 6,03 0,00 0,00 0,00 
3,5GHz 3,41 0,18 0,03 0,00 0,02 1,32 0,05 0,06 0,00 0,00 
4GHz 9,33 0,26 0,03 0,18 1,51 8,15 4,11 0,01 0,00 0,00 
4,5GHz 13,11 1,45 0,40 2,28 4,85 10,34 6,80 0,00 0,00 0,00 
5GHz 10,92 1,04 0,01 1,02 3,83 8,99 4,59 0,00 0,00 0,08 
5,5GHz 10,49 0,46 0,10 0,85 3,17 8,80 4,20 0,00 0,00 0,00 
6GHz 18,29 6,52 4,27 6,59 8,89 14,93 11,72 1,28 2,00 0,77 
Ortalama 8,44 1,40 0,67 1,59 3,26 8,03 4,42 0,18 0,18 0,08 
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Kumaşların elektromanyetik ekranlama etkinliği değerlerinin frekanslara göre dağılımı  Şekil 
2’de gösterilmektedir. Grafik incelendiğinde her ne kadar bazı frekanslarda ufak sapmalar 
gözlense de genel olarak frekans büyüdükçe elektromanyetik ekranlama etkinliğinin arttığı 
söylenebilir. İleten filament kullanılarak üretilen tüm numunelerde frekansa göre ekranlama 
etkinliğinin dağılımı bakımından aynı trend gözlenmiştir. Ancak, iletken lifler ile iletken 
olmayan liflerin karışımından elde edilen iplikler ile üretilen A ve B kumaşları için bu eğilim 
geçerli olmamış, zaten bu kumaşlarda çok düşük değerle elde edilebilmiştir. En yüksek 
elektromanyetik ekranlama etkinliği değeri 6 GHz frekansında, her sırasında 30 denye  gümüş 
kaplı PA filamenti içeren Ne 20/2 iplik numara ipliklerle üretilmiş ribana penye vanize kumaş 
yapısı ile elde edilmiştir. 
 

 
Şekil 2. Kumaşların elektromanyetik ekranlama etkinliği değerlerinin frekanslara göre dağılımı 

 

 
Şekil 3. Kumaşların ortalama elektromanyetik ekranlama etkinliği değerleri 

 
Kumaşların ortalama elektromanyetik ekranlama etkinliği değerleri Şekil 3’de gösterilmektedir. 
Grafik incelendiğinde, genel olarak elektromanyetik ekranlama etkinliğinin kumaş yapısındaki 
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gümüş içerikli filament miktarı azaldıkça azaldığı görülmektedir. Aynı zamanda gramaj arttıkça 
elektromanyetik ekranlama etkinliğinin arttığı da gözlenmektedir. BU durum yüksek gramajda 
daha sıkı bir yapının ortaya çıkmasıyla açıklanabilir. Yapısında 100 denye inceliğinde gümüş 
kaplı PA filament içeren kumaşların ekranlama etkinliği değerleri 30denye inceliğinde filament 
içerenlere göre daha yüksek çıkmıştır. Bunun nedeni gümüş kaplı filamentin kalınlığı arttıkça 
yapıdaki gümüş içeriğinin artmasıdır. Ayrıca kesikli gümüş elyafından üretilen süprem 
kumaşların elektromanyetik ekranlama etkinlik değerlerinin oldukça düşük olduğu 
gözlemlenmiştir. Bunun da nedeninin kesikli elyafların birbirleri arasında oluşan boşluklar ve 
kopukluklardan kaynaklı olduğu düşünülmektedir. 
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Abstract 

Fiber reinforced polymer rebar (FRP) has an increasing demand and use worldwide due to its 
transparency to magnetic fields, along with its higher tensile strength, and lower weights compared 
to steel. The main aim of this analytical study is to investigate the flexural behaviour of Haunched 
Beams reinforced with sand-coated Glass FRP rebar. In this paper, three parameters had been taken 
into consideration, namely, concrete compressive strength, inclination angle, and reinforcement 
ratio. The analytical program was comprised of twenty- four models. Results of the study were 
summarized in the form of Load-Deflection curves, whereby the behaviour of the shear beams of 
higher reinforcement ratio had a significant increase in failure load along with lower deflection 
patterns, high compressive strengths indicated higher response on both load and deflection axes, 
and the inclination angle had no significant effect on most of the other parameters. 

Keyword: Fiber reinforced plastics, Sand Coat, Haunched Beams, Flexural Behaviour. 

1. Introduction
The reinforced concrete haunched beams are getting more popular since the need to optimize the 
construction process emerged, where they have many advantages when comparing with prismatic 
beams it can be summarized in: 1) Efficient use of concrete and reinforcement whether it was mild 
steel or FRP rebar. 2) The lateral stiffness plays a significant role in decreasing the self-weight 
which is result to a more economic design. 3) Facilitates the utility installment of (Sewage, 
electricity, and air conditioning). The main disadvantage is the need to skilled labor who are 
specialized in formwork to cast it and assure its serviceability and aesthetic view [1-2]. However, 
the serviceability of steel reinforced concrete is subjected to shortness in its life span due to 
corrosion issues as it can be a major concern in certain cold weather conditions, where the salts 
are used in deicing process, which accelerates the forming of corrosion [3], alternatively, FRP 
reinforcement rebar is considered a valid replacement to steel reinforcement [4-5], the present 
analytical study adopted the Glass FRP reinforcement due to its high chemical resistance, high 
strength-weight ratio, and high cost efficiency, as well as its superior corrosion resistance [6]. The 
surface configuration of Glass FRP rebar is sand-coated, since it has a better bond characteristic 
when compared to other surface configurations [7] 

2. Materials and Methods
The analytical program was carried out by ATENA 2D software package, where 18 haunched 
beams were analyzed, along with 6 prismatic beams, the main model was verified by experimental 
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article [8] with a user-defined bond-slip model extracted from another article with a focus on same 
surface configuration and rebar diameter, and its designation was kept as included in literature 
(Sheehan, T. et al-2019) introduced in figure 2.1 [9] The geometric properties of the verification 
beam are described below in figure 2.2, the meshed prismatic analytical model was introduced in 
figure 2.3. The haunched beam variations are followed in figures 2.4-2.5-2.6 respectively. The 
concrete mechanical properties are described in Table 1. Whereby the Glass FRP reinforcement 
mechanical properties are listed in table 2, steel plates are introduced in table 3 of the analytical 
model to avoid stress concentrations between the prescribed deformation of (0.6mm) and the 
concrete. In the experimental article, the verification beam was subjected to a stroke-controlled 
rate of (0.6mm/min) with a monotonic load of 500kN up to failure. All the input data used in 
verification process are extracted from experimental model and applied in ATENA 2D. 

Table 1. Input data for concrete properties 

Table 2. Input data for Glass FRP Reinforcement mechanical properties 

Table 3. Input data for steel plates properties 

Figure 2.1 Sand coated Glass FRP bond-slip model (Sheehan, T. et al-2019) 
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Variable Properties Magnitude Units 
Ρ Density 23 kN/m3 

E Modulus of Elasticity 37280 MPa 
ν Poisson’s Ratio 0.2 
ft Tensile Strength 3.35 MPa 
fc Compressive Strength -43.6 MPa 
Gf Fracture Energy 0.08283 kN/m 

Bar 
Type 

Diameter 
(mm) 

Area 
(mm2) 

Tensile 
Strength 
(MPa) 

Modulus of 
elasticity (GPa) 

Ultimate 
strain (%) 

GFRP 16 1407 754 ± 19 42 ± 1 1.8 ± 0.04 

Variable Properties Magnitude Units 
E Modulus of Elasticity 2100000 MPa 
ν Poisson’s ratio 0.3 
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2.1 Experimental beam geometry 

As shown below in figure 1.2, the beam was 3250 mm long, 250 mm width, 400 mm depth, and a 
reinforcement ratio of 1.72% with an applied monotonic load of 250 kN at each point load location. 

Figure 2.2 Experimental beam geometry (El-Sayed, et al-2006) 

2.2 Analytical beams geometry and applied parameters 

The analytical models adopted the same mechanical properties prescribed the in previous tables, 
along with the bond model in figure 2.1. After the verification process was confirmed, the main 
depth of (400mm) in the experimental was maintained, and the inclination angle was deducted 
from it. The prismatic beams are denoted by P, three variations of haunch inclination angles were 
tested, namely 5°,10°, and 15°, and denoted by letter H. The models are associated with different 
reinforcement ratios of 0.97,1.7, and 2.19 respectively. The compressive strengths used in the 
analytical study were low compressive strength concrete of (30 MPa) and high compressive 
strength of (50 MPa) and denoted by C. 

Fͦigure 2.3 Verification model of prismatic beam 

Figure 2.4 Haunched beam model with 5 ͦ inclination angle 
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Figure 2.5 Haunched beam model with 10 ͦ inclination angle 

Figure 2.6 Haunched beam model with 15 ͦ inclination angle 

2.3 Analytical model verification 
The experimental beam failure mode was in diagonal tension on its right side, the analytical model 
experienced almost identical failure mode shown in figures 2.7-2.8 respectively. The field 
variables of the beam are introduced, whereby it indicated the crack propagation in terms of its 
displacements in the nodal elements on the right side. The monitoring points had been inserted to 
capture the reactions of point loads on the location of it exactly, where the deflection captured at 
the extreme fibers of midspan of the beam and presented in table 4. The load-deflection curves of 
both experimental and analytical are demonstrated in figure 2.9, the experimental beam 
designation was kept as in the experimental article., along with table 5 to assess the error 
percentage between experimental beam and finite element analysis. 

Figure 2.7 Experimental beam failure (El-Sayed, et al-2006) 

Figure 2.8 Analytical model beam failure 
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Table 4. Finite element analysis monitoring points description 

Figure 2.9 Output comparison of experimental versus analytical models’ failure

Table 5. Output data for analytical beam verification 

3. Results and Discussion
After the verification process is completed on the four-point loading beam, as well as the 
percentage errors of both axes are reliable for the intended parameters to be taken into 
consideration to understand the flexural behavior of Glass FRP reinforcement in haunched beams, 
the flexural capacity of each featured model was presented in terms of Load-Deflection plot.   

3.1 Inclination angle effect at high compressive strength 
At the same compressive strength and reinforcement ratio, it was observed that there was no 
significant effect between 5° -10° inclination, the model of 10° angle reached failure before the 
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prismatic and haunched beams, however when the inclination angle was set to be 15° the beams 
experienced a higher failure pattern on both axes.  

Figure 3.1 Output comparison of inclination angle at high compressive strength 

3.2 Compressive strength and reinforcement ratio effect on prismatic beams 

Whether the concrete had a compressive strength of 30 MPa or 50 MPa, a negative correlation was 
found between midspan deflection and reinforcement ratio, that is when the reinforcement ratio is 
increased, the midspan deflection decreased. This is also had been investigated experimentally 
[10]. On the other hand, a positive correlation was found between the increase of compressive 
strength and the models’ load-carrying capacity , where the models with higher compressive 
strength could withstand more load and reached higher midspan deflection when compared to 
lower compressive strength concrete. 

Figure 3.2 Output comparison of compressive strength at different reinforcement ratios of 
prismatic beams 
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3.3 Compressive strength and reinforcement ratio effect on haunched beams 

The behaviour of haunched beams is similar to prismatic beams in terms of compressive strengths 
and reinforcement ratios, on one hand the beams of 5° inclination carried more load comparing to 
the beams of 10°, on the other hand, the beams of 15° experienced a significant increase in load 
carrying capacity as well as deflection when compared to other beams of lower inclination angles. 

Figure 3.4 Output comparison of compressive strength at different reinforcement ratios of 5 ͦ 
inclination haunched beams 

The closest behaviour to prismatic beams is happen to be in haunched beams of 10 ° inclination 
angle, which they had a similar failure load patterns without a significant difference on midspan 
deflection amongst them. 

Figure 3.5 Output comparison of compressive strength at different reinforcement ratios of 10 ͦ
inclination haunched beams 
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3.4 Summary of output data for load-deflection curves 

Table 6. Output data for analytical beams results 

The haunched beams of 15° inclination angle experienced a different behaviour in terms of 
compressive strength and reinforcement ratio, whereby the midspan deflection of high 
compressive strength and low reinforcement ratio could deflect more without a significant increase 
of load when compared with low compressive strength with higher reinforcement ratio. 

Sample Name 

Inclination 
angle (αo ) 

Compressive 
strength 
(MPa) 

Reinforcement 
ratio 

Failure 

load (kN) 

Midspan 

deflection at 

failure (mm) 

GFRP-P-C30-0.97 0 30 0.97 108.4 21.29 
GFRP-P-C30-1.7 0 30 1.7 129.3 16.01 

GFRP-P-C30-2.19 0 30 2.19 143.8 14.05 
GFRP-P-C50-0.97 0 50 0.97 175.7 35.99 
GFRP-P-C50-1.7 0 50 1.7 196.1 24.13 

GFRP-P-C50-2.19 0 50 2.19 211.9 21.58 
GFRP-H5-C30-0.97 5 30 0.97 113.1 21.96 
GFRP-H5-C30-1.7 5 30 1.7 135.3 16.74 
GFRP-H5-C30-2.19 5 30 2.19 141.3 13.92 
GFRP-H5-C50-0.97 5 50 0.97 196.9 36.54 
GFRP-H5-C50-1.7 5 50 1.7 220 25.43 
GFRP-H5-C50-2.19 5 50 2.19 243.8 23.4 
GFRP-H10-C30-0.97 10 30 0.97 106.6 20.89 
GFRP-H10-C30-1.7 10 30 1.7 135.2 15.69 
GFRP-H10-C30-2.19 10 30 2.19 147.9 14.4 
GFRP-H10-C50-0.97 10 50 0.97 152.7 31.37 
GFRP-H10-C50-1.7 10 50 1.7 190.4 22.38 
GFRP-H10-C50-2.19 10 50 2.19 209.2 19.82 
GFRP-H15-C30-0.97 15 30 0.97 141.3 26.67 
GFRP-H15-C30-1.7 15 30 1.7 161.1 20.22 
GFRP-H15-C30-2.19 15 30 2.19 202.1 21.7 
GFRP-H15-C50-0.97 15 50 0.97 193.9 38.5 
GFRP-H15-C50-1.7 15 50 1.7 273.5 33.9 
GFRP-H15-C50-2.19 15 50 2.19 298.8 31.02 
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Figure 3.6 Output comparison of compressive strength at different reinforcement ratios of 15 ͦ
inclination haunched beams 

4. Conclusions
In this particular paper, the flexural behaviour of Glass FRP rebar reinforced concrete beams has 
been investigated analytically by verifying another experimental beam in FEA environment, where 
various parameters like inclination angle, compressive strength, and reinforcement ratio are 
considered. To review the findings of the analytical study, it was clear that: 

1) The failure mode of prismatic beams reinforced with Glass FRP rebar is in diagonal
tension, this has been proved experimentally and analytically.

2) On the same parameters, there was no significant inclination angle effect, except for the
models with 15 ° inclination, where the models carried more loads with further failure in
deflection axis.

3) High compressive strength positively affects the load carrying capacity in the models,
whereby a significant increase in load-deflection curves of the same parameters was
observed.

4) The increase of reinforcement ratio resulted a higher load-carrying capacity, yet it was
accompanied with premature failure comparing to the models of lower reinforcement ratio.
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3. Results and Discussion 
The Poisson’s ratio vales versus axial stains were given following Figure 6-8. The HAY sample 
with 420 Denier elastane have high Poisson’s ratio at first two second that is 1.6% extension 
(Figure 6). Then the ratio sharply decreases to nearly 1. After 20% axial strain, the Poisson’s ratio 
values get constant and the Poisson’s ratio values are close to zero. It can be stated that after 20% 
axial strain, diameter of the yarn sample did not deviate from the initial diameter value. Only the 
elastane and polyester wrap yarn were replaced. When we examined the graph as a whole, it can 
be seen that any negative Poisson’s ratio was not obtained. 
 

  
Figure 6. Poisson’s Ratio of HAY with 420 Denier elastane 

 

 
Figure 7. Poisson’s Ratio of HAY with 560 Denier elastane 
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The HAY sample with 560 Denier elastane has similar characteristic with 420 Denier elastane 
sample (Figure 7). Negative Poisson’s ratio was obtained with 560 Denier elastane between 6% 
axial strain and 36% axial strain. The negative Poisson’s ratio values were clearly appeared 6% 
and 10% axial strains. Other negative Poisson’s ratio values are close to zero, so they are not 
clearly observed.   

 

 
Figure 8. Poisson’s Ratio of HAY with 840 Denier elastane 

 
The highest negative Poisson’s ratio was obtained with 840 Denier elastane at first axial extension, 
then Poisson’s ratio turns to positive values (Figure 8). After 30% axial strains, the Poisson’s ratio 
values get constant and they are close to zero.   
 
4. Conclusions 
In the content of a thesis project study, the effect of elastane diameter, elastane draw ratio and twist 
per meter on auxeticity property of HAY samples were investigated. In this study, the effect of 
core elastane diameter on yarn auxeticity were analyzed. Helical auxetic yarns were produced by 
feeding elastane with three different diameters at constant production parameters. It was revealed 
that the negative Poisson’s ratio values were not obtained with two of yarn samples with 420 
Denier and 840 Denier elastane. When yarn auxeticity were analyzed, it can be seen that the yarn 
sample with 560 Denier elastane provided negative Poisson’s ratios at axial strains between 6% 
and 36%. It was concluded that the obtained auxeticity property can be enhanced with different 
twist level and elastane draw ratio trials. In future studies, negative Poisson’s ratios of HAY 
samples with different twist level and elastane draw ratio will also be submitted. 
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Özet 
 
Pamuk melanj renkler değişik renklerin belirli oranlarda harman aşamasında ya da şerit 
birleştirme aşamalarında karıştırılması sonucu elde edilmektedir. Melanj iplik üretimin renk 
standardizasyonu çok önemli bir parametredir. Hedeflenen melanj renklerin üretimi lif renk 
bileşenlerinin karışım oranlarının belirlenmesi amacı ile birçok karışım denemelerinin 
yapılmasını gerektiren zor ve maliyetli bir işlemdir. Hali hazırda eğirme yöntemlerine, lif 
özelliklerine ve renk bileşenlerinin karışım oranlarına göre farklı sonuçlar çıkmakta ve istenen 
renk elde edilmesinde sıkıntılar yaşanmaktadır. Problemin çözümüne yönelik geliştirilecek ona 
bir yapay zeka modeli ile hedeflenen renk değerlerinin en az karışım denemesi ve en düşük 
maliyet ile elde edilebileceği düşünülmüştür. Bu çalışmada, farklı karışım oranları ile elde edilen 
gri tonlu melanj iplik numunelerinin CIELab değerleri spektrofotometre cihazı ile ölçülmüştür. 
Elde edilen veriler doğrultusunda eğitilen Yapay Sinir Ağı (YSA) modeli ile gri tonlu melanj 
ipliklerin lif karışım oranları tahmin edilmiştir. Oluşturulan model üzerinden yapılan tahmin 
sonuçlarının ortalama mutlak yüzde hatası hesaplanmıştır.  
 
Anahtar Kelimeler: Melanj iplik, Renk tahmini, Yapay sinir ağı, CIELab. 
 
1. Giriş  
Melanj, önceden boyanmış çeşitli renk nüanslarına sahip liflerin karışımıyla elde edilen bir renk 
efektidir. Melanj üretim aşamasında renkli elyaflar ile eğirme prosesinden önce, belirli oranlarda 
harman ya da şerit birleştirme aşamalarında karıştırılır ve eğirme prosesinden sonra elde edilen 
ipliklerde karışık bir boyama efekti oluşturulur. İşletmelerde yapılan pamuk karışımlı melanj 
iplik üretimlerinin geneli incelendiğinde her yapılan numune ile üretimden gelen arasında renk 
farkı sapmasının %17-22 arası olduğu tespit edilmiştir. Renk farklarının oluşmasına etki eden 
faktörler arasında; ham madde, eğirme yöntemi, boyama farkı, tartım hatası, renk değerlendirme 
hataları olduğu tespit edilmiştir. Tekstil materyali üretiminde istenilen renk tonunda melanj 
renkli bir üründe elde edilmesi işletmeler açısından ciddi bir sorun olarak görülmektedir. Mevcut 
durumda bu efekti elde edebilmek için çeşitli oranlarda renkli elyaf barındıran reçeteler 
hazırlanır. Yapılan denemelerden elde edilen renk ölçüm değerleri analiz edilerek müşteri 
talebine en yakın olan karışım oranı belirlenir. Bu şekilde elde edilen çözüm uzun zaman ve 
maliyet kaybına sebep olduğu gibi aynı zamanda hedeflenen rengin elde edilmesi önemli bir 
tecrübe gerektirmektedir. Bu yüzden, melanj renkli bir tekstil ürününün renk değerinin önceden 
tahmin edilmesi zaman ve maliyet açısından işletmelere büyük bir fayda sağlayacaktır.  
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Bu kapsamda yapılan literatür araştırmasında, Yeşil ve arkadaşlarının sundukları çalışmada, 
elyaf karışım renklerini tahmin etmek amacıyla farklı elyaf karışım oranlarında beyaz ve siyah 
renkli, polyester ve viskon elyafları kullanılarak 84 adet renkli melanj numune şerit elde 
edilmiştir. Bu karışımların renk ölçüm sonuçları CIELab 1976 formülü ile hesaplanmıştır.  Renk 
tahmini için tristimulus renk eşleme algoraitması olan Stearns – Noechel Modeli kullanılmıştır. 
Ölçülen CIELab ortalama renk farkı 0,98 olarak tespit edilmiştir. Elde edilen sonuç Stearns-
Noechel modelinin elyaf karışımlarında renk eşlemede kullanılabildiğini göstermiştir [1]. Bir 
başka çalışmada Westland ve arkadaşları, melanj reçete tahmini yapabilmek için 31 adet çıktı ile 
6 katmanlı, gizli katmanlardaki nöron sayısı 6, 7, 8 ve momentum terimi 0,1 olarak çoklu tabaka 
algısal yapay sinir ağını oluşturmuşlardır. 123 örnekten oluşan öğrenme veri seti ve 40 örnekten 
oluşan test kümesi olmak üzere toplam 163 renk örneği kullanılmıştır. Diğer ağlarda 80, 60 ve 40 
öğrenme kümesi örnek sayısı kullanılarak öğrenme kümesi örnek sayısının yapay sinir ağları 
tahminleme performansındaki etkisi incelenmiştir. Aynı sayıda test örneği sayısı için renk 
tahminlemesinde Kubelka Munk tahminleme sisteminin performansı karşılaştırılmıştır. Test 
kümesindeki her örnek için CMC (2:1) renk farklılığı belirlenmiştir. Yapay sinir ağları 
performansında gizlenen tabakadaki nöron sayısının etkisinin az olduğu bulunmuştur. Öğrenme 
kümesindeki örnek sayısı artarken yapay sinir ağının performansında sürekli bir gelişme 
gözlenmiştir. Öğrenme kümesi örnek sayısı 123 olduğunda Kubelka Munk modeli yaklaşık 1,5 
birim ortalama renk farklılığı verirken yapay sinir ağı kullanıldığında ortalama 1 birim renk 
farklılığı elde edilmiştir. 40 kalibrasyon örneği için Kubelka Munk modelininin uygun olduğu 
bulunmuştur. Ayrıca yüksek sayıda öğrenme kümesi örnek sayısı için yapay sinir ağı modeli 
oldukça uygunken, Kubelka Munk denklemlerine ilave örnekler eklemenin kolay olmadığı 
belirtilmiştir [2]. Bir diğer çalışmada Bezerra ve arkadaşları, 3 farklı feedforward yapay sinir ağı 
yöntemini fluoresent boyarmaddelerin konsantrasyonunu tahmin etmek amacı ile kullanmıştır. 
238 adet veri yapay sinir ağının eğitim aşamasında ve 28 adet veri yapay sinir ağını test etmek 
için kullanılmıştır. Bu yöntemde girdi verisi olarak toplam spektral radyans faktörü, XYZ ve 
L*a*b* değerlerinden faydalanılmıştır. Bu girdileri farklı olan yapay sinir ağlarından yalnızca 
spektral radyans faktörü değerlerini girdi nöronu olarak kullanılan yapay sinir ağı %3,92 
ortalama yüzde relatif hata ile kabul edilebilir sonuç vermiştir. XYZ ve L*a*b* girdileri için 
yapay sinir ağları sırasıyla %45,66 ve %39,48 ortalama yüzde relatif hata değeri vermişlerdir. 
Aynı zamanda tersine yönde işlem uygulandığında yani konsantrasyon değerlerinden SRF 
eğrilerinin üretilmesinde iyi sonuçlar elde edilmiştir. Ayrıca test kümesindeki örnek sayısının 
189’dan (%3,56 rölatif hata) 208’e (%4,43, rölatif hata) artırılması ile 400-700 nm arasında 
tahmin edilen ve ölçülen SRF değerlerinden oluşan eğriler çıkarılmıştır [3].  
 
Bu çalışma kapsamında melanj renkli ürünlerin üretimi sırasında ton farkı hatalarını minimuma 
indirmek ve çalışma süresinde zaman tasarrufu sağlanması amaçlanmıştır. Hedef melanj 
renklerin üretilmesinde hali hazırda eğirme yöntemi farklarından ve ara renklerde reçete 
tahminlemesi doğru bir şekilde yapılamadığı için renk standardizasyonu sağlamak adına bir 
yapay sinir ağı oluşturulmuştur.  
 
2. Materyal ve Metot 
Çalışmada ilk olarak önceden hazırlanmış 7 farklı gri ton rengin CIE lab değerleri 
spektrofotometre cihazında ölçülüp, boyama sonu, iplik eğirme sonu ve örgü kumaş formu 
sonrasında renk farkı değerleri ölçülmüştür. Daha sonra reçetesi belirlenmiş olan ana melanj 
renkli ürünlerin renk değerlerinin yapay sinir ağına öğretilmesi amaçlanmıştır. Böylece yapay 
sinir ağının eğitim setinde girdi parametreleri olarak reçete de yer alan karışım oranları, çıktı 
parametresi olarak da CIE Lab değerleri kullanılmıştır. Geliştirilen yapay sinir ağı 3 katmanlı ve 
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3. Bulgular ve Tartışma 
Çalışma kapsamında geliştirilen yapay sinir ağı tahmin sonuçları Tablo 2’de verilmiştir. Tablo 2 
incelendiğinde iplik ve kumaş formundaki renk ölçümlerinden elde edilen L*, a* ve b* 
değerlerinin birbirine yakın olduğu görülmüştür. Normal koşullarda sarılan iplik ve kumaş 
benzer bir yüzey oluşturduğundan, yapılan ölçüm sonuçlarının birbirine yakın olması beklenir. 
Geliştirilen YSA tahmin sonuçları için her bir numunenin mutlak yüzde hatası hesaplanmıştır. 
Daha sonra çıktı parametreleri olan tiristimilus değerlerinin ortalama mutlak yüzdesi (MAPE) 
elde edilmiştir. Tablo 2’ye göre L* değeri için ortalama MAPE 6,17 elde edilirken, a* ve b* 
değerlerinin sırasıyla ortalama MAPE değeri 81,81 ve 39,01 olarak hesaplanmıştır.  En iyi 
tahmin başarısı renklerin parlaklık değerlerin (L) görülürken en düşük tahmin başarısı kırmızı-
yeşil yönlü renk eksenin elde edilmiştir. Özellikle “a” eksenin elde edilen düşük tahin başarısı 
daha fazla numune ve veri seti ile yükseltilebileceği düşünülmektedir.  
 

Tablo 2. Yapay sinir ağı modelinin tahmin sonuçları. 
  L* a* b* 

  Karışım 
Oranı 

Gerçek 
Ölçüm 

Tahmin 
Sonuç MAPE Gerçek 

Ölçüm 
Tahmin 
Sonuç MAPE Gerçek 

Ölçüm 
Tahmin 
Sonuç MAPE 

İplik 8 55 65,96 74,29 0,13 -0,74 -0,48 0,35 3,69 5,12 0,39 
92 45 29,26 27,07 0,07 -0,04 -0,13 2,30 -1,08 -0,62 0,42 

Kumaş 8 55 65,25 65,25 0,00 -0,59 -0,61 0,04 4,61 5,12 0,11 
92 45 28,36 27,07 0,05 -0,32 -0,13 0,59 -1,71 -0,62 0,64 

Ortalama MAPE 6,17   81,81   39,01 
 
4. Sonuçlar 
Bu çalışmada melanj renkli üretim için, farklı karışım elyaf renkleri oranlarından CIELab 
değerlerinin tahmin edilmesi araştırılmıştır. Pamuk melanj iplik üretimleri için hazırlanan 
harmanın renk standardizasyonunu sağlamak amacıyla yapay zeka sistemli bir tahminleme 
modeli geliştirilmiştir. Çalışmanın temelinde çok katmanlı ileri beslemeli bir yapay sinir ağı 
modeli kullanılmıştır. Çalışmada ilk olarak ring eğirme yöntemi ile hem işletmede hem de 
laboratuvar şartlarında 7 farklı gri ton renkleri reaktif boyarmaddeler ile boyanan pamuk lifinin 
tiristimulus değerleri kullanılmıştır. MAPE değerlerinin beklenenden daha yüksek çıkmasının en 
önemli sebebi numune sayısının ve dolayısı ile veri setinin sınırlı olmasıdır. Çalışma firma 
bünyesinde bir proje olarak devam etmektedir. Firmanın üretmiş olduğu farklı renk gruplarına ait 
melanj numuneler ile veri setinin genişletilmesi ve başarı yüzdesinin artırılması 
hedeflenmektedir.   
 
Sınırlı sayıda iplik numunesi ile elde edilen sonuçlar incelendiğinde eğitilen YSA modelinin 
sahip olduğu başarı oranı, melanj iplik üretime yönelik renk tahmin yönteminin endüstriyel 
olarak kullanılabileceğini göstermektedir. Proje kapsamında iplik üretim parametreleri, lif 
özellikleri ve karışım oranlarını kapsayan geniş bir tahmin çalışması yapılması planlanmıştır. 
Sunulan çalışma, melanj pamuk iplik üretiminde YSA tahmin modelinin uygulanabilirliğini 
göstermek adına bir ön çalışma olarak gerçekleştirilmiştir. 
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Özet 
 

Polyester lifi, tekstil endüstrisinde en fazla kullanılan sentetik liftir. Stapel veya filament formda 
kullanılan polyester, konfeksiyon ürünlerinden teknik tekstillere kadar geniş bir kullanım 
yelpazesine sahiptir. Halı endüstrisinde ATY (Hava Jetli Tekstüre İplik), DTY (Çekimli Tekstüre 
İplik), BCF (Hacimli Sonsuz Filament) gibi farklı formlarda halı ipliği olarak kendine kullanım 
alanı bulmuştur. Hav ipliği üretiminde yaygın kullanılan polipropilene göre, polyester iplikler daha 
ince filamentler şeklinde üretilebilmektedir. Yumuşak bir tuşeye neden olan bu durumla birlikte 
polyesterin yüksek dayanıma sahip olması, polipropilene göre artan bir kullanım trendi 
yakalamasına neden olmaktadır. Filament inceliği, iplik mukavemetine ve elastikiyetine etki eden 
önemli bir parametredir. Bu bağlamda, farklı filament incelikleri ile üretilen hav ipliklerinin 
mukavemet, elastikiyet, kıvrım, sıcakta çekme özellikleri ile bu hav ipliklerinden üretilen halıların 
rezilyans özelliklerinin farklı olması beklenmektedir. Filament inceliğinin yanı sıra, birbirinden 
farklı yapılardaki poliüretan ve seramik disklerin kullanımı, DTY iplik özelliklerini etkiler. Üretim 
sırasında uygun disk seçimi bu nedenle önem arz etmektedir. Bu çalışmada, üç farklı filament 
sayılarında ve farklı disklerle üretilen DTY polyester hav ipliklerinin fiziksel özellikleri 
incelenmiştir.  DTY hav iplikleri, toplam 1200 denye doğrusal yoğunlukta, 3.13, 2.08 ve 1.56 
denye inceliğindeki filamentlerin, poliüretan ve seramik disklerle yalancı büküm tekstüre 
yöntemiyle birleştirilmesi şeklinde üretilmiştir. DTY iplik numuneleri mukavemet, elastikiyet, 
kıvrım ve sıcakta çekme testlerine tabi tutulmuştur. Test sonuçları istatistiksel olarak analiz edilip 
filament inceliğinin ve disk tipinin, iplik fiziksel özellikleri üzerine anlamlı bir etkiye sahip olup 
olmadığı belirlenmiştir. Sonuçlara göre, filament inceliğinin mukavemet üzerinde anlamlı bir 
etkisi olmazken elastikiyet, kıvrım kısalması ve sıcakta çekme üzerinde anlamlı bir etkisi olduğu 
görülmüştür. Disk tipinin ise mukavemet, elastikiyet ve kıvrım kısalması üzerinde anlamlı bir 
etkisi varken, sıcakta çekme sonuçları üzerine etkisinin olmadığı sonucuna varılmıştır. 
 
Keyword: DTY, Polyester, Filament inceliği, Disk tipi, Hav ipliği. 
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Özet 

Kablo karmaşasını ortadan kaldırarak internetin mobil olarak kullanımını herkes için 
kolaylaştıran Wi-Fi (Wireless Fidelity), hayatımızda önemli bir etki oluşturmuştu. Öte yandan, 
Wi-Fi ile benzer yeni bir yöntem olan Li-Fi (Light Fidelity) daha hızlı, daha güvenli ve daha 
tercih edilebilir bir çözüm olarak karşımıza çıkmaktadır. Görünür ışık haberleşmesinin bir 
uygulaması olan Li-Fi, sızma girişimlerine karşı son derece güvenli olup iletişim kesintisine 
yönelik problemleri de azaltmasıyla özellikle uçaklardaki her yolcu için aydınlatma lambaları 
üzerinden yüksek hızlı veri bağlantısı imkânı sağlayabilir. Hassas RF aviyonik komponentler ile 
elektromanyetik girişim (EMI) olmadan uçakta güvenli bağlantıya izin vermesiyle hava 
ulaşımında hizmet veren firmalar tarafından müşteri memnuniyetini artırmak için tercih 
edilebilir. Bu makalede yeni bir internet erişim teknolojisi olarak gelişen Li-Fi ve onun uçakta 
kullanımı ele alınmış olup, tipik bir B-737 için kabinin farklı noktalarına yerleştirilen Li-Fi verici 
ve kanalların benzetim sonuçları sunulmuştur. 

 Anahtar Kelimeler: VLC; Li-Fi; kanal güç dağılımı; kanal impuls cevabı; kanal frekans cevabı; 

Abstract 

Wi-Fi, which facilitates the use of the internet for mobile by removing the cable clutter, had a 
significant impact on our lives. On the other hand, Li-Fi, a new method similar to Wi-Fi, emerges 
as a faster, safer and more preferable solution. Li-Fi, which is an application of visible light 
communication is extremely secure against leakage attempts and can provide high-speed data 
connection via lighting lamps for every passenger, especially in aircraft, by reducing the problems 
of communication interruption. It can be preferred by air transport companies to increase 
customer satisfaction by allowing secure connection on the aircraft without electromagnetic 
interference (EMI) with sensitive RF avionic components. In this article, Li-Fi developing as a 
new internet access technology and its use in aircraft are discussed, and simulation results of Li-
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Fi transmitter and channels placed at different points of the cabin for a typical B-737 are 
presented. 

 
Keyword: VLC; Li-Fi; channel power distribution; channel impuls response; channel frequency 
response 
 
1. Giriş  
Veri iletişimine olan talep son birkaç yıl içinde çarpıcı bir şekilde arttığından, yüksek kapasite ve 
hızda bilginin iletilebilmesi için elektromanyetik spektrumda çok daha yüksek frekans bandlarına 
çıkılması gerekmekte ve artan talebi karşılamak için çeşitli yenilikçi yöntemler denenmektedir. Bu 
bakımdan haberleşmenin optik iletim alanında ağırlık kazanacağı anlaşılmakta ve serbest uzayda 
ışığın yayılımını kullanarak haberleşmeye olanak sağlayan serbest uzay optik haberleşmesi (FSO) 
ve görülebilir ışık iletişimi (VLC) hızla gelişmektedir. Optik spektrumun çok yüksek bilgi taşıma 
kapasitesine sahip olmasından dolayı özellikle aydınlatma amacıyla son yıllarda çok yaygın olarak 
kullanılan LED’ler (Light Emitting Device) sayesinde görünür ışık haberleşmesinin (VLC) 
gittikçe popüler bir araç olacağı anlaşılmıştır.  
 

Table 1. Li-Fi’nin Avantajları 

Sıra No Li-Fi’nin  
Avnatajları Açıklama 

1 Yüksek Hız 1 gigabit hızında iletişim olanağı sağlar. 
 

2 Güvenlik 

Li-Fi sinyalleri duvarların ötesine 
geçmediğinden sızmaya karşı 
güvenlidir. 
 

3 
 
 
4 

Akıllı Ortam 
 
 
Uygunluk 

Li-Fi ortamdaki mürettebat paneli, 
havalandırma gibi diğer IP tabanlı 
araçlara kolayca erişilmesini sağlar. 
 
Li-Fi, Wi-Fi gibi diğer radyo sinyalleri 
ile girişim yapmaz. 

 
Li-Fi bağlantısı için LED aydınlatma sistemleri ile internet erişimi sağlanabilir. Uçak içi internet 
erişiminin sağlanmasında Wi-Fi birçok dezavantaja sahip olduğundan hâlihazırda yolculara 
aydınlatma amacıyla sunulmakta olan tepe lambaları üzerinden Li-Fi yöntemi ile bu ihtiyaç daha 
efektif biçimde giderilebileceği son dönemlerde görülmüş ve üreticiler tarafından yakından takip 
edilmektedir. 
[1]’de Airbus'ın uçak veri uzmanı Valentin Kretzschmar, Airbus’ın kabinde Li-Fi erişimi 
sağlamak için çözümler üzerinde çalıştığını, Wi-Fi’nin sebep olduğu sorunları Li-Fi ile 
aşabileceklerini söylüyor. Öte yandan yine Airbus’ın dijital dönüşüm şefi Eric Peyrucain, 
"ofislerimizdeki veri akışlarının dışarıdan saldırıya uğramasını istemiyoruz ve Li-Fi benzersiz bir 
çözüm sağlıyor, çünkü sinyal duvarlardan iletilmiyor", diyor. Peyrucain'e göre, Li-Fi'nin 
Airbus'taki potansiyel uygulamaları uçaklarla sınırlı değil. Üretim tesisleri için de büyük bir 
potansiyele sahip. [2]’de  Edinburgh Üniversitesi'nde Mobil İletişim Profesörü Harald Haas 
“havayollarının daha çok ağırlıktan tasarruf ettikleri için Li-Fi ile ilgilendiklerini ve koltukların 
genellikle kablolarla sabitlenmiş olup esnekliklerinin de sınırlı olduğundan hizmet verdikleri 
bağlantıya bağlı olarak koltuk aralığını değiştirebilmek istediklerini” ve  ayrıca “büyük bir uçak 
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firmasının, tepe lambasını kullanarak uçak içi eğlence sistemleri için Li-Fi potansiyelini test 
ettiğini” bildirdiğinden bahsediliyor.  
 
Görülebilir Işık İletişimi (VLC)’nin bir uygulaması olan Li-Fi’nin uygulama alanlarının 
yaygınlaşması ile birlikte uçak içi kullanımına yönelik araştırmalarda hızlanmıştır. [3]’te uçak için 
tasarlanmış bir VLC sistemin SNIR (Signal-to-Noise-plus-Interference Ratio) tahminlerine 
çalışılmıştır. Kendi geliştirdikleri bir MMCA (Modified Monte Carlo) ışın izleme simülatörü 
kullanarak, farklı koşullar altında sinyal kaynakları, gürültü ve girişimi ele almışlar, ve sonuç 
olarak SNIR'nin esasen yan koltuklardan gelen girşim kaynaklarından etkilendiğini, güneş 
gürültüsü ve diğer ışıkların ise nispeten düşük bir etkiye sahip olduğunu göstermişlerdir. [4]’de 
uçak içindeki LED li aydınlatma lambaları üzerinden iletişimin sağlanabileceğini göstermek için 
bir laboratuvar uygulaması yapılmıştır.  555 timer entegre devresi LED ile birlikte kullanılarak bir 
verici ve Texas Instrument tarafından geliştirilen OPT101P-J parça numaralı optik sensor 
kullanılarak bir alıcı tasarlanmış ve LED’lerin aydınlatma ile birlikte kısa mesafede iletişim içinde 
kullanılabileceği gösterilmiştir. [5]’te tipik bir dar gövdeli uçak için internet bağlatısı Wi-Fi, LTE 
ve Li-Fi üzerinden yapılması durumunda data hızlarının nasıl olacağını karşılartıran bir 
simülasyon çalışması yapılmıştır. Sonuçların sırasıyla, 164 Mb/s, 642 Mb/s ve 3.49 Gb/s ile Li-
Fi’nin en iyi performansı ürettiği ve bu sonucun istenilen hız olan 1.2 Gb/s’tan yaklaşık 3 kat daha 
iyi olduğu gösterilmiştir. [6]’da bir Boeing 747-400 için biri ortada ikisi duvarlarda olmak üzere, 
ADT (Angle Diversity Transmitter) birimlerine dayalı iki tür okuma ışığı verici olarak 
düşünülmüş, alıcı tarafında ise dört bacaklı ADR (Angle Diversity Receiver) ve 25 piksel ImR 
(Imaging Receiver) kullanılarak bir VLC iletişim sistemi kurgulanmıştır. Sonuçta, gecikme 
yayılması ve SINR belirlenip iki tür alıcı karşılaştırılmış ve her iki alıcı türü de her kullanıcı için 
22,8 Gbp/s'ye kadar yüksek veri hızını destekleyen bir SINR sunduğu gösterilmiştir. 
 
2. Malzeme ve Yöntemler 
Bu çalışma tipik bir B-737 dar gövdeli uçak kabini için düşünülmüş olup Li-Fi verici LED’leri ilk 
durumda; altı kişilik bir sıradaki her bir yolcu için bir adet, ikinci durumda; üç kişilik bir sıradaki 
her üç yolcu için 1 adet olmak üzere baş üstü paneline, üçüncü durumda ise; altı kişilik bir sıradaki 
altı yolcu için bir adet tavanın orta kısmına yerleştirilmiştir. Simülasyon çalışması Optisystem 
V18.0 programında yapılmış olup sistem modeli aşağıda verildiği gibidir. 
 
LED iletim kaynaklarını Lambert'in kosinüs yasasına uyan Lambertian biçimindedir. Bu sebeple 
Li-Fi kanal modeli, Lambertian kaynak modeli ile modellenmiştir. W/sr cinsinden LED ışıma 
yoğunluğu şu şekilde verilir: 
 
𝑹𝟎(∅) = [

(𝒎+𝟏)

𝟐𝝅
] 𝒄𝒐𝒔𝒎∅      (1) 

 
Burada ∅ alıcıya göre ışıma açısı ve m Lambertian seviyesi olup aşağıdaki gibidir. 
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Şekil 1- Işık Yayılma Geometrisi [7] 

 
𝒎 = −

𝒍𝒐𝒈𝟐

𝒍𝒐𝒈𝒄𝒐𝒔(∅𝟏
𝟐

)
       (2) 

Burada  ∅1/2, yarı güçteki verici yarı açısıdır.  Radyant yoğunluğu, steradian (sr) cinsinden ölçülen 
birim katı açı başına yayılan, yansıtılan veya alınan radyant akı (güç) olarak tanımlanır.  Vericinin 
eksenel simetrik ışıma modelinin PtR0(∅)’yi yaydığını varsayalım. Burada Pt iletilen ortalama 
optik güçtür. Bu durumda alıcıdaki parlaklık şu şekilde olacaktır. 
 
𝑰𝒔(𝒅, ∅) =

𝑷𝒕𝑹𝟎(∅)

𝒅𝟐        (3) 
 
Burada d şekil 1’de gösterilen verici ve alıcı düzlemleri arasındaki mesafedir. Şekil bir yüzeyden 
yansıma nedeni ile bir LoS ve bir NLoS ışını göstermektedir. 
Alınan güç şu şekilde hesaplanır: 
 
𝑷 = 𝑰𝒔(𝒅, ∅)𝑨𝒆𝒇𝒇(𝜳)      (4) 
 
Burada Ѱ alıcı eksenine göre olay (incident) açısıdır ve alıcının etkin toplama alanı Aeff  aşağıdaki 
şekilde verilir.  
 
𝑨𝒆𝒇𝒇(Ѱ) = ( 𝑨𝒅𝒆𝒕𝑻𝒔(Ѱ)𝒈(Ѱ)𝒄𝒐𝒔(Ѱ),     𝟎≤Ѱ≤Ѱ𝒄

𝟎                                                        Ѱ>Ѱ𝒄
)    (5) 

 
Burada Ѱc alıcının görüş alanı (Field of View-FOV)’dır. Adet dedektör alanı, Ts optik filtre iletim 
kazancı, g alıcı lens kazancı ve n lens kırılma indisidir. 
Alıcı lens kazancı aşağıdaki denklem kullanılarak hesaplanabilir. 
 

𝒈(Ѱ) = (
𝒏𝟐

𝒔𝒊𝒏𝟐Ѱ𝒄
,                                 𝟎≤Ѱ≤Ѱ𝒄

𝟎,                                           𝒆𝒍𝒔𝒆𝒘𝒉𝒆𝒓𝒆 
)    (6) 

 
Tipik olarak, optik alıcı bir yoğunlaştırıcıdan (optik lens), bir optik filtreden, detektör ve 
transimpedans amplifikatöründen (TIA) oluşur [8]. 
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LOS Lambertian kanalı için DC yakınında nispeten düz yanıt varsayan Li-Fi kanalı frekans yanıtı 
aşağıdaki gibidir [7]. 
 

𝑯(𝟎) = (
(𝒎+𝟏)𝑨𝒅𝒆𝒕

𝟐𝝅𝒅𝟐 𝒄𝒐𝒔𝒎(∅)𝑻𝒔(Ѱ)𝒈(Ѱ)𝐜𝐨𝐬 (Ѱ),                          𝟎≤Ѱ≤Ѱ𝒄

𝟎,                                                                                                        Ѱ>Ѱ𝒄
)  (7) 

 
Bir LOS Li-Fi kanal alıcısı için alınan güç şu şekilde verilir:  
 

𝑷𝒓 = (
𝑷𝒕(𝒎+𝟏)𝑨𝒅𝒆𝒕
𝟐𝝅𝒅𝟐𝒔𝒊𝒏𝟐Ѱ𝒄

𝒄𝒐𝒔𝒎(∅)𝑻𝒔(Ѱ)𝒏𝟐𝐜𝐨𝐬 (Ѱ),                          𝟎≤Ѱ≤Ѱ𝒄

𝟎,                                                                                                        Ѱ>Ѱ𝒄
)  (8) 

 
Hata olasılığı şu şekilde verilir: 
 
𝒑(𝒆) = 𝑸(√𝑺𝑵𝑹)       (9) 
 
Buradaki işaret-gürültü oranı SNR aşağıdaki gibidir. 
 
𝐒𝐍𝐑 =

𝑷𝒔

𝑷𝒏
=

(𝑹𝑷𝒓)𝟐

𝝈𝒕𝒐𝒕
𝟐        (10) 

 
Burada R, dedektör tepkisidir ve σ2

tot, alıcıda mevcut olan toplam gürültü varyansıdır. Q faktörü 
şu şekilde tanımlanır[9]: 
 

𝑸(𝒙) =
𝟏

𝟐𝝅
∫ 𝒆

−𝒚𝟐

𝟐 𝒅𝒚
∞

𝒙
      (11) 

  
 
 

Table 2. Simülasyon Parametreleri 

Sıra No Li-Fi’nin  
Avnatajları Açıklama 

1 Referans Dalga Boyu  193,75 THz 
2 Alıcı Görüş Alanı 70° 
3 
4 
5 
6 

Alıcı Alanı 
LED Optik Gücü 
Verici LED Sayısı 
Optik Filtre Kazancı 

0,0001m2 

20mW 
1 
1 

 
Table 3. Kabin Boyutları 

Sıra No Li-Fi’nin  
Avnatajları Açıklama 

1 Koltuk Genişliği 0,5m 
2 Koltuklar Arası Mesafe 0,76m 
3 
4 
5 
6 

Zemin-Tavan Mesafesi 
Zemin-Başüstü Panel Mesafesi 
Zemin Oturma Mesafesi 
Kabin Genişliği 

2,2m 

1,68m 
0,6m 
3,54m 
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3. Sonuçlar ve Tartışma 
 
Her Yolcuya Bir Li-Fi Bağlantısı Sunulması Durumu 

 
Şekil 2- Birinci Durum İçin Kabin Geometrisinin Temsili Gösterimi 

 
Bu yerleşim planında bir sırada bulunan altı yolcunun her biri için baş üstü paneline bir adet Li-Fi 
vericisi Şekil 2’de tasvir edildiği gibi konumlandırılmış ve her biri aynı olan altı adet kanalın 
sadece bir tanesi için benzetim sonuçları aşağıda verilmiştir. 
 

 
Şekil 3- Birinci Durumda Li-Fi Kanalın Güç Dağılımı 
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Şekil 4- Birinci Durumda Li-Fi Kanalın Frekans Cevabı 

 

 
Şekil 5: Birinci Durumda Li-Fi Kanalın İmpuls Cevabı 

 
 
Her Üç Yolcuya Bir Li-Fi Bağlantısı Sunulması Durumu 

 
Şekil 6- İkinci Durum İçin Kabin Geometrisinin Temsili Gösterimi 

 
Bu yerleşim planında her bir grupta bulunan üç yolcu için baş üstü paneline bir adet Li-Fi vericisi 
Şekil 6’da tasvir edildiği gibi konumlandırılmış ve her biri aynı olan dört adet kanalın (yolcu 
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1,3,4,6) sadece bir tanesi için benzetim sonuçları aşağıda verilmiştir. (2 ve 5 nolu yolcular için 
oluşan kanal parametreleri geometri değişmediğinden bir önceki durum için aynıdır). 
 

 
Şekil 7- İkinci Durumda Li-Fi Kanalın Güç Dağılımı 

 

 
Şekil 8- İkinci Durumda Li-Fi Kanalın Frekans Cevabı 

 

 
Şekil 9- İkinci Durumda Li-Fi Kanalın İmpuls Cevabı 
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Her Altı Yolcuya Bir Li-Fi Bağlantısı Sunulması Durumu 

 
Şekil 10- Üçüncü Durum İçin Kabin Geometrisinin Temsili Gösterimi 

 
Bu yerleşim planında bir sırada bulunan altı yolcu için bir adet Li-Fi vericisi Şekil 10’da tasvir 
edildiği gibi ortaya tavana konumlandırılmış ve koridor, orta ve cam tarafı olmak üzere benzetim 
sonuçları aşağıda verilmiştir. 
 

 
Şekil 11- Üçüncü Durumda Li-Fi Kanalın Güç Dağılımı 

 

 
Şekil 12- Üçüncü Durumda Li-Fi Kanalın Frekans Cevabı (Koridor Tarafı) 
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Şekil 13- Üçüncü Durumda Li-Fi Kanalın Frekans Cevabı (Orta Taraf) 

 

 
Şekil 14- Üçüncü Durumda Li-Fi Kanalın Frekans Cevabı (Cam Tarafı) 

 

 
Şekil 15- Üçüncü Durumda Li-Fi Kanalın İmpuls Cevabı (Koridor Tarafı) 
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Şekil 16- Üçüncü Durumda Li-Fi Kanalın İmpuls Cevabı (Orta Taraf) 

 

 
Şekil 17- Üçüncü Durumda Li-Fi Kanalın İmpuls Cevabı (Cam Tarafı) 

 
 
4. Neticeler:  
Üreticiler genel olarak her bir kullanıcı için yolcuya özel tepe lambası üzerinden iletişimin 
sağlanabileceği yönünde uçakta Li-Fi dan bahsediyor. Ancak uçak komponentlerinin pahalı olması 
ve operasyonel işletmenin de maliyetleri yüksek olması sebebi ile bir bölümdeki her üç yolcuya 
bir Li-Fi desteği ya da bir sıradaki her altı yolcuya tek bir Li-Fi bağlantısı sunmak suretiyle de 
iletişim sağlanabilir. Güncel olarak VLC iletim kanal yapıları, farklı alıcı-verici mimariler ve kabin 
içerisinde farklı planlama yöntemleri araştırılmaktadır.  
 
Bu çalışmada, tipik bir B-737 için kabinin farklı noktalarına yerleştirilen Li-Fi verici ve kanalların 
benzetim sonuçları sunulmuş olup Li-Fi vericisi olarak kullanılan LED’in kapsadığı hacim 
büyüdükçe bir uçak kabininde güç dağılımının nasıl olacağı ve alıcı ile verici arasındaki mesafe 
arttıkça kanalın frekans ve impuls cevabının ne olacağı gösterilmiştir. 
Güç dağılımı ilk durumda 6,15dBm’den en uzak köşede 4.85 dBm seviyesine kadar düşerken, 
ikinci durumda 2.4 dBm ve üçüncü durumda -3.8 dBm olduğu gözlemlenmiştir. Ayrıca kanalın 
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frekans cevabı |H(f)|’nin ilk durumda 0.00352 seviyesinden sırasıyla, 0.000686, 0.000162, 
0.0000995, 0.0000539 seviyesine ve İmpuls cevabı h(t)’nin 0.00075 seviyesinden sırasıyla, 
0.00051, 0.00028, 0.00017, 0.00009 seviyesine kadar indiği görülmüştür. 
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Abstract 

Recent developments in advanced engineering applications are permanently increasing the 
demand for new and reliable materials. Aluminum matrix composites are new generation metal 
matrix composites that have the potential to meet these demands. Due to the developments 
recorded in studies on Al matrix composites in recent years, such as improving mechanical 
properties, reducing production costs and adapting to new generation technologies, researches are 
increasing day by day. Al matrix composites have an important place among engineering materials 
due to their high strength/weight ratio, high hardness and high corrosion resistance. They used for 
the production of different parts and equipment, especially in the aerospace industry. Various 
production techniques and test methods are available for the production of aluminum matrix 
composites. In this review study, a research conducted on the reinforcing materials in Al matrix 
composites produced by powder metallurgy technique. The selection of reinforcement materials 
in the right combinations affects the performance of these materials. In addition, combinations of 
Al matrix and reinforcing particles used in the design of Al matrix composites is given and how 
these reinforcing particles affect the mechanical properties of materials. 

Keywords: Aluminium Metal matrix composites, SiC, TiO2, Powder Metallurgy, Mechanical 
Properties 

1. Introduction
Composite materials can be defined as a material structure consisting of at least two 
macroscopically definable materials working together to achieve a superior result [1]. They 
composed of matrix and reinforcements. These two materials often called continuous and 
discontinuous phases, where the discontinuous phase known as the reinforcement phase or 
reinforcement material, it will be much harder and stronger than the continuous or matrix phase 
[2]. Composites are classified according to the type of matrix material they contain. There are three 
main types of matrix materials: polymer matrix composites (PMCs), ceramic matrix composites 
(CMCs), and metal matrix composites (MMCs). MMCs are the most widely used composite type 
in industrial applications because of their various advantages over PMCs and CMCs [3]. In MMCs, 
the matrix material consists of a metal. The metal matrix is the continuous phase of the composite 
and acts as a binder surrounding the reinforcement. The metal matrix transmits and distributes the 
load to the reinforcement, which is the dispersed phase [4]. MMCs have been used mainly in the 
aerospace, automobile, defense, marine, sports and recreation industries due to their properties 
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such as specific strength/weight ratio and simultaneously cost efficiency, and it is seen that 
traditional metallic alloys are rapidly replaced in many applications [5].  

There are different metallic matrix materials in composite materials that can be selected depending 
on the type of application and the matrix material needed [6-9]. The main metallic matrix materials 
used are titanium, aluminum and magnesium. Aluminum matrix composites (AMCs) use pure 
aluminum or its alloy as the matrix and are increasingly used in industrial applications due to their 
superior mechanical, material and tribological properties. [10]. There are many reinforcement 
particles, which selected depending on the type of property, desired from the composite material 
[11,12]. Predominantly used reinforcement particles are hard ceramics such as silicon carbide, 
aluminum oxide, graphite or fly ash may be used as reinforcing materials that will form good 
interfaces with the matrix phase [13]. By reinforcing these composites with the addition of ceramic 
particles, materials with superior properties that can be used in high temperature applications are 
produced. Especially among some aluminum alloy series, 6000 series aluminum alloy (heat 
treatable Al6060, Al6061, Al6063A, Al6065, Al6081, Al6082, Al6105, Al6162 and Al6951) has 
been extensively researched in the literature. It is noteworthy that Al6061 alloy has high corrosion 
resistance, moderate strength, and finds many applications in the fields of civil works and 
automobile applications [14].  

In this article, we discussed about research articles on Al MMCs produced by powder metallurgy 
method. Al MMCs are generally produced by two methods, the solid state method and the liquid 
state method [15]. These methods are given in detail in the following parts of the study. In addition, 
studies on the reinforcement materials used in Al MMCs produced by powder metallurgy method 
and the effects of these reinforcements on the mechanical properties of the produced material are 
included. 

2. Production Methods of Aluminium Metal Matrix Composites (Al MMCs)
Al matrix composites are generally produced in two different routes; solid route and liquid route. 
While the solid route includes production with powder metallurgy techniques, the liquid route 
includes production methods such as stir casting, squeeze casting and compo-casting [15]. 

2.1 Solid State Method 
The solid state production process of Al MMCs takes place by bonding the matrix metal and the 
dispersed phase, as a result of mutual diffusion in the solid state under high temperature and 
pressure. One of the advantages of this method over the liquid state production method is that 
undesired reactions can be suppressed at the interface between the matrixes and the reinforcement 
phases. There are two different solid state production methods, such as diffusing bonding and 
powder metallurgy, in the production of Al MMCs. The most commonly preferred method is 
powder metallurgy [15]. 

2.1.1. Powder Metallurgy Method 
The use of powder metallurgy technique has gained great importance in the production of Al 
MMCs, as it enables the production of composite structures in which the reinforcing particles have 
a higher volume fraction [16]. In addition, net shaped products that do not require post-production 
processing can be easily produced with powder metallurgy technique [17]. This technique is based 
on mixing matrix material with continuous or discontinuous fiber reinforcement. Since metal 
matrix powders and ceramic reinforcements easily mix and integrate, these materials are produced 
by mixing, compacting and sintering, respectively [18]. In the powder metallurgy technique, the 
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for further production stages. In the process, it is essential that the selection is made by considering 
the compatibility of the ceramic reinforcement with the matrix alloy [15]. 

Liquid state processing methods commonly used in the production of Aluminum Metal Matrix 
Composites (Al MMCs) can be classified as stir casting, squeeze casting and compo-casting. Brief 
information about these methods are presented below. 

2.2.1 Stir Casting 
In the production of Al MMCs, the simplest and most commercially used technique as the liquid 
state production method is the stir casting technique. In this method, the solid reinforcement is 
simply mixed in the liquid metal and then allowed to solidify in a suitable mold. The matrix 
material is melted at a temperature above its melting temperature before the reinforcement material 
is added, and reinforcement is added gradually. The mixture can be agitated continuously as the 
reinforcement is added to the matrix material. The main thing in this process is to create a good 
wetting between the particle reinforcement and the liquid aluminum alloy melt [20]. 

2.2.2 Squeeze Casting 
Squeeze casting is a fusion metal forming process that combines fixed die casting and die forging 
in a single operation. In this process, a certain amount of molten phase matrix metal alloy is poured 
into a pre-heated lubricated mold, and the next step is forging and solidification under hydrostatic 
pressure [14]. 

2.2.3 Compo-casting 
Compo-casting is a semi-solid processing method in which ceramic reinforcement particles are 
added to the semi-solid matrix alloy by mechanical mixing. There are two different versions of 
this technique: semisolid-semisolid (SS) and semisolid-liquid (SL). In both versions, the matrix 
alloy is semisolid during the mixing step, while during the casting step the matrix is partially liquid 
or fully liquid for the SS and SL routes, respectively. Porosity and machining difficulties are the 
biggest disadvantages of the SS method [15]. 

3. Reinforcing materials in Al MMCs
It is possible to classify the reinforcement materials used in the development of Al MMCs in three 
broad groups: synthetic ceramic particles, industrial wastes and agricultural waste derivatives [17]. 
The individual properties of the chosen reinforcement and matrix alloy determine the final 
properties of Al MMCs [21-23]. The nature of the matrix alloy and reinforcement material is taken 
into account in the processes applied to synthesize Al MMCs. When the studies are examined, it 
has been determined that most of the parameters (reinforcement type, size, shape, modulus of 
elasticity, hardness, distribution of reinforcement in the matrix) taken into account during the 
design of Al MMCs are related to the reinforcement material used [13]. Based on the reviewed 
published articles, the reinforcements used in the Al MMCs produced by the powder metallurgy 
technique examined and the effect on the mechanical properties of the final composite material 
reported according to the proportions of the reinforcements. 

4. Literature Survey
Ravichandran et al. produced TiO2 reinforced Al-MMCs using liquid powder metallurgy method. 
The matrix and reinforcements have been verified by metallurgical tests. When the tensile strength 
and hardness properties of the obtained composite materials were examined, the best mechanical 
properties were determined in the mixture of pure aluminium with TiO2 (5% weight) [24]. In 
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another study, graphene oxide (GO) powder was dispersed into AlMg5 matrix using high energy 
ball milling. The resulting mixture was then fully densified by hot pressing. They found that 1% 
vol. of GO addition to the Al alloy matrix led to a significant improvement in the mechanical 
resistance of the composite.  Nevertheless, they found that the ultimate tensile strength (540 MPa) 
and the macro hardness (166 HV) values are increased by a factor of 2 compared to the same 
AlMg5 alloy without nanoparticle material and compacted under the same conditions. It was 
observed that the bending strength increased 4 times and reached a value above 800 MPa [25]. Al-
xNi-yCeO2 (x = 6, 10, 15, 20 and y = 0, 5, 10 wt%) composites were produced by powder 
metallurgy method. Al, Ni and CeO2 powder mixtures were produced by mechanical alloying 
(MA) for 4 hours in a Spex type high energy ball mill. The effects of MA treatment and Ni and 
CeO2 amounts on the microstructural, mechanical and tribological properties of sintered 
composites were determined. The hardness values of sintered composites increased with 
mechanical alloying and increasing Ni and CeO2 amounts. In addition, according to the 
reciprocating wear test results showed both the wear resistance and hardness values of the 
composites increased with increasing Ni and CeO2 amounts [26].  

Amin Azimi et al. studied the mechanical behavior of AA7075/TiC composites produced by 
powder metallurgy. They reported that the tensile behavior of the investigated composites 
increased and this was due to the fine distribution of the particles on the matrix material [27]. In 
another study, the mechanical and thermal behavior of Al/Acrawax lubricant powder was 
investigated and it was determined that the presence of lubricant on the matrix material caused a 
decrease in mechanical properties, and that the sintering process created structures with less 
porosity in composite structures [28]. Sajjad Arif et al. investigated the mechanical behavior and 
microstructural modifications of pure Al/SiC composites produced by powder metallurgy routine. 
It was observed that the addition of SiC improved the mechanical and wear behavior of the 
composites [29]. In another study, the wear behavior of composites developed by AA6061 matrix 
liquid pressure infiltration process containing 20 vol.% Saffil (Alumina fibers) + SiC was 
investigated. It was determined that the wear resistance of the composite increased with the 
increase in weight of SiC compared to the composites containing saffil [30]. Dhanashekar et al. 
investigated the mechanical properties and wear behavior of AA6061/Silicon Carbide (SiC), 
varying weight percentage of SiC particles (0, 2. 5, 5 and 7.5 wt%), composites produced by 
powder metallurgy technique. As a result of the analysis, it was observed that the hardness and 
compressive strength values of the composite increased with the addition of increasing 
reinforcement. The produced composites showed a good sintering reaction and the obtained 
density was maximum. The wear rate of the composites decreased with increasing SiC ratio by 
weight [31].  

Wang et al. produced Al composites reinforced with carbon nanotubes (CNTs) in two aspect ratios 
using different powder metallurgy methods, followed by spark plasma sintering and hot extrusion 
methods. The mechanical properties of CNT reinforced Al composites were tested at various 
loading rates to determine the effect of CNTs on the strength of the composite. Mechanical tests 
revealed that the addition of CNTs to the Al matrix increased not only the strength but also the 
strain rate sensitivity compared to pure Al. Under dynamic loading, the composites showed an 
increase in strength and elongation-to-failure simultaneously due to the increasing strain hardening 
rates [32]. Surya et al. investigated the microstructure and mechanical properties of SiCp 
reinforced Al7075 metal matrix composites. Al/SiC composites containing 0, 5, 10, 15, 20, 25 and 
30 wt% SiC were produced by compression, mixing and sintering processes, respectively. They 
found that composites containing 15 wt% SiC had higher mechanical properties such as hardness, 
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toughness and bending strength compared to other samples due to uniform distribution of SiC 
particles [33]. In other study, Aluminum-Titanium carbide (TiC) metal matrix composites were 
produced by powder metallurgy technique in which mechanical alloy powders were sintered in 
three different volume fractions: 100%-Al, 95%-Al and 5%-TiC and 90%-Al and 10%-TiC. 
Mechanical tests have shown that the addition of SiC to the Al matrix significantly increases the 
hardness of the final composite [34]. Mhaske et al. investigated the mechanical properties and 
microstructural analyzes of Al-SiC composites under different process conditions. The hardness, 
compression strength and shear strength values of Al-SiC composites containing 5, 10 and 15 wt% 
SiC were investigated. It was emphasized that the composite containing 15 wt% SiC possesses the 
optimum mechanical properties desired [35]. Prakash et al. produced multi-walled carbon 
nanotube (MWCNTs) reinforced Al6061 alloy by powder metallurgy method. The distribution of 
carbon nanotubes in the Al matrix carried out by microstructure investigations using scanning 
electron microscopy. When the micro hardness, impact strength and ultimate tensile strength of 
Al6061 alloy and Al6061 alloy-MWCNTs composites were examined, it was determined that the 
addition of MWCNTs to the Al6061 alloy improved these properties [36].  

The mechanical behavior of Al matrix composites reinforced with 5, 10 and 20 wt% kaolin 
reinforcements was investigated by Venkatesh et al. tensile strength, compressive strength, density 
and hardness tests were performed on the produced composite samples. They found that the 
hardness of the Al matrix composite containing 20% by weight of A-kaolin increased from 77 
VHN to 187 VHN. They also determined that the tensile and compressive strength of the final 
composite increased with the addition of reinforcement from 0% to 20% due to the presence of 
hard ceramic particles such as Al2O3 and SiO2 in the kaolin reinforcement. In particular, it was 
found that the tensile strength increased by 54.8% with the addition of 20 wt% compared to pure 
Al [37]. Zaki et al. aimed to achieve better mechanical properties of the Al composite by mixing 
boron carbide (B4C) & manganese (Mn) powders at 2, 4 and 6 wt% to the Al matrix with powder 
metallurgy technique. They reported that the addition of B4C from 2% to 4% to the Al matrix 
increases the hardness of the composite, but the addition of from 4% to 6% B4C reduces the 
hardness of the composite. As well as, the Rockwell hardness values of Al-B4C-Mn was examined, 
it was revealed that the addition of Mn from 2% to 4% decreased the hardness of the composite, 
while the addition of Mn from 4% to 6% increased the hardness of the composite [38]. Karabulut 
et al. produced Al6061 reinforced with 5–20 wt% B4C using a powder metallurgy method. They 
reported that the hardness value of the composite samples increased with increasing B4C content 
and the maximum hardness value formed for 20% B4C [39]. Jeevan et al. investigated Aluminum 
alloy 6082 (AA6082) reinforced with zirconia toughened alumina with different weight fractions. 
They observed that the increase in the weight fraction of ZTA resulted in a sustained increase in 
the hardness of the AA6082/ZTA composites due to hard particles obstruct the dislocation motion 
and increase the strength and hardness of a material [40]. Kumar et al. also mentioned the similar 
effect of the addition of TiO2 on the hardness of Al-15wt.%SiC/TiO2 hybrid composites [41].  

5. Conclusions
This paper presents information about Al matrix materials (pure Al, AlMg5, AA7075, AA6082, 
etc.) and reinforcement materials (TiO2, GO, TiC, ZTA, B4C, etc.) used in Al matrix composites 
produced by powder metallurgy method and detailed information about the effect of reinforcement 
material selection on the mechanical properties of the produced composites. A wide variety of 
reinforcement materials, ranging from hard ceramics to nanomaterials have been observed in the 
production of Al matrix composites. It has been observed that the addition of various hard particles 
to the Al matrix materials increases the strength and hardness of the composite because it prevents 
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the dislocation motion. Also ultimate tensile strength and the macro hardness values are increased 
by a factor of 2 chance in Al MMCs. Bending strength properties almost increased 4 times of base 
aluminum alloy. In addition, the process techniques for the production of these composites are also 
included. In the reported studies, it has been understood that the powder metallurgy method is the 
most widely used process method due to its ease of operation and low cost compared to other 
production methods. However, there is a clear need to experiment with more matrix and 
reinforcement configurations in this area in order to produce sustainable, reliable and better service 
life Al MMCs. In addition, it would be beneficial to focus on improving the properties of Al 
MMCs, such as fatigue, oxidation behavior and corrosion behavior, which needed in application 
areas. Still, the field of AI-MMCs is under development. It is obvious that the new generation 
hybrid composites still show some limitations and are therefore open to future research.  
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Abstract 

The effects of utilizing lightweight (expanded glass) aggregate (LEGA) on the characteristics of 
lightweight geopolymer mortar are investigated in this study. The mechanical characteristics of 
LWGM are also investigated as a function of temperature (room temperature, 250°C, and 500°C). 
With 10% and 20%, LEGA can be utilized as a partial replacement for river sand. Slag was used 
as the basic material for LWGM, which was activated with a solution of sodium silicate and 
sodium hydroxide. At room temperature, three distinct combinations were produced and cured. 
The characteristics of workability and density were tested for the fresh situation. To examine the 
mechanical characteristics of LWGM, a number of experiments were carried out, including 
compression tests. The study discovered that when the degree of LEGA replacement increases, the 
density and compressive strength of the LWGM decreases. The mechanical characteristics of 
examined materials exposed to extreme temperatures of 500°C altered considerably, according to 
the experimental data.    

Keywords: Lightweight Geopolymer Mortar (LWGM), Lightweight Expanded Glass Aggregate 
(LEGA), Elevated Temperatures, Mechanical Characteristics. 

1. Introduction
The tremendous need for basic Portland cement concrete (OPC)) results in an ecological imbalance 
due to the emission of large amounts of carbon dioxide (CO2) and the continuous consumption of 
natural resources. As you know, the cement manufacturing process pollutes the air by releasing 
carbon dioxide gases into the atmosphere. OPC production's contribution to carbon dioxide 
emissions accounts for approximately 6% of total output of greenhouse gases[1]. In order to reduce 
the carbon footprint in buildings industry and use industry by-product materials it is necessary to 
create alternative binders. Geopolymer (GP) is a new kind of eco-friendly inorganic binder 
produced from industrial by-products and a concrete replacement binder [2] Compressive strength 
rises as the curing temperature and time rise. The full-strength value can be achieved by curing at 
temperatures ranging from 60 to 90 degrees Celsius for a period of 24 to 72 hours [3]. 

2. Experimental Study
2.1 Materials  
2.1.1 River Sand 
The locally available river sand is utilized. River sand has been partially replaced by LEGA in this 
study. River sand is 2.68 in particular, 2.86 in the fine module and 0.58 % in all geopolymer 
mixtures, in water absorption is used. Figure 1 shows the river sand used in this study.   
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2.1.4 Water 
To make NaOH solution, this kind of water is used to dissolve sodium hydroxide 

2.2 Experimental Study 
(Mix Design, casting and curing of samples) 
The three stages of an experimental investigation are the most important. The first stage focuses 
on the production of geopolymer mortar using local slag and the growth of compressive power 
over various curing periods and temperatures. The alkaline is a 1:2.5 mixture of 12M NaOH 
solution and Na2 SiO3.  

2.2.1 Preparation of Alkaline Activator Solution 
By dissolving NaOH beads in water, the NaOH solution was created. The solid weight of sodium 
hydroxide in a solution change depending on the solution concentration, which is typically 
expressed in molarity (M). The concentration of NaOH used in this study was 12M. First, dissolve 
495 gm of NaOH solid in 505 gm water per liter to produce an alkaline solution. The solution was 
then allowed to cool at room temperature. The final alkaline solution for geopolymer mortar 
manufacturing was made by mixing NaOH solution with Na2SiO3 solution and leaving it for at 
least 24 hours. 

2.2.2 Mixing and Casting 
As saturated surface dry (SSD) conditions, limestone crushed aggregates were used. First, dry 
materials (fine, coarse aggregates, and GGBFS) were combined in a pan mixer for 2.5 minutes. 
The alkali activator solution, which included NaOH and Na2SiO3, was then slowly applied to the 
superplasticizer and mixed for 3.5 minutes. Using cube specimens 70*70*70 mm3, specimens 
were cast and compacted in two layers as test specimens. All specimens have been vibrated for 35 
seconds to eliminate the air vacuum. To avoid the evaporation of the alkali activator solution, the 
GPM specimens were covered with a plastic bag for 24 hours to minimize water evaporation 
during curing and then kept at room temperature for a rest time. Table 3 depicts all of the data of 
mix designs. 

Table 3. Lightweight geopolymer mortar mix designs 
Mix 
Code 

Mixture ID Binder Na2SiO3/ 
NaOH 

Molarity Aggregates Superplasticizer 
(gm) 

Slag  
(gm) 

Sand 
(gm) 

Lightweight 
Aggregate 

(gm) 
Mix 
design 
(For 
1L) 

Mix design 
LWGM 10% 

(1L) 

500 2.5 12M 1350 150 25 

Mix 1 LW10%EG 10000 2.5 12M 27000 3000 500 
Mix 2 LW20%EG 7500 2.5 12M 18000 4500 860 

2.2.3 Curing 
The GPM specimens were covered with a plastic bag for 24 hours after casting to prevent the alkali 
activator solution from evaporating. The GPM specimens were oven cured for 48 hours at 250°C 
before being increased to 500°C. However, the first 24 hours are crucial. The molds were removed 
and the specimens were wrapped in plastic bags before being returned to the oven. 
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3. Results and discussion
3.1 Workability 
As one may observe, the workability for the First Mix is (12) cm which is higher than the Second 
Mix (10) cm. As we notice that Mix 1 contains 10% of the lightweight aggregates (expanded glass) 
got higher workability than Mix 2 that contains 20% of the lightweight aggregates (expanded 
glass) as illustrated in Table 4 and Figure 2. Consequently, the flow percentage increases with the 
decrement of the percentage of lightweight aggregates. 

Table 4. LWGM's flow table 
Mix 
Code 

Mixture ID Binder 
Slag 
(gm) 

Na2SiO3/ 
NaOH 

Molarity Superplasticizer 
(gm) 

Workability 
(Cm) 

Mix 
design 

(For 1L) 

LWGM 
10%(1L) 

500 2.5 12M 25 

Mix 1 LW10%EG 10000 2.5 12M 500 12 
Mix 2 LW20%EG 7500 2.5 12M 860 10.7 

Figure 2. Flow table of different percentage mixes of lightweight aggregates 

3.2 Density Test 
For all mixes, the density was measured. Table 5 shows the results that the unit weight is 
decreasing over time beginning from the fresh unit weight until 28 days unit weight because of the 
evaporation that happens over time. Additionally, the fresh unit weight for the First Mix is (2.02) 
g/𝑐𝑐𝑐𝑐3 which is higher than the Second Mix (1.734) g/𝑐𝑐𝑐𝑐3. As one can observe that Mix 1 contains 
10% of the lightweight aggregates (expanded glass) got higher fresh unit weight than Mix 2 that 
contains 20% of the lightweight aggregates (expanded glass). The 20% EG specimen had a fresh 
density that was 14.16% lower than the 10% EG specimen. Furthermore, increasing the age of the 
LWGM from 1 to 28 days results in a slight drop in dry density values, as seen in the table. When 
comparing the dry density of the 20% EG sample to that of the 1day sample, there was a 3.22% 
drop in 28 days as presented in Figure 3. Consequently, the fresh unit weight percentage increases 
with the decrement of the percentage of lightweight aggregates in the mixture due to the decrease 
of mixture weight. Due to the much lower density of LWA, the density of the mixtures drops as 
the volume replacement of sand by LWA increases. 

10

10,5

11

11,5

12

12,5

Mix
design

(For 1L)

Mix 1 Mix 2

Workability (Cm)

Workability (Cm)
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• When the sand was replaced with LWA (expanded glass), the compressive strength was reduced.
The stronger the effect, the higher the replacement. This could be due to the LWA's reduced 
crushing resistance when compared to sand. 
• When a larger volume of sand is replaced by LWA, the strength grows after 7 days slower.
Because of the LWA's water absorption. The rate of polycondensation may be slower with time, 
resulting in a porous microstructure and decreased compressive strength. 

3.5 Effect of the Curing Temperature on the compressive strength for cubes: 

Table 7. Results of compressive strength before and after exposure to high temperatures 
Compressive strength of geopolymer mortar (MPa) 

ambient 250 °C 500 °C 
Mix 1 LW10%EG 17.9 16.78 9.02 
Mix 2 LW20%EG 6.9 7.16 3.68 

Figure 5 Results of compressive strength before and after exposure to high temperatures 

The compressive strength results after exposure to elevated temperatures of 250°C and 500°C are 
shown in Figure 5. The compressive strength values for samples at room temperature (10% EG) 
were higher than the compressive strength findings after exposure to elevated temperatures of 
250°C and 500°C, as shown in the Figure. The results for 10% EG at room temperature, for 
example, were 6.26% and 49.61% higher than the same samples at 250°C and 500°C, respectively. 
However, the compressive strength values for samples at 250°C (20% EG) were higher than the 
compressive strength findings after exposure to elevated temperatures of room temperature and 
500°C [3]. The results for 20% EG at 250°C were 3.63% and 48.6% higher than the same samples 
at room temperature and 500°C, respectively, as illustrated in Table 7. 

The significant thermal shrinkage caused by the vaporization of water from the geopolymer 
structure was attributed to the decrease in strength at 500°C. As the heating temperature rises, the 
water is converted into water vapor, and the pressure of the water vapor rises. When the vapor 
pressure reaches its absolute limit, the matrix with lower permeability will be unable to withstand 
the high thermal stresses, resulting in extreme thermal cracks on the surfaces or within sections of 
the samples and a decrease in compressive strength [4]. The difference in thermal expansion 
between the geopolymer matrix and lightweight aggregate is another reason for the loss of strength  
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[3] confirmed a similar finding regarding the deterioration of compressive strength of lightweight 
geopolymer mortar (Expanded Glass) after exposure to high temperatures [5]. 

However, the greatest compressive strength percentage of lightweight geopolymer mortar for 20% 
EG samples was 7.16 MPa at 250°C, while the compressive strength reduced to 3.63% and 48.6% 
at ambient temperature and 500°C, respectively. The factors in the increase in strength at 250°C 
were evaporation of free water due to sintering at this temperature, as well as a mix of geopolymer 
matrix and aggregates. Additionally, bonding and strength at 250°C, were improved as well.  
When the temperature was raised to 500°C, however, all of the samples' strength declined, as 
shown in Figure 5. The compressive strength of the 10% EG sample declined from 17.9 MPa at 
ambient temperature to 9.02 MPa at 500°C. 

4. Conclusion
Based on the experimental findings of this study, the following conclusions can be summarized: 
 According to the most recent LWGM test findings, raising the LECA replacement amount

lowers LWGM workability.
 Due to its low density, the fresh and dry density of geopolymer mortar dropped as the LEGA

concentration rose. According to the findings, all of the geopolymer mortar mixes created in
this study may be classified as lightweight by ACI committee 213R.

 When river sand was replaced with LEGA, the compressive strength of the geopolymer mortar
was reduced at 1, 7, and 28 days. The porous nature of the LEGA particles was to blame for
this.
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Abstract 

In marketing, quality of a product has a prominent role in sales. In order to ensure the quality of a 
product, quality inspection is necessary step on the production line. The purpose of this study is to 
detect red hulled pistachios and yellow hulled pistachios in an image. The reason for this detection 
us to help a system to separate blank pistachios without submerging them in water. In order to 
achieve this a deep learning algorithm specialized in object detection was trained. Accuracy 
achieved with the detection algorithm was satisfactory, for both red hulled pistachio and yellow 
hulled pistachio. 

Keyword: Classification of Pistachio, Deep Learning, Object Detection 

1. Introduction
Quality inspection was and always going to be one of the most important part of any type of 
product. The reason behind it is the benefits it provides for the producer. One such benefit is quality 
inspection may provide insight for the production line before the inspection. The producer my use 
the data from this inspection to adjust the prior steps in the production line. This in turn may 
shorten some steps or may result in decrease in the amount of product used in a production step. 
Another benefit is, no matter how good a marketing of a product is, lasting impression comes from 
the quality of product the consumer receives. 

Pistachio, a type of fruit, is an agricultural product that has importance for Turkey. According to 
the Food and Agriculture Organization, Turkey is the third biggest pistachio producer through 
1994 to 2019 [1].  Pistachio is not only important for exporting, it also has a cultural importance 
in Turkey. It is eaten as a snack, but it is also widely used in desserts, especially in baklava, most 
commonly known dessert from Turkey. Production steps of salted pistachio are as following: 

• Dehulling,
• Thrash removing,
• Drying
• Cracking,
• Salting and roasting.

Although, all the processing mentioned can be done on a dry environment, such as dehulling 
pistachio with abrasive plates or removing thrash with pressurized air, one step cannot be done 
without using water: blank separation. Blank separation can be done between any steps before 
cracking and it is done by submerging pistachio into water and separating the floating ones as 
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blanks. This creates two problems. Firstly, increased moisture will add the time for drying of 
pistachios. Secondly, moisture content, as is commonly known, will increase the probability of 
molding and causes aflatoxin formation. 

With the advancements in both computer processors and machine learning algorithms there are 
plethora of researches on quality inspection on food. Siddiqi [2] trained two separate algorithms 
called YOLOv2 (You Only Look Once) and Single Shot Detection (SSD) to detect defected areas 
on apples. Dataset contains 244 images, 218 of them for training and remaining for testing. End 
result is passable but needs some improvements. Wang et al. [3] have trained machine vision 
system to determine defected areas on fruits. It’s done on the idea of fruits having a brownish area 
where defection is. The algorithm that is trained is called SVM using 600 images, 300 hundred of 
them are defected. End result is 96.7% detection rate. Thuyet et al. [4] trained a convolutional 
neural networks (CNN) algorithm called Mask-RCNN to inspect processed garlics. In Japan, garlic 
roots are trimmed for marketing reasons but this operation is tedious, such as if it is trimmed too 
much, it harms the garlic, but when trimming is not enough it goes to cutting again. In the project, 
detection accuracy was average of 98%. 

Purpose of this research is to detect pistachios in a given image pistachios according to its hull 
color (see Figure 1). The reason for it is because yellow hulled pistachios are more prone be blank 
pistachios. This way, producer may submerge only the yellow hulled pistachios (which in turn 
lowers the water consumption) or may sell them as “low grade” product. The aim is achieved by 
training a deep learning algorithm specialized on object detection. 

(a)                                              (b)               
Figure 1. (a) Red hulled pistachio, (b) yellow hulled pistachio 

2. Detection Algorithm
In this research, it was desired to detect pistachios even when they are clustered together, i.e. 
pistachios are too close to each other to be separated from background easily.  So, for that purpose, 
it was decided to use an object detection algorithm. Object detection algorithms are algorithms 
that classifies an object in the image, and give its position in pixel values. Object detection 
algorithms uses CNN as its backbone for classification.  

CNNs are specialized deep learning algorithms that are used for image classification. At the basic, 
what is done with image processing, i.e. extracting features from an image, using this features the 
determine the object in the image, is done automatically. These algorithms mainly consist of two 
layers: convolution layer and fully connected layer. In convolution layer, algorithms processes 
images with kernels. In fully connected layer, a decision is made based on the information 
collected from convolution layer. 
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CNN algorithms are used in image classification. These algorithms do not say where the object is 
placed on the image and are used on the cropped section of an image. But the aim of this research 
is to classify the pistachios even when they are clustered. So, for that reason the algorithm should 
be able to give the position of the object in the image. This is the reason why an object detection 
algorithm was used. 

Object detection algorithms are algorithms, as the name suggests, that are able to find the position 
of the object in an image as it classifies it. There are multiple object detection algorithms such as 
MobileNet [5] or YOLO [6]. Although the techniques are varied, general idea behind object 
detection algorithms are the same. What is done by the object detection algorithm is to proffer an 
area on the image that is likely to have an object in it. Next, object detection algorithm uses an 
CNN algorithm as its backbone to inspect that proposed region to determine whether there is object 
in that region. How the region is proposed depends from algorithm to algorithm. 

The object detection algorithm used in this research is Faster R-CNN [7]. This algorithm was taken 
from Tensorflow (open souse deep learning algorithm library for Python) detection zoo. Faster R-
CNN used here uses Inception V2 [8] as its backbone. Region proposal is done by the algorithm 
with an artificial neural network algorithm called Region Proposal Network. So, Faster R-CNN 
learns from the training how to propose a region for the image given. 

In this research, Python programming language was used. The computer used had Windows 10 
64-bit Operation System. It had 16GB ram capacity, Intel Core i7-4710HQ processor with 2.50 
GHz clock speed and Nvidia GeForce GTX 860M with 2GB Vram graphics card. 

2.1 Pre-Training Preparations and Training 
As this is a supervised learning, there are pretraining preparation, otherwise known as dataset 
annotation. Dataset annotation means that preparing a training dataset for the network.  This 
dataset helps the algorithm to learn the properties of the object. How it’s done is, firstly dataset is 
labeled. These labels contain information about the objective such as, for image detection, dataset 
is prepared by labeling the objects inside image. This way when the network is training, it knows 
where to look and what to learn. 

Images of the pistachios were taken with Logitech Quickcam Pro for Notebooks. It has a resolution 
of 640x480 (or 480P). Since it was desired that this research to be real world applicable, in this 
research pistachios are clustered together. 232 images were used for training step, 185 of it for 
training and 47 for validation. Training dataset had 2125 objects (845 yellow hulled and 1280 red 
hulled pistachio) and validation dataset had 555 objects (203 yellow hulled and 352 red hulled 
pistachio) in the images. 

When creating annotation, in general there are two types of annotation file format: json and xml 
and most of the time annotating the images in this format is enough. After the annotations, images 
and annotations are feed to the training platform and training starts. But the library that used in 
this research, tensorflow, requires the xml files to be turned into tfrecord format. Tfrecord is a type 
of file format that combines images and annotations under a single file. According to tensorflow, 
this makes the file reading more efficient. 

After the annotation, configurations are made inside the configuration text file (it is for tensorflow, 
may show difference from library to library) belonging to that particular CNN. Configuration file 
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contains informations about where are training files and training values such as learning rate and 
batch number. After this step, training is started. 

Training was stopped when the loss value was no longer changing which had happened at 0.7. It 
took algorithm 30.000 iteration to reach this value. And result of the training is shown in Figure 
2. The algorithm can also be trained to ignore other objects in the image as shown in Figure 3
(Note that because algorithm was trained both under environment light and artificial light, shadows 
don’t affect the detection). 

(a)                                                                 (b) 
Figure 2. (a) Original image, (b) pistachio detection (rp: red pistachio, yp: yellow pistachio) 

(a)                                                                 (b) 
Figure 3. (a) Original image, (b) pistachio detection (rp: red pistachio, yp: yellow pistachio) 

2.2 Instance Segmentation and Length Measurement 
In this research, measuring the length, width and area of pistachios were also aimed. In order to 
achieve this, pistachios were to be segmented from the image. Although it is possible to segment 
objects using image processing methods, the process of it takes a lot of trial and error. Another 
problem is, one method can work perfect for one condition but may not so much for another. 
Furthermore, if the objects are intersecting or overlapping too closely, segmentation process can 
become far more problematic. In this kind of situations, it is more suitable to use more 
sophisticated algorithms, namely machine learning algorithms. Even though, there is k-means 
clustering algorithm for segmenting object according to their color, basic machine learning 
algorithms are not enough for the job. For that reason, a deep learning algorithm is again needed 
for a trough segmentation. These kinds of algorithms are called instance segmentation algorithms. 

Here, aim is not only to find in what region there is object, it is also to find the exact pixels of the 
object in question. Instance segmentation is not a standalone idea but a complimentary to object 
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detection algorithm. The algorithm used in this research is called Mask R-CNN [9], is a upgraded 
version of Faster R-CNN [7]. 

Object detection part detects the object on the image, and instance segmentation part suggests a 
binary mask for the object detected. Mask R-CNN can be used with Python under the library called 
Detectron2. 

2.3 Training of the Instance Segmentation Algorithm 
Although algorithm can be trained for classification and segmentation, it would be hard to created 
a dataset for classification as dataset is created by drawing polynomials around the object. So the 
algorithm was trained only to detect pistachios without classifying. Training was done using 22 
images which contains 181 objects. The algorithm was iterated 300 times and stopped when the 
loss was 0.3. And result of the training is as Figure 4. 

(a)                                                                            (b) 
Figure 4. (a) Original image, (b) instance segmentation. 

3. Results and Discussion
Testing of the object detection algorithm was done with 20 images containing 200 pistachios (10 
per image) on different positions. Confusion matrix is as shown in able 1. 

Table 1. Confusion matrix of object detection algorithm. 
Ground Truth\Classification Red Hulled Pistachio Yellow Hulled Pistachio 
Red Hulled Pistachio 92(98.9%) 1(1.1%) 
Yellow Hulled Pistachio 3(2.8%) 104(97.2%) 

To test the accuracy of measurement 20 pistachio images were used. Pistachios were placed in 
different positions, and measured by the algorithm itself. Mean absolute percentage error (MAPE), 
which is Equation (20) where Re is real measurement, P is predicted measurement and n is number 
of examples, was used to assess the accuracy. MAPE for prediction found to be 1.77%. 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = 100
𝑛𝑛
∑ �𝑅𝑅𝑅𝑅−𝑃𝑃

𝑅𝑅𝑅𝑅
�𝑛𝑛

𝑖𝑖=1    (20) 
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4. Conclusions
Object detection algorithm used shows in this research show capability on par with human eye 
with 98.9% and 97.2% accuracies for red and yellow hulled pistachios respectively. What is done 
with this algorithm very hard, if not impossible with conventional image processing algorithms.  

Measuring algorithm used here is also very capable algorithm. Measurement taken from the 
images are satisfactory and can be further used for measuring the weights of the pistachios in the 
image. Similar experiment was done by S. K. Vidyarthi et al. [10] on pistachio kernels with good 
accuracy rate.  

Only problem has been observed in this research is the detection time required, which is 4 second 
per image on average. This slowness is the result of the GPU used. It is a 7 years old card. For 
further understand the capabilities of the algorithm, in future more powerful processing module 
types such as processors called Tensor Processing Unit (TPU). 
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Abstract 

The dynamic analysis of the structures possesses a critical stage in the design phase. Modal 
analysis is a popular technique used to investigate dynamic behaviors, such as natural frequency 
and modes of structures. A beam was numerically modeled as a cantilever beam and the vibration 
properties of commonly used aluminum alloys were compared using ANSYS Modal Analysis 
Module. In the first part of the study, natural frequency, and the vibration modes of the 2024, 6013, 
6061, and 7075 types of aluminum were recorded and compared. In the second part of the study, 
a beam with a circular cutout was formed and the vibration response of the beam was investigated 
by changing on three different locations. Analyses have shown that the natural frequency of the 
structures was affected by mechanical properties of materials as well as structural properties such 
as boundary conditions and cutout locations. 

Keyword: Modal analysis, Mode shapes, Natural frequency, Aluminum alloy, Cutout. 

1. Introduction

Aluminum alloys are the most frequently used non-ferrous metals in many industrial applications, 
such as aeronautics and automobile industries [1,2]. Structures produced made from aluminum 
alloys are vastly found in structural parts of aircraft such as wings and fuselage, and parts that 
require precision such as engines. These parts are exposed to dynamic as well as static forces 
during operation. For this reason, it is important to have the necessary information about the 
vibration properties and mechanical properties of materials used in aerospace applications. 

The interaction between the inertial and elastic properties of the materials causes resonant 
vibration. In other words, when periodically applied load is equal or near to natural frequency of 
a system, resonance occurs. And on the structures in resonant vibration, even small loads can cause 
large deflections and thus catastrophic damage to structures under resonant conditions. On the 
other hand, most of the vibration and noise in mechanical structures are caused by resonance 
vibration. Therefore, the resonance frequencies of the structures should be defined for different 
materials and boundary conditions [3]. Modal analysis is performed to determine the dynamic 
behavior of the structures and gives information about the natural frequency, vibration modes, and 
damping capacity of the material.  
In literature, several experimental and numerical studies have been conducted on the vibration 
properties of the materials by many researchers [4–8]. Nirmall and Vimala [9] have numerically 
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and experimentally investigated the vibration behavior of three metals: aluminum, brass and mild 
steel by using ANSYS. They have concluded that the thickness and the natural frequency are 
inversely proportional. In another study conducted by Demirtaş and Bayraktar [10], an aircraft 
wing is modelled as cantilever beam and they have compared theoretical results and numerical 
model analyses. They pointed out that the aircraft wing can be considered as a cantilever beam 
when loads other than the gravitational load is ignored. In their experimental and theoretical study 
Erkliğ et al. [11] have investigated the frequency response of the glass fiber reinforced polymer 
composites. According to their study, the natural frequency is highly affected by the boundary 
conditions, cutout shape and location.  

In aerospace structures, cutouts are inevitable and mostly used for operations such as ventilation, 
vibration damping, weight reduction, assembly, and wiring. These cutouts weaken the structure 
dynamically and also serve as an additional source of vibration. For this reason, it is important to 
investigate the effects of the cavities used in the design of the structures on the dynamic behavior 
of the structure [12]. To date, many studies have investigated this issue and reported that the 
cutouts themselves, as well as their location, have major effects on the vibration behavior of the 
structure [12–16]. 

In this study, the vibration behavior of various aluminum alloys (2024, 6013, 6061, 7075) used in 
aerospace applications has numerically been compared by ANSYS Modal Analysis Module. 
Additionally, the effects of circular cutout location on the vibration response have also been 
investigated. 

2. Numerical Studies

The model is assumed as a beam with a uniform rectangular cross-section of 200 x 20 x 3 mm as 
shown in Figure 1. The study has two main parts. In the first part of the study, modal analyses 
were conducted using solid beam for 2024, 6013, 6061 and, 7075 aluminum alloys. The natural 
frequencies of the beams and vibration modes were compared. In the second part of the study, the 
effect of cutouts location (CP=50, 100, 150 mm) on the vibration behavior was investigated by 
comparing the natural frequencies of beams.  

The mechanical properties of the aluminum alloys studied in the study and commonly used in 
aerospace applications are given in Table 1. 

Table 1. Material Properties 

Properties Al 2024 Al 6013 Al 6061 Al 7075 

Density (kg/𝑚𝑚3) 2780 2720 2700 2810 

Young’s Modulus (GPa) 73.1 71 68.9 71.7 

Poisson’s Ratio 0.33 0.33 0.33 0.33 
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3. Results and Discussion

The first two mode shapes and natural frequencies were obtained for the cantilever beam models 
with cutout and without cutout. And the mode shapes are presented in Figure 3 for solid and beam 
with cutout on various cutout positions (CP).  

Firstly, the 1st and 2nd natural frequencies of the models were seen quite near to each other for 
different aluminum alloys as seen in Figures 4 and 5. The 1st mode natural frequencies of the 
alloys were found as 62.6, 62.3, 61.6, and 61.6 Hz for 2024, 6013, 6061, and 7075, respectively. 
Although it is a known fact that the natural frequencies of the materials are directly proportional 
to Young's modulus, it was observed that the natural frequency of the 7075 alloy, which has the 
second-highest Young's modulus value among the alloys used in this study, was the lowest. On 
the other hand, in addition to Young's modulus of the materials used, the masses of the structures 
also affect the natural frequency, and this effect is inversely proportional [17]. Al 7075 alloy has 
the highest density among the aluminum alloys examined in this study. Therefore, the combined 
effect of Young's Modulus and material density resulted in the 1st mode natural frequency result 
of the respective material. The natural frequency results in the same trend have also been observed 
at the 2nd mode natural frequency. 

As presented in Figures 4 and 5, natural frequency values varied under the effect of the cutout. 
The diameter of the circular cutouts were 6 mm and they located in the distance of 50 mm, 100 
mm, and 150 mm from the fixed end of the beam. The 1st mode natural frequency values first 
decreased with the hole with CP=50 mm, and then showed an increasing trend as it moved away 
from the support. A possible explanation for this might be that the decrease in the rigidity of the 
structure. On the other hand, when the position of the circular section opened in the beam is 
displaced towards the free end of the beam, the decrease in the mass of the structure has led to an 
increase in the natural frequency. From the graph in Figure 5 we can see that 2nd mode natural 
frequency is directly affected by the cutout position. As can be seen in Figure 3, the cantilever 
beam is subjected to bending from its mid-point in the second mode shape. The maximum 2nd 
mode natural frequency values were obtained when CP=50 mm, while the minimum values were 
obtained when CP=100 mm. Therefore, while evaluating the position of the cutout in structures, a 
decision should be made by considering the frequency values (mode shapes) that the structure 
might be exposed to. In the 1st mode, there is bending at the free end of the beam, while in the 2nd 
mode, the beam is subjected to bending from its midpoint. However, the change in the natural 
frequency values of the structure was different in both cases. In short, the position of the hole can 
have different effects in different mode shapes. 
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Figure 4. First mode natural frequency variations 

Figure 5. Second mode natural frequency variations 

4. Conclusions

The present study was designed to examine the vibration response of the cantilever beam made 
from different aluminum alloys used in aerospace applications by applying modal analysis. In 
addition, the effect of the cutout and the position of the cutout was also examined and compared 
with the beam without holes. The following conclusions can be made: 

• The natural frequencies of the structures are directly related to Young's modulus and
density (hence mass) of the materials used. In addition to these, the boundary conditions
and structural rigidity are also effective on the vibration response of the structure.

• Among the solid beam models, the highest 1st mode natural frequency value is 62.6 Hz on
the model made from Al 2024 and the lowest is 61.625 on the model of Al 7075.

Solid CP=50 mm CP=100 mm CP=150 mm
Al 2024 62,56 61,70 62,42 62,92
Al 6013 62,33 61,47 62,19 62,69
Al 6061 61,628 60,78 61,49 61,99
Al 7075 61,625 60,78 61,49 61,98
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• The 1st mode natural frequency value of all alloy types reached its lowest value when the
cutout was closest to the fixed end (CP=50 mm) and reached its highest value when it was
farthest away (CP=150 mm).

• For the 2nd mode natural frequency value, the highest value was reached when the cutout
was closest to the fixed end (CP=50 mm). And the value reached its lowest value when it
was at the middle point (CP=100 mm).

• According to the findings, the dynamic behavior of the structures is directly related to
Young’s modulus and density of the materials used, but the boundary conditions also affect
this behavior significantly. In particular, the positions of the cutouts to be applied for
inspection, ventilation, vibration damping, weight reduction, assembly, and wiring
purposes in structures have different effects depending on the vibration mode to which the
structure is exposed.
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Abstract 
 
Inconel 718 which is a nickel-based alloy has superior mechanical properties and preferred in 
aerospace applications. It has high fatigue strength, hardness, wear resistance, corrosion 
resistance and high strength. Contrary, Inconel 718 has low thermal conductivity and poor 
processability. It is accepted as a difficult-to-cut material. Because of difficulties, electrical 
discharge machining (EDM) process is used to cut it. Surface enhancement is very helpful to 
obtain acceptable level of surface roughness after cutting it by EDM. 
 
Surface roughness is very effective on fatigue strength and their service life under repetitive 
loads. Keeping roughness at moderate level is very crucial to obtain long service life in 
engineering applications. 
 
In this study, flow peening (GOV) process is applied for surface enhancement to reduce surface 
roughness.  
 

 
Keyword: Inconel 718, Aerospace materials, Material removal rate, Flow peening (GOV) process, 
Electrical discharging machining (EDM), Abrasssive flow machining (AFM), Surface roughness, 
fatigure strength, endurance limit, service life. 
 

1. INTRODUCTION 

The production method directly affects the life and strength of the material. One of the most 
important factors in production parameters is undoubtedly the surface quality. Surface roughness 
has effect on friction losses and decrease in working system efficiency. Therefore, as it was 
expected high surface quality for the materials of aerospace industry, molding, medical, centrifugal 
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Abstract 
 
This paper presents the design of a hierarchical PID controller for an overhead crane using the 
Bees Algorithm. The algorithm optimizes the gains of the hierarchical PID controller so that it can 
move the overhead crane to a desired position with the minimum amount of payload sway during 
the movement and lifting a payload. Following a description of the algorithm, the paper gives the 
numerical results obtained for the overhead crane demonstrating the efficiency and robustness of 
the controller design. 
 
Keyword: Overhead crane, Anti-sway controller, The Bees Algorithm, Optimization. 
 
1. Introduction 
Overhead cranes are important tools used in some modern industrial sectors such as construction, 
manufacturing, mining and transportation. These are extremely basic equipment that requires good 
knowledge of safety practices and operating competencies. They are used to transport heavy loads 
from one place to another. Due to industrialization and high productivity, modern industries have 
adopted the use of overhead cranes to speed up project deliveries. Safety is very important when 
using overhead cranes because any slip could result in serious injury or untimely death. However, 
if used carefully, you can reach all your goals quickly. While overhead cranes are highly adaptable 
to many environments, they are extremely reliable. Here are some benefits of using overhead 
cranes in modern industries. It is very important to design an anti-sway controller of overhead 
crane for eliminating pendulum of hook-headed [1-14]. 
 
Error detection of a load in position is not a problem. Nothing is moving and any distortion is a 
value that can be easily detected and corrected. The main question in managing a stable position 
is what gain should be applied. This becomes a complex problem that must be solved on its own, 
even before considering the dynamics of movement. The biggest factor is the load mass. The load 
mass estimates the time allowed for acceleration. A large mass can only be made to accelerate to 
a certain extent, and there isn't much you can do to change the situation. If the load has a time 
constant, then the proportional gain required to stabilize the load while "in position" must be based 
on the time constant of the mass. In a step and direction system, position can be maintained without 
PID controller. 
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Figure 1. An overhead crane manufactured by Sekizli Makina ve Vinç Sanayi Ticaret A. Ş. 
 
Editing the move usually follows some simple rules. There is no acceleration or deceleration when 
the load is moving at a constant speed. That is, velocity is a ratio of the change in position. The 
speed of the load can only be disturbed by changes that will appear as the following error, the 
difference between the commanded instantaneous position and the actual. Again, the gain 
adjustment required for proper regulation will be related to the mass and time allowed for system 
corrections. In many systems, an allowable tracking error value is programmed and no PID is 
required. The simplified approach to looking at individual motion states within a given profile is 
not an end in itself, but the possibility to suggest that other rule bases can be derived and tested as 
an alternative to the traditional PID approach. At the end of the day, the regulation of a mechanical 
load can be simplified according to the state of motion, stationary, constant speed or acceleration 
and deceleration [15-17]. 
 
In this paper, a hierarchical PID control system is proposed to control the trolley motion. First of 
all, the paper obtains a mathematical model of crane motion system in two-dimensional space. 
Then the paper advances a new controller optimization method and designs a controller for 
eliminating pendulum of hook-headed and accurately fixing position. In general, it is difficult to 
design an appropriate control law because of the crane motion system’s nonlinearity and strong 
coupling. However, the control method the paper put forward is simple and effective, and ensures 
the transient state performance of closed-loop system preferable and stable. The paper will 
introduce the design steps of anti-sway controller of overhead crane and give a satisfying 
simulation result. 
 
2. Dynamic Modelling of the Overhead Crane 
The overhead crane on a two-dimensional xy plane as shown in Figure 2. The system contains a 
trolley moving on a rail, a payload that is considered as a point mass and a hoisting cable. It is 
assumed that the static friction and elasticity are trivial while stiffness and mass of the hoisting 
cable are neglected, and the overhead crane operates in indoor environments, hence the effects of 
disturbances caused by wind are not examined. Furthermore, both the trolley and payload are 
considered as material particles. 
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5. Numerical Results and Discussion 
In this work, the aim was to investigate the PID controller gains tuned using the Bees Algorithm 
and to assess the response of the system. Parameters of the Bees Algorithm have been set as in 
Table 1. 
 
Substituting the physical parameters in Table 1 of the overhead crane and the other components of 
the system into the dynamic model equations (1), the linearized state-space form of the system can 
be obtained as: 
 
�̇�𝑋 = A𝑋𝑋 + B𝑢𝑢 
𝑌𝑌 = C𝑋𝑋 + D𝑢𝑢 (3) 
 
where 
𝑋𝑋 = [𝑥𝑥 �̇�𝑥 𝜃𝜃 �̇�𝜃]𝑇𝑇 
A = [0 1 0 0;0 0 m*g/M 0;0 0 0 1;0 0 -((M+m)/(M*l))*g 0], 
B = [0;1/M;0;-1/(M*l)], 
C = [1 0 0 0;0 0 1 0], 
D = [0;0] 
 
The objective function is: 
 
𝐽𝐽 = 𝑤𝑤1. 𝑡𝑡𝑑𝑑 + 𝑤𝑤2. 𝑡𝑡𝑟𝑟 + 𝑤𝑤3. 𝑡𝑡𝑝𝑝 + 𝑤𝑤4.𝑀𝑀𝑥𝑥 + 𝑤𝑤5. 𝑒𝑒𝑠𝑠𝑠𝑠 + 𝑤𝑤6. |𝐴𝐴𝜃𝜃|𝑚𝑚𝑚𝑚𝑥𝑥 (4) 
 
where wi ‘s are weight factors, td is delay time, tr is rise time, tp is peak time, Mx is maximum over-
shoot, ess steady state error, and Aθ is amplitude of the sway angle. The weight factors used in this 
work are given in Table 2. 
 

Table 1. Physical and Geometric Characteristics of the Overhead Crane 
Symbol Parameter Value Unit 
M Total mass of the trolley 40.000 kg 

m Mass of the payload 10.000 kg 
L Rope length 5 m 
g Gravity acceleration 9,81 m2/s 

 
Eqs. (3) and (4) were employed by the Bees Algorithm to find the best values for the gains of the 
PID controller. The gains of the hierarchical PID controller were tuned using the dynamic model 
of the overhead crane. The gains of the hierarchical PID controller optimized using the Bees 
Algorithm are given in Table 3. 
 

Table 2. Values of the Weight Factors 
w1 w2 w3 w4 w5 w6 
1 1 50 150.0 50 500 

 
In the simulation studies, the gains obtained by using the Bees Algorithm. The desired input signal 
for the position of the trolley was assumed to be a step function and its final value was defined as 2 
meter. While the trolley moved, the sway angle of the payload must be close to zero degree. Figures 
5, 6 and 7 show the results obtained by the Bees Algorithm for the position of the trolley, the sway 
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angle of the payload, and the trolley driving mechanical force. Figures 5, 6 and 7 contain the 10 
different results obtained by the Bees Algorithm. 
 

Table 3. Gains of the Hierarchical PID Controller 
𝐾𝐾𝑃𝑃𝑋𝑋 𝐾𝐾𝐼𝐼𝑋𝑋 𝐾𝐾𝐷𝐷𝑋𝑋 𝐾𝐾𝑃𝑃𝜃𝜃 𝐾𝐾𝐼𝐼𝜃𝜃 𝐾𝐾𝐷𝐷𝜃𝜃 Objective function value 

21.336,7 515,7 32.222,9 42.546,3 39.298,1 36.841,6 1.354,42 
22.800,7 177,9 34.487,2 47.217,7 11.945,2 25.027,6 1.359,15 
24.509,5 750,1 46.988,7 10.960,4 43.341,8 14.124,6 1.402,24 
27.100,3 2.128,5 40.808,8 33.207,9 34.812,5 44.678,0 1.420,79 
20.566,2 2.019,9 42.860,3 10.569,4 12.865,6 24.643,2 1.422,29 
23.792,5 575,3 38.157,9 11.623,9 35.621,6 16.605,7 1.423,67 
20.941,1 243,9 22.841,9 34.124,5 10.753,7 31.734,8 1.428,91 
29.542,7 170,9 39.240,5 10.843,7 33.217,9 47.645,6 1.435,18 
16.991,3 1.268,2 33.608,9 26.735,5 43.975,7 36.292,7 1.444,44 
30.019,0 2.357,5 49.373,1 45.278,1 26.576,6 11.047,6 1.458,64 

 
The trolley position control is shown in Figure 5. It can be seen that, with the Bees Algorithm, the 
trolley can move fast and reliably. Figure 6 shows that the gains optimized using the Bees Algorithm 
produced small sway angle. The trolley driving mechanical force for the each PID controller are 
given in Figure 7. The controllers tuned by the Bees Algorithm have small and smooth control 
forces. 
 
The mean objective value for 10 different runs of the Bees Algorithm was found to be 1.354,42 
and (see Table 4). Also, the standard deviation of all runs was calculated as 32,38 which proves 
the reliability of the algorithm. 
 
6. Conclusions 
The design of a hierarchical PID controller for an overhead crane in this paper. Using the 
controller, it was aimed to bring the trolley of the overhead crane to a desired position and 
minimize sway angle of the payload while it moved. The controller had two subsystems. The “PID 
for anti-sway” subsystem reduced the sway angle of the payload, and the “PID for position” 
subsystem controlled the attainment of the desired position. The six gains of the hierarchical PID 
controller were tuned using the Bees Algorithm to minimize the sway angle and positioning errors. 
Simulation results show that the PID controller design thus obtained was both efficient and robust. 

 

 
Figure 5. Position of the trolley 
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Figure 6. Sway angle of the payload 

 

 
Figure 7. Trolley driving mechanical force 
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Abstract 
 

In this study, Högenas ASC 100.29 iron powder was added to 0.8% zinc sterate and mixed for 30 
minutes in a V-type mixer and compressed in a single-action press under 600 MPa pressure. The 
raw powder metal materials obtained were sintered in different seconds by induction sintering. 
Three-point bending, hardness, density, electrical resistance measurements were made on the 
obtained materials and their microstructures were examined. 
 
Keywords: Materials Production, Powder Metallurgy, Induction Sintering 
 
1. Introduction 
Powder metallurgy (P/M) method is the process of converting metal or metal powders into useful 
engineering parts by processing them with thermal effects [1-2]. With powder metallurgy, it is 
possible to produce economical, cheap and materials with desired properties to be used in 
different areas of automotive, machinery and industry [2-4]. One of the most important steps in 
powder metallurgy is sintering. The sintering method is done in conventional furnaces. There are 
fast sintering methods in the sintering method. These; Induction sintering, microwave sintering, 
laser sintering, plasma sintering, discharge sintering and rapid sintering are methods. Induction 
sintering method is widely used in sintering applications. The most important advantage is that 
they have fast heating/cooling rates and can obtain fine-grained and high-density structures by 
preventing the materials from being exposed to high temperatures for a long time. In addition, 
the temperature gradients that occur due to the inward diffusion of heat from the surface in 
conventional heating are prevented by fast sintering methods [5-10]. There are many studies 
using ferrous metal with powder metallurgy method. [10-20]. In this study, the effects of 
induction sintering time of materials produced with iron powder, which is one of the most 
common metals, were investigated. Högenas ASC 100.29 iron powders were compressed in a 
single-acting press under 600 MPa pressure. It was sintered by induction sintering at different 
times. Three point bending, hardness, density and electrical resistance measurements of the 
sintered samples were made and their microstructures were examined. 
 
2. Materials and Methods 
In experimental studies, ASC 100.29 iron powder was used. The chemical properties, physical 
properties and sieve analysis of the powder used are given in Table 1. 
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Table 1. Chemical, physical properties and sieve analysis of Högenas ASC 100.29  
iron powder [7] 

Chemical Properties (%) Physical Properties Dimension Analysis (%) 
C 0,5 Apparent Density 2,42 g/cm3 

 
45 μm˂ 23 

O 0,7 45-150 μm  69 
Cu 3 Flow 31s/50 g 150-180 μm 8 
Iron Balance ˃180 μm 0 

 
ASC 100.29 iron powder and 0.8% zinc stearate added iron-based mixtures were formed and 
mixed in a V-type mixer for 25 minutes. Mixture powders were pressed under 600 MPa pressure 
and 10X10X55 mm samples were obtained. The pictures and dimensions of the obtained candles 
are given in Figure 1. 
 

 
Figure 1. Photograph of a sintered sample, b) Dimensions of samples 

 
In medium frequency induction sintering and argon environment, pre-sintering at 600 C for 10 
minutes and sintering at 1120 C in argon environment at 8 different induction sintering times 
(30, 60, 90, 120, 180, 240, 300, 360 seconds) were carried out. 
Electrical resistance measurements were measured with the Hioki 3541 Electrical Resistance 
Meter. Density measurements of the samples were measured with Archimedes Balance in 
accordance with ASTM B962-08 standard. Rockwell-B hardness measurements of the samples 
were carried out in BMS 200 RB brand device with 981 Newton force in accordance with ASTM 
E18-12 standard. Vickers hardness measurements of the samples were made in accordance with 
ASTM: E 92-82 standard by applying 50 g load for 10 seconds in Future-Tech FM-700 micro 
hardness tester. Three-point bending tests of the samples in Schimadzu brand Universal Tensile-
Compression Tester were performed at a maximum support distance of 44 mm and a 
compression speed of 10 mm/min. regression values were determined. The cross-sectional 
microstructure images of the samples broken in the three-point bending tests were taken using a 
Nicon Eclipse LV150 brand optical microscope. 
 
3. Results and discussion 
The electrical resistance measurement results (µΩm) of the samples produced by sintering at 
different times are given in Figure 2. 
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In Figure 8 and Figure 9, there are optical microscope images of the broken cross-sections of the 
samples sintered by induction at different times, resulting from the three-point bending test. 
 

  

  
 

Figure 8. Broken Section Optical Microscope Images of Samples Sintered by Induction at 
Different Times as a result of Three-Point Bending Test a) 30 Seconds b) 60 seconds c) 90 

seconds d) 120 seconds 
 

  

  
 

Figure 9. Optical Microscope Images of Broken Sections of Three-Point Bend Test of Induction 
Sintered Samples at Different Times a) 180 Seconds b) 240 seconds c) 300 seconds d) 360 

seconds 
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4. Results 
When we examine the electrical resistance measurement results, the electrical resistance 
generally decreases as the sintering time increases. In the Rockwell B hardness results, the 
hardness generally increases as the sintering time increases. In Vickers hardness results, as the 
sintering time increases, the hardness generally increases, but a decrease of 360 seconds has been 
observed. In the three-point bending test results, the bending strength and deflection values 
increased as the sintering time increased. When the fractured surfaces were examined with an 
optical microscope, it was observed that there was brittle fracture. When we look at the results in 
general, it is seen that all properties increase and increase up to 180 seconds, and after 180 
seconds, except for the result of vickers hardness, it decreases. In this study, samples were 
produced by induction sintering. 
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Özet 

Bu çalışma kapsamında denim kumaşlar, farklı konsantrasyonlarda katyonik madde ve çapraz 
bağlayıcı ile katyonikleştirildikten sonra asit boyarmaddeleri ile boyanmışlardır. Boyanmış 
denim kumaşlara ait renk değerleri ve sürtme haslıkları, işlem görmemiş denim kumaşlara ait 
değerlerle karşılaştırılmıştır. Elde edilen sonuçlara göre, katyonikleştirici ve çapraz bağlayıcı 
miktarı artırıldığında denim kumaşlardan elde edilen renk verimi daha fazla olmuştur. Tüm 
denim kumaşlar için kuru sürtme haslıkları, yaş sürtme haslıklarından yüksek bulunmuştur. 
İşlem görmemiş kumaşlara kıyasla, asit boyarmaddeleriyle boyanan denim kumaşların yaş 
sürtme haslıkları değişmemekle birlikte, kuru sürtme haslıkları için de yaklaşık olarak benzer 
sonuçlar elde edilmiştir. Dolayısıyla denim kumaşların asit boyarmaddeleriyle boyanması 
mümkün olup, denim kumaşların renklendirilmesi bakımından yenilikçi bir alternatif olarak 
değerlendirilmiştir. Ayrıca denim kumaşların asit boyarmaddeleri ile boyanması, sürtme 
haslıkları bakımından bir dezavantaj oluşturmamıştır. 

Anahtar Kelimeler: Asit Boyarmadde, Denim Kumaş, Kükürt Boyarmadde, Sürtme Haslığı. 

1. Giriş
Geçmişte dayanıklılıkları ve rahatlıkları ile bilinen denim kumaşlar, günümüzde fonksiyonel ve 
yenilikçi yönleriyle de sıkça karşımıza çıkmaktadır. Denim kumaşlar, temel giysiler olarak 
algılanmasının yanında yüksek moda ürünü olarak da görülen her yaş ve cinsiyete uygun tekstil 
ürünleridir. Denim, çözgü ipliği indigo ile mavi boyalı, atkı ipliği boyanmamış pamuk ipliğinden 
oluşan ve genel olarak 3/1 veya 2/1 dimi konstrüksiyonuyla dokunan kumaş olarak 
bilinmektedir. Standart denim üretiminde çözgü iplikleri her durumda boyalı iken atkı iplikleri 
renksiz olmaktadır. Denim kumaşların ön ve arka yüz görünümleri birbirinden farklı olup, ön 
yüzde boyalı çözgü iplikleri arka yüzde ise renklendirilmemiş atkı iplikleri hâkimdir. Denim 
kumaşların çözgü iplikleri, küp boyarmaddelerinin bir üyesi olan ve denim için karakteristik 
olarak tanımlanan indigo boyarmaddesi ile boyansa da, çözgü ipliklerinin boyanmasında kükürt 
boyarmaddeleri de kullanılmakta veya her iki boya aynı denim kumaşın renklendirilmesinde 
kullanılabilmektedir. Denim kumaşların overdye olarak adlandırılan boyama işlemi, arka yüzde 
ağırlıklı olan atkı ipliklerinin kumaş formunda boyanması işlemidir [1].  

Pamuğun boyanmasında yaygın olarak kullanılan boyarmaddeler; reaktif, direkt, küp ve kükürt 
boyarmaddelerdir. Pamuğun asit boyarmaddelerle boyanması, selüloz ve boyarmaddenin 
kimyasal yapıları ve iyonik yükleri bakımından uygun değildir. Pamuk liflerinin katyonize 
edilmesiyle anyonik boyarmaddelere afiniteleri artmakta ve pamuğu boyamakta kullanılmayan 
farklı boyarmaddeler ile boyama işleminin gerçekleştirilmesi mümkün olmaktadır. Katyonik 
pamuğun asit boyarmaddelerle boyanması ile klasik boyamaya göre daha iyi sonuçlar elde 
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edilmektedir. Çünkü anyonik boyarmaddenin katyonik pamuğa afinitesi daha fazla olmaktadır 
[2-3].  
 
Asit boyarmaddeleri çoğunlukla organik sülfonik asitlerin sodyum tuzlarıdır ve anyon aktif 
renkli bileşenlerdir. Asit boyarmaddeleriyle boyama, asidik ortamda (pH 2-6 aralığında) 
gerçekleşmekte ve bu özelliklerinden dolayı bu tip boyarmaddelere asit boyarmaddesi 
denilmektedir. Pamuk lifleri ise bazik ortamda, tuz ve soda kullanarak boyanabilirler. Pamuk 
liflerinin katyonizasyonu sırasında, katyonik reaktif maddeler kullanılmakta ve liflerin sulu 
ortamda, hafif anyonik karakterdeki yüzeyi katyonik hale getirilerek anyonik boyarmaddelere 
afinitesi artırılmaktadır [4]. Oktav ve Dayıoğlu (2009) çalışmalarında, pamuk liflerine 
katyonikleştirme işlemi uygulamışlardır. Katyonikleştirilmiş pamuklu kumaşları asit 
boyarmaddelerinin yanı sıra, reaktif ve substantif boyarmaddeleri ile boyamışlar ve kontrol 
kumaşı olarak sadece merserizasyon uygulanmış pamuklu kumaş kullanmışlardır. Boyama 
işlemlerinden sonra kumaşların renk değerleri, haslıkları ve bazı kullanım özelliklerini 
incelemişlerdir. Sonuç olarak, katyonize edilmiş pamuklu kumaşlar daha yüksek renk 
koyuluğunda boyanmış olup, daha az boyarmadde ile daha yüksek renk verimi elde etmişlerdir. 
Kumaşların ışık haslıkları ise yeterli seviyede bulunmuştur [3]. Özdemir (2014) çalışmasında, 
asidik ve bazik ortamda tuzlu-tuzsuz ve soda kullanmadan katyonizasyon işlemi uygulanmış 
pamuğu direkt ve reaktif boyarmaddeler ile boyamıştır. Buna göre, katyonizasyon işlemi 
sayesinde pamuk liflerinin, reaktif ve direkt boyarmaddeleri ile standart boyamadan farklı olarak 
asidik ortamda da boyanabildiğini ve standart boyamadaki gibi soda ve tuz kullanımına ihtiyaç 
duyulmadığını vurgulamıştır. Ayrıca, boyama sonrası ard işlemler de azaldığından, yöntemin 
maliyet bakımından avantajlı olduğunu ifade etmiştir [5]. Özdemir (2017) diğer bir çalışmasında, 
katyonize edilmiş pamuk liflerini asidik, nötr ve bazik ortamda asit boyarmaddeleri ile boyamış 
ve pamuk liflerinin terbiye işlemleri karşısındaki davranışlarını, yıkama haslıklarını ve katyonize 
pamuğun boya tüketim özelliklerini inceleyerek sonuçları işlem görmemiş pamukla 
karşılaştırmıştır.  Buna göre, daha çok yün ve poliamid boyamacılığında kullanılan asit 
boyarmaddelerinin pamuk lifleri için de kullanılabileceğini vurgulamış ve katyonik pamuğun 
asidik ortamda da boyanabilmesinin yaygınlaştırılabileceğini ortaya koymuştur [2]. Erkan ve 
ark., (2017) yaptıkları çalışmada, boyanmamış ve indigo boyalı iki farklı denim kumaşı, kökboya 
ekstraktı ile boyamışlardır. Kumaşları altı farklı mordan ile mordanlamışlar ve kumaşların renk 
değerlerini spektrofotometre ile ölçmüşlerdir. En açık renk değerleri, demir ile mordanlama 
yapılmış boyamalardan elde edilmiştir. Mordan ve boya konsantrasyonundaki değişikliklerin 
kumaşların yıkama haslıklarına olan etkisini de incelemişler ve iki tip kumaş için de yıkama 
haslıklarını iyi olarak değerlendirmişlerdir. İndigo boyalı denim kumaş ile yapılan denemelerde 
kuru sürtme haslıklarında düşüş gözlemişlerdir [6]. Yüce ve ark., (2020) çalışmalarında, kitosan 
ile ön işlem uygulanmış ve işlem görmemiş pamuklu kumaşları asit boyarmaddeleri ile 
boyamışlardır. Farklı reçetelerle boyadıkları kumaşların renk değerlerini, yıkama haslıklarını ve 
boyama flottesinin iletkenlik değerlerini karşılaştırmışlardır. Sonuç olarak, kitosan ile ön işlem 
uyguladıkları pamuklu kumaşların renk verimlikleri, tuz ile yapılan standart boyamalara göre 
daha yüksek bulunmuştur. Böylece kitosan ile ön işlem uygulanmış pamuklu kumaşların asit 
boyarmaddeleri ile boyanabileceğini ortaya koymuşlardır. Kitosanla işlem görmüş pamuklu 
kumaşların yıkama haslıklarını daha iyi olarak değerlendirmişler, ek olarak atık boyama 
flottesinin iletkenlik değerlerinin düştüğünü ifade etmişlerdir [7].  
 
Bu çalışmanın amacı ise, denim kumaşları kuaterner amonyum bileşiği kullanarak 
katyonikleştirmek ve denim kumaş üretiminde en çok kullanılan indigo ve kükürt 
boyarmaddelerinden farklı olarak asit boyarmaddeleri ile kumaşı boyayarak, sınırlı bir 
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renklendirme olanağı bulunan denim kumaşlarda renk çeşitliliğini arttırmaktır. Diğer yandan 
boyanan denim kumaşların renk değerleri ve kuru/yaş sürtme haslıkları da incelenmiştir. Bu 
çalışma, 120M943 nolu TÜBİTAK 1005 projesi kapsamında devam etmekte olup, çalışmada asit 
boyarmaddesiyle boyanan denim kumaş özelliklerinin yalnızca bir kısmı sunulmuştur.  
 
2. Materyal ve Metot 
2.1. Materyal 
Çalışma kapsamında kullanılan denim kumaş özellikleri Tablo 1’ de verilmektedir.  
 

Tablo 1. Çalışmada kullanılan denim kumaş özellikleri 
Çözgü İpliği Atkı İpliği   

Hammadde 
İplik 

Numarası 
(Ne) 

Çözgü 
Rengi Hammadde 

İplik 
Numarası 

(Ne) 
Renk Kumaş 

Konstrüksiyonu 

Birim 
Ağırlık 
(gr/m2) 

Pamuk 10,5/1 
Ring 

Kükürt 
Boyalı Pamuk+Elastan 

16/1 
Ring+78 

dtex 
Elastan 

Ekru  3/1 Z Dimi 347 

 
Çözgü iplikleri siyah kükürt boyarmadde ile boyalı denim kumaşlar emdirme-kurutma-fiksaj 
yöntemiyle katyonize edildikten sonra asit boyarmadde ile emdirme aplikasyonu yöntemiyle 
boyanmışlardır. Denim kumaşların katyonizasyonunda; katyonikleştirici olarak Benzalkonyum 
Klorür (% 50) (50 g/l ve 85 g/l), katalizör (30 g/l) ve çapraz bağlayıcı (30 g/l ve 50 g/l) 
kullanılmıştır. Asit boyama işleminde ise; asit boyarmadde (Triaset Bordeaux B) (% 3), 
egalizatör (10 g/l), kırık önleyici (10 g/l) ve sodyum sülfat (3 g/l) kullanılmıştır.  
 
2.2. Metot 
Denim kumaşların katyonizasyon ve boyama işlemlerine ait detaylı bilgiler, Tablo 2’ de 
verilmektedir. 
 

Tablo 2. Katyonizasyon ve boyama işlemlerine ait teknik bilgiler. 
Kumaş Kodu Katyonizasyon Boyama 

Kontrol 
Kumaşı 

Katyonik Madde 0 

Asit Boyarmadde  
  

% 0 Çapraz Bağlayıcı 0 

A Katyonik Madde  50 g/l % 3 Çapraz Bağlayıcı  30 g/l 

B Katyonik Madde  50 g/l % 3 Çapraz Bağlayıcı  50 g/l 

C Katyonik Madde  85 g/l % 3 Çapraz Bağlayıcı  30 g/l 
pH 4 4-5 

Flotte Oranı 1/30 1/30 
Sıcaklık Oda Sıcaklığı 80℃ 

Ard İşlemler Durulama-Kurutma Ön Yıkama-Deterjanlı Yıkama- 
Durulama-Kurutma 

 
Denim kumaşların ön ve arka yüz görünümleri James Heal marka ışık kabininde D65 gün ışığı 
altında fotoğraflanmış ve aynı oranda küçültülerek değerlendirilmiştir. Denim kumaşların L* 
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Abstract 
 
Fiber metal laminate (FML) composites were created primarily to improve the fatigue strength of 
modern civil aviation industry. And further studies show that, it provides additional advantages 
such as, excellent impact and damage tolerance, fire resistance and impact resistance with the aid 
of different configurations, while having a low weight. However, the production of a FML 
composite is a significant challenge, due to poor bonding at the fiber-metal interface. In this 
study, the interfacial bond behavior at the fiber-metal interface was investigated by determining 
their Interlaminar Fracture Toughness values. Test specimens were produced by using, extremely 
thin stainless steel mesh materials, instead of sheet metal layers as a traditional composition of 
FML composites. Specimens were produced as FML (Fiber Metal Laminate) composites with 
steel meshes, and FRP (Fiber Reinforced Polymer) composites in the same combination without 
steel mesh layer. In experimental stage, specimens were investigated with “DCB (Double 
Cantilever Beam) Tensile Testing” in “Mode I”, and their “Interlaminar Fracture Toughness” 
values are examined in accordance with ASTM 5528-01 Standards. Finally, test results obtained 
from FRP and FML specimens were compared in order to show the effectiveness of using steel 
mesh layer for a better Interlaminar Fracture Toughness.  
 
Keywords: Composites, fiber reinforced polymer (FRP), Fiber metal laminate (FML), Steel 
mesh, Interlaminar fracture toughness. 
 
1. Introduction  
In the industry of nowadays, there is a need for light, high-strength new materials with superior 
and specific properties to be used in the field of advanced technology. Laminated composites 
have a wide area of use in the industry due to their high rigidity and strength as well as their 
lightness. Fiber Metal Laminate (FML) is a family of hybrid composite structure formed from 
the combination of metal layers, sandwiching a fiber-reinforced plastic layer. FML’s are 
composed of alternatively stacked metal and fiber reinforced composite layers, with advantages 
of hybrid nature from two different constituents (metal and fiber), the FML’s gives excellent 
mechanical properties like high corrosion resistance, outstanding strength to weight ratio 
compared to conventional composite lamina.[1] Fibrous composite materials are as strong as 
steel, have a lower density than magnesium, and can be tailored to have maximum strength and 
stiffness in specific directions. Thus, composite structures are potentially much lighter than 
conventional metallic structures, but they’re also very notch sensitive because of the linear-
elastic fibers that carry most of the load. [2]  
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Parts produced with composite materials may break due to incorrect designs, material defects, 
unexpected loads, manufacturing defects and other complex and inexplicable reasons, or 
separation between layers may occur. At this point, delamination, which is an important damage 
type that reduces the performance of composites, occurs, and fracture toughness between layers 
is needed in damage tolerance analyzes to prevent this situation. Fracture toughness is an 
indication of the amount of stress required to propagate a preexisting flaw. It is a very important 
material property since the occurrence of flaws is not completely avoidable in the processing, 
fabrication, or service of a material/component. Fracture toughness is a quantitative way of 
expressing a material's resistance to brittle fracture when a crack is present. Determination of 
fracture toughness in FML composites, is very important to perform an analysis of structural 
integrity to estimate damage tolerated and residual strength of the material against the 
propagation of cracks. It should be noted that this fracture toughness criteria with its respective 
testing techniques shows limitations and discussion about the representativeness to determine the 
residual strength of FML composite materials having mechanical anisotropy, thin thickness, 
dependence on the geometry and a mechanism of fracture associating the metal fracture 
propagation and delaminate between metallic sheet and the resin layers reinforced with 
nonmetallic fibers.[3] The interlaminar fracture toughness “GC “is the total energy absorbed per 
unit increase in crack length per unit thickness. GC is also called the energy release rate or crack 
driving force. GC; matrix toughness/brittleness, fiber volume ratio/orientation changes with 
composite production and experimental conditions. The stress intensity factor “K” is a parameter 
related only to the stress state and the geometry of the crack and does not depend on the 
properties of the material. Therefore, the GC and K values are usually found from experiments 
with using standard samples in order to determine what errors are permissible in real structures 
and in the material under certain conditions. Different type of metallic materials have been in 
FMLs as metallic layers to investigate their effects on the mechanical properties. In this work 
stainless steel mesh have been used as a metallic layer and its effect on the interlaminar fracture 
toughness has been investigated. 
 
2. Material and Methods 
2.1 Material 
Carbon-fiber woven orientation were used for the FML production with AISI 304 stainless steel 
with 100 and 500 mesh sizes were used as a metal layer in FML. During the manufacturing of 
FML samples, carbon fiber woven fabrics with a density of 400 gr/m2 and thickness of 0.30 mm 
were used. The chemical composition and pyhsical properties of the metallic material used in 
this work are given in Table 1. and Table 2. respectively. 
 

Table 1. The chemical composition of AISI 304 stainless steel 
%C %Cr %Fe %Mn %Ni %P %S %Si 

0-0,8 18-20 65,8-74 0-2 8-11 0-0,045 0-0,03 0-1 

 
Table2. The physical properties of AISI 304 stainless steel 100&500 mesh 

Mesh Size Thickness, mm Wire Diameter, mm Number of Holes/cm2 Open Area, % 
100 0,154 0,10 39 37 
500 0,025 0,025 206 25 

 
In this study, 16 layer of carbon fiber woven fabrics are combined together with epoxy resin to 
produce Fiber Reinforced Polymer (FRP) plates. And also, 1 layer of extremely thin steel mesh 
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is placed into the middle of structure to produce FML plates. The values in the material 
properties table given above belong to pure carbon fiber woven fabric and, AISI 304 stainless 
steel mesh material. Changes in the mechanical properties of the material will occur for different 
compositions of layers. 
 
2.2 Vacuum Assisted Resin Transfer Molding (VARTM) Process 
Traditionally, composites have also been fabricated by similar methods. However, infusing 
liquid resin into dry fabric layers solely by vacuum pressure to produce high quality materials 
has proven to be a more cost-effective process for preparing composites. This process, known as 
vacuum assisted resin transfer molding (VARTM), utilizes a flow distribution media to allow the 
resin to proceed rapidly on the surface over the length of the part followed by the slower through 
the thickness infusion through the part, thereby decreasing infusion times. Figure 1, illustrates a 
typical VARTM set-up.[4], [7] 
 
 

 
Figure 1. Schematic representation of VARTM Process 

 
The fabrication of FRPs were carried out by using L160 epoxy and its H160 hardener with a 
mixing ratio of 4:1 by weight. The total amount of resin set was determined equal to the total 
amount of fiber fabrics.[5] The prepared resin was applied to each fiber fabric with hand lay-up 
before VARTM process as shown in Figure 2. 
 

 
Figure 2. Plate production with vacuum bag system 

The curing process was completed for about 24 hours under vacuum. After curing process, the 
FRP laminates were cut to standard test dimensions by using CNC milling machine. Plates and 
cutted specimens are shown in Figure 3. 
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Figure 5. DCB specimen. 

 
All tests were conducted according to ASTM-D 5528-01 standards.at temperature of 22 ºC and 
relative humidity of 50% by a universal testing machine with a 300 kN capacity as seen in Figure 
6. 

                                       
Figure 6. SHIMADZU tensile test device. 

 
The specimens were connected to jaws of tensile and crack propagation along the z-axis amounts 
for certain points were determined after loading the specimens at constant speed of 2 mm/min as 
shown in Figure 7.  
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Figure 7. DCB specimen under loading. 

 
20 data per second for each loading-displacement situation were taken and load-displacement 
curves were created automatically on the screen of the machine. According to ASTM 5528-01 
standard, the loading process consists of 2 stages. First stage of loading ended at a displacement 
of approximately 10 mm and initial crack propagation of 2-3 mm. Then, test was continued with 
a constant 2 mm/min jaw displacement speed until it became a natural pre-fracture has been 
created. In the second stage, the loading was constant until the crack length of 45 mm from pre-
crack and 95mm from the tip of the specimen. Finally, jaws were returned to the zero point with 
a constant displacement velocity of 25 mm/min. A video camera with a program build with 
python code was also used for observing crack propagation as shown in Figure 8. 
 

 
Figure 8. Crack propagation imaging with video camera. 

 
3. Result and Discussion 
In this study, total length of crack was fixed to 95 mm total. Which is, 50 mm initial crack from 
non-adhesive part (pre-crack section), plus 45mm crack length for each specimen. Displacement 
values were recorded as stroke parameters between two jaws of device. Test has ended for each 
specimen when, they reached to its total length of 95 mm. The experimental results obtained 
from DCB test and a load-displacement table are presented in order to evaluate the results 
clearly. The fracture toughness capacity of each featured specimen was plotted in terms of stress 
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4. Conclusions 
In this study, a steel mesh layer was added to the middle of FML composites and its effect on the 
fracture toughness has been investigated by conducting tests on universal tensile testing machine.   
Tensile tests were carried out on the specimens according to the ASTM 5528-01. The followings 
may be concluded from the results of the study. According to load point displacement curves for 
each type of specimens, it can be said that using steel meshes as a middle layer of composition 
resulted an increase in the fracture toughness strength of FML material. While interpreting load 
point displacement curves, they showed that, FMLs with a steel mesh layer created more 
resistance against the loads compared to samples produced without using steel mesh. It was also 
observed that FMLs with steel mesh layers were resisted against same amount of loads longer 
than other specimens. Finally, it can be concluded that, steel meshes are useful parameter to 
improve interlaminar fracture toughness of fiber metal laminate (FML) composites.  
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Abstract 
 

Gear is a very important machine element used for power/motion transmission. In the past few 
decades, polymer gears have gained importance due to the increasing demand for lighter, 
quieter, durable and cost-effective products. In many applications, polymer gears have 
advantages such as ease of manufacture in bulk quantities, noiseless operation, low cost, light 
weight, less maintenance, etc. It has been effective in being preferred over metal gears day by 
day. Polymer gears are used in motion and power transmission under different loads and speeds. 
Polymer composite gear finds more applications due to low material, manufacturing cost and 
weight compared to metal gears, even polymeric materials suffer from poor mechanical strength 
compared to metals. In this study, Polyoxymehtylene (POM) gear produced with traditional 
methods and CarboflexV60 gear produced with 3D printer were used. Temperature, surface 
roughness, noise and torque values while the system is running. In the gear test, it was observed 
that the performance of the gear produced with the 3D printer was better. During its operation, 
its most distinctive feature is that it instantly throws out the heat on its surface and does not 
reach a high temperature. 
 
Keywords: POM, Carbon powder added thermoplastic polyurethane (CV60), Wear Gear 
 
1.Introduction 
Gear systems are found in many mechanical systems from simple systems to complex systems. 
There is a huge shift in the industry from metal gears to polymer, thermoplastic gears. Polymer 
gears have replaced metal gears in many ways and these gears have unique advantages over 
metal gears, for example; price-performance, quiet operation, operation without lubrication, 
etc..(Bı, 2019) Thermosets, on the other hand, have better bout stability, heat resistance and 
electrical properties. It is more difficult to mold. For this reason, injection is used in the molding 
of thermoplastics and printing and transfer methods are used in thermosets. Engineering plastics 
are generally a group of plastics that are resistant and resistant to heat, chemicals, impact, 
flame.(Kim et al., 2019) These plastics are replacing metal gears every day. It is a group of 
plastics that are resistant to higher temperatures, also called performance plastics (high 
performance and super thermal resistant). Thermoplastics deform when pressure and/or heat 
are applied.(Schuhler et al., 2018)(Singh et al., 2018) Thermoplastic polyurethane (TPU) 
material also has a higher wear resistance and a higher resistance to oils and greases. Unlike 
other rigid thermoplastics, TPU filament has qualities that include flexibility and 
conformability. It also has excellent interlayer adhesion, and there is no curling or delamination 
during the 3D printing process. Thermoplastics deform when pressure and/or heat are applied. 
 
POM, also known as acetal, polyacetal and polyformaldehyde, is a thermoplastic used in 
precision parts that require high hardness, low friction and excellent dimensional stability.[5] 
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POM's engineering applications include fasteners such as threads, screws and nuts, and it is 
used in the construction of moving machine parts that need to work in water and humid 
environments without lubrication. Among its main features; It has higher hardness, low friction, 
high wear and heat resistance, higher friction resistance than nylon. It is resistant to higher 
temperatures than the polyamide group.[6]Thermoplastic gear materials come to the fore with 
their features such as lightness, resistance to high heat and impacts and excellent surface quality. 
There are many production ways of plastic gears. CV60 TPU black filament gear is used. This 
black filament TPU [7] structured filament is preferred. TPU is the most common type of TPE 
(Thermoplastic Elastomer) used in 3D printing.  It can be printed more easily than other flexible 
filaments, and at the same time, a good hardness and durable material is obtained. Extensive 
research to achieve high power transmission and to understand gear behavior should be done 
predominantly with metal-polymer gear pairs.  
 
Prashant Kumar Singh et al. [8] investigated the behavior of three different thermoplastic gears 
at different torques and speeds. The materials used in this plastic gear application are 
Acrylonitrile Butadiene Styrene (ABS), High Density Polyethylene (HDPE) and POM.The 
POM gear has run 2 million cycles with no signs of failure. Some of the results are as follows; 
They found that the specific wear rate of polymer gears increases with torque and decreases 
with rotational speed. A higher rotational speed increases the strain rate, which increases the 
wear resistance of the gear material. They observed that the higher the rotational speed, the 
lower the gear tooth wear rate. Tavcar et al.[9] Nylon 6 Nylon 66 investigated life tests for 
various materials and reinforced materials, including POM and PPS, and the results showed 
that reinforced materials last longer when lubricated.  R.Mohzendadeh et al.[10] POM and 
POM/CB (Polyoxymethylene Carbon black) produced carbon reinforced gears by injection 
molding. Their aim is to examine the wear and temperature behavior of these gears at different 
speeds of 6Nm and 8Nm different torques. As a result of these studies, they found that the 
POM/CB gear has a low temperature and this gear has a longer life. Tuğçe Tezel et al.[11] They 
worked on the failure of 3D-printed steel gears. They examined 420 steel gears, produced by 
both tempered and conventional methods. They investigated the effects of rotational speed, 
torque, manufacturing technique, and post-production surface treatment. The use of Carbon 
Fiber Reinforced Polymer (CFRP) composite materials is in greater demand due to their high 
strength, excellent strength-to-weight ratio and corrosion resistance. 
  
Kenmao et al. [12] examined amplified GFR POM. They focused on the wear performance of 
POM and 28% GFR POM (glass fiber reinforced POM) gear pairs. Glass fiber reinforced 
polymers are preferred because of their high damping resistance and self-lubricating properties. 
As a result of the study, they also observed that GFR POM has 50% more load carrying capacity 
and longer life than POM gear. K.Mao [13] investigated the relationship between wear rate and 
surface temperature. Based on this, Acetal (POM -55 Nylon, 30% GFR, 15% PTFE) gear was 
produced by injection molding.  Polymer composite gear versus polymer composite gear 
operated at different torques and speeds in the test setup. In terms of thermal behavior, the focus 
is on wear on the tooth surface. It has applied torque in the range of 5 Nm-35 Nm. Root and 
pitch breakage has been observed in the acetal gear, and temperature has a net effect. 
 
The two most relevant parameters in assessing the load carrying capacity of polymer gears are 
root and fatigue strength [14]. Damijan Zorko et al. [15] showed that autoclave-hardened woven 
CFRP gears have higher load carrying capacity compared to polymer and polymer composite 
gears. Their main focus is to investigate the fatigue behavior of long fiber CFRP composite 
gears. In their studies, they have shown that woven CFRP gears last 6 times longer at the same 
fatigue load compared to high-performance PEEK gears. Gear damage in general; wear, tooth 
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breakage, root and pitch cracking, and thermal deformation. When the gear operates at high 
torque, the temperature increases locally and accordingly, heat accumulates on the tooth surface 
and thermal deformation occurs in that region [16]. 
  
In this study, the carbon powder added TPU black filament obtained by 3D printing and the 
POM gear produced by machining were compared. Considering the noise, temperature, and 
roughness values, the wear amount and results were obtained at the end of 1.5 million cycles. 
 
2. Materials and Method 
2.1 Gear design 
The first stage of 3D printing of polymer spur gears in Solidworks program and the production 
of Polyoxymethylene (POM) gears by machining with the same tooth properties. Gear 
specifications are given in Table 1. The gear produced by machining also worked against the 
steel gear. Both gears worked 1.5 million revolutions. Another gear material to be used in this 
study is the carbon powder added TPU structured gear produced with a 3D printer. 4 teeth are 
marked on CV60 and POM gears and the surface roughness of these marked places is taken 
into account every 250000 revolution. Details for AISI1040, POM and CV60 gear 
specifications are given in Table 1. CV60 gear carbon additive provides extra strength and 
durability. 

  Table 1. Specifacition of  AISI 1040/POM/CV60 
Module                                                 2 
Number of teeth                                  20 
Pressure angle (°)                                20 
Face width (mm)                                  8 
Hub Diameter (mm)                            20 

 
TPU material is a flexible, wear-resistant thermoplastic.  It is used in a number of manufacturing 
processes for both consumer and industrial use. Parts produced by 3D printing with TPU are 
durable and can withstand ambient temperatures up to 80°C. The TPU filament is resistant to 
abrasion, impact and many chemicals. There are different versions of TPU material but it can 
basically be classified into two types.  It is known firstly as Polyether Polyurethane and 
secondly as Polyester Polyurethane. Both have different features that can meet a specific need. 
Some properties of TPU filament make it an excellent choice. Its resistance to abrasion, oil, 
chemicals and abrasion makes it perfect for use in industries such as the automotive industry. 
 
2.2. Gear testing rig 
The gear test rig is designed to test gear wear while the gears are engaged and running. 3D 
printed gears can be tested in the same way as injection molded and machining gears. 
Electromagnetic powder brake can also be preferred to apply a counter torque to the running 
gear if necessary. With the change of the magnetic field created by the coil, the viscosity of the 
powder changes, so that the ideal current moment linearity is achieved regardless of the speed. 
The diagram of the test setup is presented in Figure 2. Gear wear tests were used against AISI 
1040 steel gear, CV60, POM gears were used. torque values were recorded. OPTRIS CS LT / 
CSmed LT pyrometer was used to measure temperature. 
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Figure 2. Test rig for Polymer gears 

 
Table 2. Properties of CV60  material and POM [17][18] 19] 

Material          Carbon powder added TPU  Density   (kg / m3) 1420 
Diameter 1,75 mm  Tensile Modulus  (MPa) 3100 
Print Temperature 230-250°C  Flexural Modulus (MPa) 2900 
Bed Temperature 60-80°C  Deflection Temperature (°C) 158 
Color Black   Melting Temperature  (°C) 176 

 
The hardness of TPU may depend on the blend of polymers. The extruder temperature of the 
TPU filament is 230-250 degrees. TPU filament is a medium strength 3D printing material, but 
can withstand higher compression and tensile forces than the more common PLA and ABS. 
When it comes to 3D printing, TPU filament requires a greater amount of energy transfer than 
most other filaments. 
 

 
                                            (a)                                                 (b) 

Figure 3. (a) POM and (b) CV60 gear   
 

In this study, gear test rigs were used to investigate the performance of thermoplastic gears. 
During the test, measurements were taken every second. The surface roughness was also 
measured at every 250000 revolutions. Surface roughness was made with Mitutoyo SJ-400 
model tester. 5 experiments were made for each gear and they worked for a total of 1500000 
revolutions. Temperature, sound, surface roughness, torque and wear values are noted every 
250 thousand cycles. Another issue to be said for surface roughness is; The Ra and Rz values 
of the gear produced with a 3D printer were measured higher, but then a noticeable 
improvement occurred on the surface as it worked against the metal gear, while the other gear 
was produced by machining, the surface roughness was seen to be smoother with the test device. 
The values measured here are Ra and Rz. Ra (Arithmetic Average Roughness) (based on DIN 
EN ISO 4287) is the arithmetic mean of the absolute values of the y-coordinates corresponding 
to the surface roughness profile. Ra also defines the mean arithmetic deviation of the y-
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temperature behavior at the same level as the baseline. It did not show a noticeable increase. Its 
temperature remained constant within a certain range. 
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Figure 7. Temperature distribution of POM 
 
Figure 7 shows the temperature behavior of the POM gear. POM gear started at 2 times higher 
temperature than CV60 gear. The impact resistance and damping of the POM gear is slightly 
lower than that of the CV60 gear. After 1.5 million cycles, the temperature fluctuation of the 
POM gear increased in some places and then followed a decreasing graph. There is a torque 
effect at the rise points. Torque has friction force and impact from steel gear. POM gear could 
not absorb impact strength as much as CV60 gear. While CV60 gear is 95A shore hardness, 
POM gear has 75-80A shore hardness value range.  
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Figure 8. Noise results POM and CV60 gear 

 
Noise results of CV60 and POM gears are given in Figure 8.CV60 At first, it rose to a high 
value. He then lowered his voice because of his strength. Since it is produced with additive 
manufacturing, there are gaps between the layers in its structure, which makes the sound more 
comfortable. The CV60 gear has better shock absorption than the POM gear, which affects the 
noise parameter results. Both worked against the steel gear. The POM gear initially weighs 
22,274 g. However, there was some loss of mass as it was exposed to heat, torque and wear. 
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Table 6 shows that the maximum loss is the result of 1500000 cycles. Considering the reason 
for this; Both temperature and torque were higher than at other revs. It was concluded that more 
temperature factors play a role. Because although the torque value is high at 1250000 rpm, the 
temperature value is low. The temperature factor plays an effective role at 1500000 rpm and 
there is not much difference between the torque values. As a result, wear on the tooth surface 
has occurred. Thermal behavior was more effective in POM gear. Ra and Rz. These values are 
presented in Table 5. It is understood that the recesses and protrusions on the surface are reduced 
and smoothed. Surface measurements were made on these 4 randomly selected teeth in the 
CV60 gear. In the initial state, the Rz value was measured as 150.5μm, but after 250000 runs 
there was a decrease in the Rz value and this also applies to the Ra value. 
 

        Table 6. Mass&Cycle relation 
Cycle x103 (rev/min) POM CV60 
250 22,23 gr 12,58 gr  
500 22,20 g 12,56 gr 
750 22,18 gr 12,54 gr 
1000 22,15 gr 12,44 gr 
1250 22,13 gr 12,44 gr 
1500 22,08 gr 12,39 gr 

 
Since the CV60 gear is produced by additive manufacturing, there are too many indentations 
and protrusions on its surface. This was also seen in the surface roughness measurement. For 
this reason, the mass loss was high after 250000 cycles and the surface was smoothed in 
subsequent studies. The torque value is also measured as 2.86 Nm. No extra counter-torque 
braking was applied during the gear test. Material losses were observed in the range of the 
highest torque and temperature values. POM and CV60 gears were worn at constant torque 
values (3 ± 0.6 Nm). All experiments were carried out at room temperature, the temperature 
difference in measurements was ±5°C. The noise results of these gears; POM gear measured 
94±2 dB, CV60 gear 85±2 dB. Considering the other parameter, noise, the results were close 
to each other, but the 3D printed gear produced slightly better results. Considering the results 
of the temperature and noise parameters, the CV60 gear showed superior properties compared 
to the machining POM gear, and both gears were 1000 rpm AISI 1040 worked stably against 
the steel gear. CV60 gear can also be preferred. 
 
4. Conclusion 
In this study, the operating results of two different plastics, POM and 3D printed gear were 
examined. If additives such as Glass fiber are added to the POM gear, its strength increases and 
consequently reduces thermal linear deformation. This makes it more resistant to heat. The 
findings did not mislead our predictions. Looking at the results in general, gears produced by 
additive manufacturing are more preferred in terms of temperature, wear and noise. 
 
It was determined that there were noticeable losses in the teeth of the POM gear. A fracture has 
occurred on the tooth surface of the POM gear. When the CV60 gear was operating, it reached 
a maximum of 40°C, this is an excellent thing. Polyamide, POM was found to be in a more 
advantageous position in terms of temperature compared to the Ultem gear. TPU filament PLA 
is superior to ABS printed gears in terms of strength, rigid structure and temperature. The CV60 
gear with TPU structure and carbon additives showed that it could work longer, moreover, it 
worked against the steel gear (AISI 1040). The use of thermoplastic gears instead of metal gears 
is increasing in industry. it has been shown that the gear produced by 3D printing has superior 
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properties compared to the POM gear, and is also in a more advantageous position in terms of 
production. 3D printed gears is definitely an area of future study and needs to be tested on a 
wider range of parameters to achieve optimum results. First, more material analysis of current 
printing materials is required to better understand the key factors affecting wear behavior. 
Secondly, optimization methods for 3D printing parameters need to be investigated to improve 
the performance of 3D printed gears. Third, a much broader analysis and comparison of the 
properties of polymer gears produced by different manufacturing processes, including injection 
molding, machining and 3D printing, is required. 
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Abstract 
 
Electrical Discharge Drilling is a process in which small-diameter holes with certain aspect ratios 
can be produced on difficult-to-machine materials. During drilling operation, an enlargement in 
diameter of a drilled hole occurs due to formation of side-sparking between the walls of electrode 
and hole. This refers to overcut that causes the production of holes larger than electrode diameter. 
It is desirable that overcut should be minimum for producing accurate holes. This study presents 
an experimental investigation on the effect of electrode geometry on the formation of overcut. 
Several holes were drilled at various process conditions by using electrodes having four different 
geometries. Diameters of the drilled holes were measured, and the overcut for each hole was 
determined. The results showed that electrode geometry has a great influence on the formation 
of overcut. The overcut of holes could be reduced with use of suitable electrode geometry. 

 
  Keyword: Electrical Discharge Drilling, Electrode Geometry, Overcut. 
 
 
1. Introduction 
Electrical Discharge Drilling (EDD), a variation of Electrical Discharge Machining (EDM), is an 
electro-thermal process based on the eroding effect of electric sparks occurring between tool 
electrode and workpiece [1]. It is used for production of small-diameter holes on electrically 
conductive materials. Drilling is conducted by means of rotating hollow electrodes through which 
the dielectric fluid is flowing for clearing the debris, as shown in Figure 1. 
 
During drilling operation, primary-sparking occurs between bottom of electrode and surface of 
workpiece, leading to removal of certain amount of debris per unit time. In addition, there is 
secondary-sparking (side-sparking) between the walls of electrode and workpiece, which causes 
an enlargement in hole diameter. Thus, the diameter of drilled hole is always larger than that of 
electrode, which is called Overcut (OC). It is determined based on the amount of enlargement in 
hole diameter with respect to electrode diameter as given in Equation 1, where Dh and De are 
diameter of drilled hole (measured near the hole entrance) and electrode diameter, respectively. 
 

𝑂𝑂𝑂𝑂 (%) =
𝐷𝐷ℎ − 𝐷𝐷𝑒𝑒
𝐷𝐷𝑒𝑒

∗ 100   
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Figure 2. Sketch of specimens before and after drilling 

 
Table 2 presents the details for drilling experiments based on L9 orthogonal array. Holes were 
drilled at certain levels of current, pulse-on time, and pulse-off time while other process parameters 
were kept fixed. The levels of parameters were determined based on preliminary drilling trials. 
Drilling time was kept as 3 minutes for all holes so that a reliable comparison in the corresponding 
results could be made. 
 

Table 2. Experimental plan with variable and fixed parameters 
Hole 
No. 

Current 
(A) 

Pulse-On 
(µs) 

Pulse-Off 
(µs)  Fixed Parameters 

1 16 27 16  Voltage: 50 V 
2 16 35 20  Capacitance: 1476 µF 
3 16 44 26  Dielectric Fluid: deionized water 
4 20 27 20  Dielectric Pressure: 30 kg/cm2 
5 20 35 26  Electrode Rotation: 200 rpm 
6 20 44 16  Electrode Polarity: negative 
7 24 27 26    
8 24 35 16    
9 24 44 20    

 
3. Results and Discussion 
The diameter of each hole after drilling using four different electrodes as well as the corresponding 
OC values are given in Table 3. The comparison of OC results is shown in Figure 3. As seen from 
results, regardless of drilling conditions, it is evident that circular electrode caused the largest OC 
among all electrode geometries. This is due to the fact that there is insufficient gap between side 
walls of electrode and workpiece, which leads to side-sparking arising from short circuits and arcs, 
resulting in enlargement in the perimeter of drilled hole. 
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Table 3. Measured hole diameters and corresponding OC values 
Hole 
No. 

Hole Dia. (mm) OC (%) 
C SC E SQ C SC E SQ 

1 3.34 3.13 3.17 3.08 11.33 4.33 5.67 2.67 
2 3.33 3.18 3.19 3.06 11.00 6.00 6.33 2.00 
3 3.31 3.16 3.18 3.11 10.33 5.33 6.00 3.67 
4 3.26 3.12 3.17 3.11   8.67 4.00 5.67 3.67 
5 3.39 3.19 3.22 3.15 13.00 6.33 7.33 5.00 
6 3.42 3.16 3.28 3.13 14.00 5.33 9.33 4.33 
7 3.27 3.18 3.25 3.09   9.00 6.00 8.33 3.00 
8 3.24 3.15 3.16 3.15   8.00 5.00 5.33 5.00 
9 3.37 3.21 3.22 3.18 12.33 7.00 7.33 6.00 

 

 
Figure 3. OC values in drilled holes 

 
On the other hand, the other electrode geometries (i.e. side-cut, elliptical, and square) provided 
relatively less OC than the circular electrode. This is because of improved flushing performance 
due to increased inter-electrode gap in such electrode geometries, which reduces the possibility of 
side-sparking generated from debris accumulation. 
 
Among all electrode geometries, the lowest OC was achieved with use of square electrode. The 
reason for this is that side-sparking occurs only in the vicinity of corners of square electrode, 
leading to less erosion on its perimeter, and hence less enlargement occurs in hole diameter. 
Depending upon drilling conditions, up to 80% reduction in OC was obtained in case of square 
electrode in comparison with circular electrode. 
 
4. Conclusions 
The results in this study reveal that enlargement in diameter of holes (overcut, OC) in EDD process 
can be reduced by use of appropriate geometry of tool electrode. For this purpose, several holes 
were produced using electrodes having different geometries. The main outcomes of research are 
summarized as follows: 
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 OC is caused by the occurrence of side-sparking between side walls of electrode and workpiece. 
It can be minimized with prevention of debris accumulation at inter-electrode gap. 

 This is possible by utilization of proper electrode geometry that provides improved flushing 
performance for washing the debris away from machining zone. 

 The results showed that, in comparison with commercial circular electrode, special designs of 
electrodes (side-cut, elliptical and square geometries) provided significant reduction in OC, 
regardless of drilling conditions. 

 Among all electrode geometries, the lowest OC was achieved with square electrode because of 
the minimum degree of erosion occurring in the perimeter of hole during process. 

 This study proves the effectiveness of tool geometry in EDD process for production of holes 
with higher accuracy. 
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BMG DELİK DELME PROSESİNDE SICAKLIK MODELLEMESİ 
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Özet 
 

Bu çalışmada BMG malzemesinin yüksek sıcaklık nedeniyle amorf karakterini kaybetmesine 
neden olmadan delme işlemi parametrelerinin tespiti hedeflenmiştir. Bu amaçla sıcaklık dağılımı 
ve modelleme elde etmek için bir delik delme deneyinin tasarımı yapılmış ve bu deneyler 
gerçekleştirilmiştir. Deneylerinin tasarımı için ilerleme hızı ve devir parametreleri ile faktöriyel 
metodu kullanılmış ve yapılan literatür araştırmasıyla birlikte ilerleme hızı ve devir parametreleri 
için referans değerler belirlenmiştir. Deney setinde 50 mm uzunluğunda ve 5 mm çapında Zr 
bazlı (Zr52,5Cu17,9Al10Ni14,6Ti5 (% olarak)) ark ergitme ve enjeksiyonla kalıplama yöntemleri 
kullanılarak üretilen bir BMG numunesi kullanılmıştır. Test sonuçları, artan ilerleme hızının 
düşük kesme hızlarında (4 ve 8 m/dk) yüksek sıcaklığa neden olduğunu göstermektedir. En 
yüksek kesme hızında (16 m/dk), ilerleme hızı sıcaklık değişimini ters yönde etkilemiştir. En 
yüksek sıcaklığın (180 °C) en düşük ilerleme hızında (12,5 mm/dk) ve beklendiği gibi en yüksek 
kesme hızında olduğu kaydedilmiştir. Elde edilen veriler ile birlikte delik delme işleminin 
sıcaklık modellemesi çalışmalarına başlanmıştır. 
 
Anahtar Kelimeler: Camsı metaller, delik delme işlemi, termal modelleme. 
 
1.Giriş 
Günümüzde yüksek performansa sahip, endüstriyel alanda kullanılmak üzere yeni malzemelere 
ihtiyaç duyulmaktadır. Bu ihtiyaçları karşılamak için laboratuvar ortamlarında yeni malzemeler 
üretilmeye çalışılmakla beraber hali hazırda bulunan malzemeler üzerine araştırma ve geliştirme 
çalışmaları da yapılmaktadır. Metal malzemelerin özelliklerini iyileştirmek için alaşımlandırma 
oldukça kolay ve ekonomik bir yöntemdir. Bununla birlikte başvurulan imalat yöntemi de 
üretilen malzemelerin yapısını ve mekanik özelliklerini etkilemektedir.  
 
Dökme metalik camlar (BMG) süper-soğutulmuş sıvı bölgelerinde süper-elastisite ile birlikte 
oda sıcaklığında yüksek sertlik ve mukavemete sahip olan gelişmiş malzemelerdir. Bu 
doğrultuda BMG, çelik ve plastikler gibi yaygın olarak kullanılan yapısal malzemelerin 
avantajlarına sahiptir. Termoplastik şekillendirilebilirlik sayesinde, karmaşık şekilli BMG 
parçaları, mühendislik uygulamalarını destekleyen termoplastik şekillendirme ile imal 
edilebilmektedir. BMG malzemelerin termoplastik şekillendirilebilirliğinin daha çok alaşım 
bileşimine bağlı olduğu bulunmuştur. Literatürde yapılan çalışmalara göre bazı Zr bazlı 
BMG'lerin yüksek termoplastik şekillendirmeye sahip olduğu görülmüştür [1].  
 
Zr bazlı dökme metalik camlar (BMG), tane sınırı ve diğer dislokasyon türlerini içermez ve 
böylece kristal metallere kıyasla daha yüksek sertlik, yüksek kırılma mukavemeti, yüksek tokluk, 
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yüksek elastik limit, mükemmel korozyon direnci gibi üstün özelliklere sahiptirler [2,3]. Fakat 
bu gelişmiş malzeme düşük faz geçiş sıcaklıkları (~420 ºC kristalleşme sıcaklığı ve ~710 ºC 
erime sıcaklığı) ve zayıf ısı iletkenliği (~4 W/mK) nedeniyle, kesim sırasında yüksek sıcaklıklara 
maruz kaldığında amorf yapısını kaybetmektedir [3]. Yüksek sıcaklıkta amorf yapısının 
kaybolması sebebiyle bu malzeme için işleme operasyonları çok sınırlıdır. Bu malzemeyi 
güvenli bir şekilde üretmek için gelişmiş işleme stratejileri geliştirilmelidir.  
 
Delme, delik açmak için karmaşık şekil ve yüksek boyutsal hassasiyetle BMG parçaları üretmek 
için yaygın olarak kullanılan bir işleme prosesidir. Kesme hızı ve kesici uç eğimi, delme 
işleminde talaş oluşumu sırasında bir helisel matkabın kesme kenarları boyunca değişir [4].  
 
Bakkal ve arkadaşları, Zr esaslı dökme metalik cam (BMG) malzemesinin delinmesinde talaş 
ışık emisyonu, talaş morfolojisi, çapak oluşumu ve işlenmiş yüzeyi incelemişlerdir. 6,35 mm 
çapında, 2 mm kalınlığında bir disk numune ile 7 deney gerçekleştirilmiş ve HSS ve WC-Co 
takım malzemelerinin BMG'yi çeşitli besleme hızlarında, iş mili hızlarında ve matkap 
boyutlarında delme için etkileri incelenmiştir. Yavaş besleme hızı ve yüksek iş mili hızı, 
spesifik kesme enerjisini, talaşın ekzotermik oksidasyonunu ve ışık emisyonunu arttırdığı 
gözlenmiştir. Çalışmada yapılan BMG delme işleminde altı çeşit talaş morfolojisi  (toz, kısa 
şerit, uzun şerit, uzun spiral, uzun şerit karışık ve fan) gözlenmiştir. Uzun şerit karışık talaş 
morfolojisi BMG malzemesine özgüdür. Hızlı durma koşulu altında işlenmiş yüzeyde, metalik 
camlara özgü kırılma, boşluk ve damar kırılma topografyası gözlenmiştir. Giriş üzerinde 
yuvarlanma şekli ve çıkış kenarında taç şeklinde farklı çapak oluşumları ve çıkış kenarındaki 
çapak boyutunun tipik olarak giriş kenarındaki boyuttan daha büyük olduğu gözlenmiştir. 
Yüksek ilerleme hızının hem giriş hem de çıkış kenarlarındaki çapak boyutunu azaltmaya 
yardımcı olduğu tespit edilmiştir. Bu çalışmada ayrıca, BMG delme işleminde yüksek termal 
iletkenliği ve sertliği nedeniyle WC-Co takım malzemesinin yüksek hız çeliği takımdan daha 
iyi performansa ulaştığı sonucuna varılmıştır. 
 
Bu çalışma, delme işlemi sırasında sıcaklık dağılımı ve modelleme elde etmek için bir delme 
deneyinin tasarımını içermektedir. Çalışmada malzemenin yüksek sıcaklık nedeniyle amorf 
karakterini kaybetmesine neden olmadan Zr bazlı BMG malzemesi için optimum delme 
parametreleri incelenmiştir. 
 
2.Deneysel Çalışma 
Bu çalışmada BMG malzemesinin amorf yapısının delik delme prosesinde oluşan 
sıcaklıklardan etkilenmemesi için parametrelerin tespiti üzerinde çalışılmıştır. Deneysel 
prosedürün tasarımında literatür araştırmasına göre besleme hızı ve devir parametreleri için 
referans değerler seçilerek deneyler gerçekleştirilmiştir. 
 
Deneyde Zr bazlı (Zr52,5Cu17,9Al10Ni14,6Ti5) BMG malzemesi kullanılmıştır. Numune 50 mm 
uzunlukta ve 5 mm çapında olup ark eritme ve enjeksiyonla kalıplama yöntemleriyle 
üretilmiştir. Deneyler sırasında numune bir fikstür aracılığıyla tezgaha sabitlenmiştir. Delik 
delme prosesi esnasında sıcaklık verilerinin kaydedilebilmesi için numune üzerinde delinecek 
her deliğe özgü bir termokupl deliği açılmıştır. Numune ve fikstür sırasıyla Şekil 1 ve Şekil 
2’de, fikstür ile tezgaha sabitlenen numuneyi içeren deney düzeneği Şekil 3’de gösterilmiştir. 
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Şekil 1-Deney Numunesi   Şekil 2-Deney Düzeneği 

 
Şekil 3-Fikstür 

Yapılan deneylerde kullanılacak parametreler deneyin yapıldığı tezgah kapasitesi sınırları 
içerisinde belirlenmiştir. Deneylerde kullanılan parametreler Tablo 1’de verilmiştir. 

 
Tablo 1. Deney Parametreleri 

 
 
 
 
 
 
 
 
 
 
 
 
 
1. Deney Sonuçları 
1 mm’lik WC takım ile yapılan delik delme testindeki sıcaklık ölçümü ve bu ölçümler ile 
birlikte alınan kuvvet değerleri sonuçları Tablo 2'de verilmiştir.  

Hız (m/dk) Devir Besleme 
Hızı[mm/dk] 

4 1250 3,125 
4 1250 6,250 
4 1250 12,500 
8 2500 6,250 
8 2500 12,500 
8 2500 25,000 
16 5000 12,500 
16 5000 25,000 
16 5000 50,000 
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Özet 
 

Günümüzde teknolojik gelişmeler sayesinde tüketicilerin taleplerini karşılayabilmek mümküne 
hale gelmiştir. Tekstil ürünlerinden en yaygın olarak kullanılan denim kumaşların dayanıklılık ve 
rahat giyim vb. özelliklerinin iyileştirilmesi noktasında bu teknolojik gelişmelerin katkısını 
görmekteyiz. Denim kumaşa elastikiyet kazandırmak amacıyla atkı ipliği olarak elastan özlü 
ipliğin kullanımının yaygın olduğu görülmektedir. Ancak tekrarlı kullanım ve yıkama sonucunda 
elastanda meydana gelen deformasyon sebebiyle denim kumaşlarda özellikle potlanma problemi 
oluşmaktadır. Günümüzdeki teknoloji sayesinde artık atkı ipliğinde öz olarak sadece elastan 
değil elastan ile birlikte filamentin iplik üretim esnasında aynı anda ipliğin merkezine 
beslenmesiyle çok bileşenli özlü iplik üretimi gerçekleştirilebilmektedir. Bu çalışmada, çok 
bileşenli özlü ipliklerden öz ve sargı lif değişkenlerinin ve iplik numarasının, denim kumaşların 
yırtılma mukavemeti üzerine etkilerinin incelenmesini içermektedir. Bu kapsamda, sargı lifi 
olarak %100 Polyester ve %60/40 Pamuk/Polyester kullanılmıştır. Çalışma kapsamında, 1. öz 
materyali olarak da 55 dtex T400, PBT ve PET ile birlikte 2. öz materyali olarak 78 dtex elastan 
iki bileşenli öz materyalleri kullanılmıştır. Çok bileşenli özlü iplik numuneleri aynı üretim 
parametrelerinde ring iplik eğirme sisteminde Ne 12/1 ve 18/1 numaralarında üretilmiştir. 
Üretilen bu iplik numuneleri atkı ipliği olarak kullanılarak denim kumaş numuneleri üretilmiş ve 
bu numunelere çözgü ve atkı yönünde yırtılma mukavemet testleri uygulanmıştır. Analiz 
sonucunda sargı lifinin ve öz materyalinin ve iplik numarasının denim kumaş yırtılma kuvveti 
üzerinde istatistiksel olarak anlamlı bir etkisi olduğu belirlenmiştir. 
 
Keyword: Denim, Dual-Core, Özlü İplik, Ring Eğirme Sistemi. 
 
1. Giriş 
Denim tüm dünyada günlük kullanımda tüketicilerin tercih ettiği yüksek kullanım potansiyeline 
sahip bir tekstil ürünü olarak karşımıza çıkmaktadır. Denim sektörü bu yüksek kullanım 
potansiyeli neticesinde tüketici taleplerine cevap verebilmek amacıyla sürekli olarak bir gelişim 
içerisindedir. Özellikle kullanım açısından tüketicilerin giyim konforu açısından rahat, esnek ve 
dayanım özellikleri iyi olan denim ürünlerini talep etmeleri üreticiler üzerinde araştırma ve 
geliştirme konusunda itici bir güç oluşturmaktadır. Özlü iplikler; iki ve ya daha fazla birleşenin 
özelliklerinden aynı anda optimum düzeyde faydalanabilmek amacıyla geliştirilmiş öz (ipliğin 
merkezinde) ve kılıf (öz ipliğinin etrafına sarılan) liflerinden oluşan bir iplik türüdür. Elastan 
özlü iplikler denim endüstrisinde yaygın olarak kullanılmaktadır. Ancak tekrarlı kullanım ve 
yıkama neticesinde denimde potlanma ve kalıcı uzama vb. deformasyonlar meydana 
gelmektedir. Bu problemin çözümüne yönelik günümüzde iplik üretiminde öz de kullanılan 
elastana ek ikinci bir öz olarak takviye bir filamentin (T400, Polyester (PET), Polybutylene 
terephthalat (PBT) vb.) iplik üretimi esnasında özde beslenmesiyle çok bileşenli özlü iplik 
üretimi gerçekleştirilmektedir. Bu sayede elastanın denime sağladığı elastikiyet özelliğine ek 
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olarak ikinci öz olan filament etkisiyle kumaşın boyutsal dayanımının arttırılması mümkün hale 
gelmektedir. Çok bileşenli özlü iplik üretimine yönelik literatürde birçok çalışma mevcuttur     
[1-15]. Aydoğdu ve Yılmaz çalışmalarında farklı numaralarda (12/1 Ne, 16/1 Ne ve 20/1 Ne) 
X55 (50 ve 70 denye) ve spandex (70 denye) öz içerikli çok bileşenli özlü iplikler (dual-core) 
elde edilmiştir. Çalışmada aynı zamanda da sargı lifi olarak %100 pamuk, %100 viskon ve 
%50/50 pamuk/tencel lifleri kullanılmıştır. Çok bileşenli özlü ipliklerin üretimleri ring iplik 
eğirme sisteminde gerçekleştirilmiştir. Üretilen ipliklerden örme ve dokuma kumaşlar elde 
edilmiştir. İplik özellikleri (iplik düzgünsüzlük, mukavemet-uzama, tüylülük, iplik hataları), 
örme kumaş özellikleri (patlama mukavemeti) ve dokuma kumaş özellikleri (boncuklanma 
dayanımı, çekme mukavemeti ve uzaması, eğilme dayanımı) belirlenmiştir. Çalışma neticesinde 
sargı lif tipi, iplik numarasının iplik düzgünsüzlük, kalın yer, neps, iplik tüylülüğü ve örme 
kumaş patlama mukavemeti üzerinde istatistiksel olarak anlamlı etkisinin olduğu, sargı lif tipi, 
iplik numaarsı ve öz filament doğrusal yoğunluğunun çok bileşenli özlü iplik ve dokuma kumaş 
özellikleri üzerinde anlamlı bir etkisinin olduğu sonucuna ulaşılmıştır [1]. Babaarslan ve ark. 
farklı filament inceliğine sahip yalancı büküm tekstüre polyester filamenti kullanarak özlü ve 
çok bileşenli özlü (polyester+elastan) iplik üretmişlerdir. Elastan çekimi ve filament inceliğinin 
değişkenlerinin etkisinin incelendiği bu çalışmada ipliklerden denim kumaşlar elde edilmiştir. 
Elastan çekim oranının kumaş kopma kuvveti ve uzaması, yırtılma kuvveti, kılcallık oranı, kalıcı 
uzama özellikleri üzerinde etkisinin olduğu ve filament inceliğinin ise kopma kuvveti ve 
uzaması, yırtılma kuvveti, kılcallık oranı, kalıcı uzama ve su emilimi özellikleri üzerinde 
istatistiksel olarak anlamlı bir etkiye sahip olduğu sonucuna ulaşmışlardır [14]. Bedez Ute ve 
Kadoğlu, çalışmalarında farklı elastan ve filament kombinasyonlarında elde ettikleri tek ve çift 
özlü ipliklerin performans özelliklerini incelemişlerdir. Elastan doğrusal yoğunluğunun ve öz 
değişkeninin iplik özellikleri üzerinde etkilerinin olduğu sonucuna ulaşmışlardır. Daşan ve 
Babaarslan çalışmalarında filament tipi (Xa, PES ve PA 6.6) ve elastan çekim oranı (3, 3.5, 4 ve 
4.5) değişkenlerinde ring iplik eğirme sisteminde çok bileşenli özlü iplik üretimleri 
gerçekleştirmişlerdir. Daha sonrasında ise bu iplikleri atkı ipliği olarak kullanarak denim kumaş 
numuneleri elde etmişlerdir. Denim kumaşların mukavemet, uzama, potlanma, elastikiyet ve 
kumaş çekme özellikleri belirlemişlerdir [15].  
Çalışma kapsamında öz ve sargı lif tipi ve iplik numarası değişkenleri ile üretilen çok bileşenli 
özlü ipliklerinin denim kumaş yırtılma performansı üzerine etkisi incelenmiştir. Bu amaçla elde 
edilen iplikler denim kumaş üretiminde atkı ipliği olarak kullanılmıştır. Öz ve sargı lif 
değişkenleri ve iplik numarasının çözgü ve atkı yönü yırtılma kuvveti üzerindeki etkisini 
belirleyebilmek amacıyla SPSS paket programı kullanılarak % 95 güven aralığında varyans 
analizi (ANOVA) gerçekleştirilmiştir.  
 
2. Materyal ve Metot 
2.1. Materyal 
Sargı lifinin, öz materyalinin ve iplik numarasının denim kumaş yırtılma mukavemeti üzerindeki 
etkisinin incelendiği bu çalışmada sargı lifi olarak %100 Polyester, %60/40 Pamuk/Polyester ve 
%100 Pamuk kullanılmıştır. Çalışma kapsamında, 1. öz materyali olarak 55 dtex T400, PBT ve 
PET ile birlikte 2. öz materyali olarak 78 dtex elastan kullanılmıştır. Bu hammaddeler 
kullanılarak Tablo 1’de verilen çok bileşenli özlü iplik numuneleri aynı üretim parametrelerinde 
ring iplik eğirme sisteminde Ne 12/1 ve 18/1 numaralarında Ne 0.70 fitil numarasında fitil 
kullanılarak 3.62 elastan çekim oranı, 1.08 filament çekim oranı ve 12.600 iğ devrinde 
gerçekleştirilmiştir. Bununla birlikte, Ne 12/1 numara iplik üretimleri 620 tur/m (tpm) bükümde, 
Ne 18/1 numara iplik için ise 760 tpm bükümde gerçekleştirilmiştir [16]. 
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Tablo 1. Çalışma kapsamında üretilen iplik numuneleri 

İplik Numarası 
(Ne) Sargı Lif Tipi 

 Öz Materyali 

1.Öz 
Bleşeni 

Doğrusal 
Yoğunluk 

(dtex) 

2. Öz 
Bileşeni 

Doğrusal 
Yoğunluk 

(dtex) 

18 100% Polyester 
T400 55 Elastan 78 
PBT 55 Elastan 78 
PET 55 Elastan 78 

12 100% Polyester 
T400 55 Elastan 78 
PBT 55 Elastan 78 
PET 55 Elastan 78 

18 60/40% 
Pamuk/Polyester 

T400 55 Elastan 78 
PBT 55 Elastan 78 
PET 55 Elastan 78 

12 60/40% 
Pamuk/Polyester 

T400 55 Elastan 78 
PBT 55 Elastan 78 
PET 55 Elastan 78 

 
Toplamda üretilen 12 farklı iplik numunesi kullanılarak denim kumaş numuneleri elde edilmiştir. 
Denim kumaş üretimleri tarak numarası 70/4 olan Picanol 550 mm/dk dokuma makinasında Ne 
12/1 atkı ipliğindeki numunelerin atkı sıklığı 12 atkı/cm, Ne 18/1 atkı ipliğindeki numunelerin 
atkı sıklığı ise 20 atkı/cm olacak şekilde gerçekleştirilmiştir. Çözgü iplik numarası ise denim 
üretiminde sıklıkla tercih edilen Ne 20/1 seçilmiştir. Dokunan kumaşlara daha sonra ön yüz teğet 
yakma, 10 bome kostik ve en son olarak da standart apre sanfor işlemleri uygulanmıştır. 
 
2.2. Metot 
Kumaş üretim aşamasında çözgü yönü parametreleri sabit tutularak çift özlü iplikler kumaşın 
atkı yönünde kullanılmıştır. Yırtılma mukavemeti testi ASTM D1424 standardına göre Dijital 
Elma Tear Test Cihazı (James Heal/İngiltere) kullanılarak gerçekleştirilmiştir. Çalışmada atkı 
ipliği olarak farklı özelliklere sahip çok bileşenli özlü iplikler kullanıldığından ve çözgü yönünde 
kullanılan iplik özellikleri aynı olduğundan kaynaklı kumaş yırtılma mukavemet testi atkı 
yönünde uygulanmıştır. Analizde atkı yönünde diyagonal olarak 5 adet numune üzerinde ölçüm 
alınmıştır. 
Sargı lif tipi, öz materyal değişkeni ve iplik numarası değişkenlerinin denim kumaş 
numunelerinin yırtılma mukavemeti üzerinde anlamlı bir etkisinin olup olmadığını belirlemek 
amacıyla SPSS 21.0 paket programı kullanılarak varyans analizi uygulanmıştır. Tüm sonuçlar 
%95 güven aralığında değerlendirilmiştir. 
 
3.Bulgular ve Tartışma  
Denim kumaş numunelerine ait yapısal özellikler Tablo 2’de verilmiştir. Denim kumaş 
numunelerinin atkı yönü yırtılma kuvveti Şekil 1’de gösterilmiştir.   
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Tablo 2. Denim kumaş numunelerinin yapısal özellikleri 
İplik 

Numarası 
(Ne) 

Sargı Lif Tipi Öz Materyali 
Çözgü 
Sıklığı 

(çözgü/cm) 

Atkı 
Sıklığı 

(atkı/cm) 

Gramaj 
(g/m2) 

 
18 100% Polyester 

T400+Elastan 42,6 21,8 313,2 
PBT+Elastan 43,0 21,8 320,0 
PET+Elastan 42,4 22,2 307,4 

 
12 100% Polyester 

T400+Elastan 40,2 12,8 284,6 
PBT+Elastan 40,0 13,0 288,0 
PET+Elastan 39,6 13,0 278,2 

 
18 
 

60/40% 
Pamuk/Polyester 

T400+Elastan 41,4 22,2 306,2 
PBT+Elastan 40,4 22,2 307,0 
PET+Elastan 40,0 23,0 297,4 

 
12 
 

60/40% 
Pamuk/Polyester 

T400+Elastan 40,4 12,8 278,4 
PBT+Elastan 39,8 12,8 271,6 
PET+Elastan 40,4 12,6 274,8 

 
 

 
Şekil 1. Denim kumaş numunelerinin atkı yönü yırtılma kuvveti 

 
Atkı yönü yırtıma kuvveti incelendiğinde %100 polyester sargı lifinden elde edilen denim kumaş 
numunelerinin yırtılma kuvvetinin %60/40 pamuk/polyester sargı lifinden elde edilen denim 
kumaş numunelerinin yırtılma kuvvetinden daha yüksek olduğu belirlenmiştir. Öz materyal 
değişkeni incelendiğinde atkı yönü yırtılma kuvvetinin yüksekten düşüğe doğru sırasıyla 
T400+Elastane>PET+Elastan>PBT+Elastan olduğu görülmektedir. Bununla birlikte, Ne 18/1 
numara ipliklerden elde edilen denim kumaşların atkı yönü yırtılma kuvvetinin Ne 12/1 numara 
ipliklerden elde edilen denim kumaşların çözgü yönü yırtılma kuvvetinden daha düşük olduğu 
belirlenmiştir. Tablo 3’te verilmiş olan ANOVA analiz sonuçlarına göre iplik numarası (A), öz 
materyal değişkeni (B) ve sargı lif tipinin (C) atkı yönü yırtılma kuvveti üzerinde istatistiksel 
olarak anlamlı bir etkisinin olduğu görülmektedir (p<0,05). Ayrıca A*B, A*C ve B*C 
parametrelerinin etkileşimlerinin de atkı yönü yırtılma kuvveti üzerinde istatistiksel olarak 
anlamlı etkilerinin olduğu sonucuna ulaşılmıştır.  
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Tablo 3. Atkı yönünde yırtılma kuvveti için varyans analiz (ANOVA) sonuçları 

Kaynak Kareler 
Toplamı df Ortalama 

Kareler F Anlamlılık 

İplik Numarası (A) 11443286,817 1 11443286,817 155,976 0,000* 
Öz Materyal Değişkeni 
(B) 1516682,033 2 758341,017 10,336 0,000* 

Sargı Lif Tipi (C) 3279278,817 1 3279278,817 44,698 0,000* 
A*B 700800,233 2 350400,117 4,776 0,013* 
A*C 755554,817 1 755554,817 10,298 0,002* 
B*C 627457,433 2 313728,717 4,276 0,020* 
A*B*C 926737,233 2 463368,617 6,316 0,004* 
a. R2= 0,845 (Düzenlenmiş R2= 0,810) 
 
 
4.Sonuçlar 
Bu çalışmada iplik numarasının, öz materyalinin ve sargı lif tipinin denim kumaşların atkı yönü 
yırtılma kuvveti üzerinde etkisinin belirlenmesi amaçlanmıştır. Bu kapsamda aynı üretim 
parametrelerinde Ne 12/1 ve Ne 18/1 iplik numarasında, T400+Elastan, PBT+Elastan ve 
PET+Elastan öz materyalleri kullanılarak %100 Polyester ve %60/40 Pamuk/Polyester sargılı 
çok bileşenli özlü iplikler ring iplik eğirme sisteminde aynı üretim koşullarında üretilmiştir. Bu 
ipliklerden daha sonra denim kumaş üretiminde atkı ipliği olarak kullanılmıştır. Denim 
kumaşların atkı yönü yırtılma kuvveti değerleri tespit edilmiştir. Sonuçlar incelendiğinde, etkisi 
incelenen bütün parametrelerin (iplik numarası, öz materyali ve sargı lif tipi) atkı yönü yırtılma 
kuvveti üzerinde istatistiksel olarak anlamlı bir etkisi olduğu sonucuna ulaşılmıştır (p<0,05). Ne 
12/1 T400+Elastan özlü %100 Polyester sargılı iplikten üretilen denim kumaşın en yüksek 
yırtılma kuvveti değerine sahip olduğu belirlenmiştir. 
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Abstract 
 
Many food factories waste time and money because they do not have accurate and continuous 
information about raw materials, production, and end products. Large laboratories must be 
established to have this information. There is also a need for a large number of specialist personnel. 
These studies in the food sector should be non-contact, hygienic, and practical. Correct 
classification is one of the most important criteria for the storage process. Correct classification of 
raw materials is a laborious and highly experienced job. In order to make this decision, a series of 
analyzes should be made and all results should be interpreted by experts. The wrong decisions can 
result in high costs. In this study, we proposed artificial neural network-based models to classify 
wheat which is used as a raw material by bread flour factories. According to the standard TS-2974, 
bread wheat can be classified into four qualities, Class I (Elite Quality), Class II, Class III, and 
low-quality wheat (class four). Establishing an automatic classification system that uses laboratory 
analysis in order not to depend on the expert is very important for profit-making businesses. 
Therefore, models have been developed in this study that use laboratory analysis as input and 
allocate the appropriate class for bread wheat. The proposed models were tested with bread wheat 
obtained from a licensed warehouse in Şanlıurfa, Türkiye. The results of the study showed that it 
is possible to automate the bread wheat classification using artificial intelligence, independent of 
the expert. This system, which will reduce the labor force, will also be useful for non-contact and 
fast results. Thus, a decision support mechanism that can guide decision-makers will be 
established. It is the beginning of the digital transformation in food factories with artificial 
intelligence technologies, which are important for Industry 4.0 transformations. 
 
Keyword: Bread Wheat, Artificial Neural Network, Classification, Quality. 
 
1. Introduction  
Wheat is one of the basic foodstuffs. It is preferred by farmers as it is easy and effortless to produce. 
It can be grown easily in wet or arid lands. Storage and transportation costs are low. The most 
important advantage is that it has high nutritional values [1]. Wheat is used in various ways around 
the world. For example, the final products obtained by processing wheat are flour, pasta, semolina, 
and starch. This situation actually makes wheat a commercial value throughout the world. While 
converting this commercial value into price, of course, determining the wheat quality will be 
essential.  
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Wheat is an herbaceous plant that is cultivated in summer and winter. The yield of wheat planted 
in winter is much higher. Therefore, farmers do not prefer summer planting. Wheat has a long 
shelf life due to its low moisture content. Generally, wheat is purchased and stored in high 
tonnages. Before entering the storage process, quality control analyzes and wheat quality 
classification are required. Physical and chemical analysis are performed to determine the wheat 
quality. When classifying bread wheat, the most important factors affecting quality are defective 
grain, other miscellaneous substances, hectoliter and protein values. While defective grain and 
other miscellaneous substances can be detected by eye, measurement tools are needed for 
hectoliters, and protein analysis. Hectoliter data expresses the value of 100 liters of wheat in 
kilograms. Kjeldahl and Near Infrared (NIR) methods are used for protein analysis. NIR Method 
is used as a method that gives results in a shorter time. Instead of ordinary methods, it gives realistic 
results by measuring the absorption of radiation at certain wavelength ranges [2].  
 
Researchers have also tried different methods for food classification. By performing image 
analysis, it has been ensured that wheat can be classified and distinguished from different grains 
by size and shape analysis [3]. In another study using the Dense Scale Invariant Features (DSIFT) 
Method, studies were carried out on automatic classification of wheat [4]. Artificial neural 
networks have been used in the studies on durum wheat using artificial intelligence methods. In 
another study, estimation studies were carried out based on the physical properties of wheat [5]. 
The studies conducted are aimed at minimizing the laboratory processes in food factories. The 
number of laborious analyzes is decreasing day by day. In particular, a raw material analysis should 
be done very quickly and reliably. In this way, the purchasing and storage processes in factories 
or warehouses will be easier. 
 
2. Materials and Methods 
In this study, analysis results obtained from 412 different bread wheat samples were used to create 
a data set. The analyzes were obtained from the licensed warehouse using the Perten Inframatic 
9500 device. In the obtained data from the device,   the variables  such as (V1) Moisture, (V2) 
Broken kernel, (V3) Suni bug damaged kernel, V(4) Germination, (V5) Glume, (V6) Rye, (V7) 
Vernier grain, (V8) Remains of animal origin, (V9) Hectoliter, and (V10) Protein values were 
collected for each wheat sample. Also, expert decisions on the quality of the wheat are matched 
with the collected data sample. Then, we create  artificial neural networks methods to determine 
the class of bread wheat quality. Modeling was done using the Alyuda NeuroIntelligence program. 
 
2.1 Artificial Neural Network 
Artificial Neural Networks are computer programs that imitate human nerve cells. There are 
process elements, each connected by weighted links and each with its own memory [6].  Through 
these process elements, artificial neural networks generate some outputs by activating a number 
of functions. Artificial neural networks have a structure that can be trained, verified, and predicted 
the result [7]. Artificial nerve cells consist of Output, Addition function, Activation function, and 
weights. A general architecture of artificial neural networks consist of inputs, outputs, and hidden 
layers between them as represented in figure 1. Each layer has a certain number of components 
called neurons. Each neuron receives a large number of signals and creates an output signal with 
its own algorithm [8].  
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Figure 1. The Artificial Neural Network Architecture 

 
Another important feature of artificial neural networks is their adaptability. Networks have the 
ability to adapt their synaptic weights to changes in their environment. A previously trained neural 
network can be easily retrained for even the slightest change in the surrounding conditions. In 
addition, the synaptic weights of the neural network operating in an unstable environment can also 
be changed in real time [9].       
ANN is a widely used technique in wheat studies. The current studies are found as follows. Jadhav 
(2021) proposed an ANN model to predict wheat and jowar yield prediction model [10]. Monjezi 
(2021) suggests a data mining model using ANN to predict energy required in wheat production 
[11]. Halwani and Bachinger (2021) suggested four different ANN based models to predict grain 
yield response of winter wheat under organic farming system [12]. By the way, unlike the current 
literature, we propose a novel ANN based approach to wheat classification.        
 
2.2 Application 
The application part was made using the Alyuda NeuroIntelligence program. First of all, the data 
was uploaded to the system to be completely selected. Estimation of the class of wheat in the data 
was determined as the target and all other values were specified numerically. Randomly; 290 
samples (70%) for Training, 61 samples (15%) for Validation, and 61 samples (15%) for Test were 
selected. In the proposed ANN models, only V2 (Broken kernel), V3 (Suni bug damaged kernel), 
V4 (Germination), V9 (hectoliter), and V10 (Protein) parameters were accepted as input data 
instead of the whole parameters. Because the others (V1, V5, V6, V7, and V8) were not affecting 
the classification of the wheat according to TSE-2974 which is the standard of bread wheat 
classification. It means the spec value of these variables are the same for Elite, Class II, and Class 
III of bread wheat. The units of data used in artificial neural networks can be different, as well as 
their volumes. Some data can take values in the range of [0, 1], while some can take values between 
1 and 1000. It is an appropriate approach to pull these data used in the artificial neural network to 
a similar value range (such as [0, 1] or [-1, 1]) in order to better model them. In this study, all 
values are taken between -1 and +1 values by preprocessing. Although the network model can be 
selected manually, a model structuring has been worked on through the software. The model 
suggested by the software is selected as 5 input layers, 13 hidden layers, and 3 output layers.  
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3. Results and Discussion 
In this study, the Quick Propagation algorithm has been selected for network training. 500 
iterations were found sufficient for this classification. The model was trained 10 times and its 
accuracy results as in Correct Classification Rate (CCR) for training, validation, test, and all data 
were recorded, separately. Table 1 gives the results for 10 training runs. According to the CCR 
results for each run, the highest training rate was 98.29%, the lowest training set was 97.27%, the 
highest validation rate was 93.22%, and the lowest validation rate was 91.52%. The average 
training rate was 98.25% and the average validation rate was 91.86%.  
 

Table 1. Test Results of Training 

 
RUN 

1 
RUN 

2 
RUN 

3 
RUN 

4 
RUN 

5 
RUN 

6 
RUN 

7 
RUN 

8 
RUN 

9 
RUN 

10 Max Min Mean 

Train 97.95 98.29 94.21 98.29 97.27 98.29 98.29 98.29 98.29 97.27 98.29 97.27 97.64 
Validation 93.22 91.52 91.52 91.52 91.52 93.22 91.52 91.52 91.52 91.52 93.22 91.52 91.86 
Test 96.61 98.3 96.61 96.61 94.91 94.91 100 100 94.91 96.61 100 94.91 96.94 
All 97.08 97.33 94.17 97.08 96.11 97.08 97.57 97.57 96.84 96.35 97.57 94.17 96.71 

 
4. Conclusions 
The food industry is a system based entirely on quality analysis. There are large laboratories 
established within the factories and many technicians employed to perform these analyzes. 
Besides,, examining the analyzes and making an expert decision present a separate difficulty. It is 
indispensable for food factories that the decision is made quickly and the production is not 
interrupted. This study proposes a decision support system for people or institutions that buy, sell 
and stock wheat with artificial neural network models, so that they can control the decision they 
make.  
 
The study was carried out by making use of real data in order to be suitable for real life. In this 
way, the process from sampling to classification decision was evaluated through the system and 
the results were shared.  
 
In this study, ANN models have been developed for the bread wheat classification, which must be 
determined during the wheat stocking process and the decision is made by the experts. The 
developed model was able to predict the data obtained by laboratory analysis with an accuracy of 
96.71% as Elite, Class II, and Class III. This model can provide a high level of support to experts 
in their decision-making process. It can set an example for other scientists working in this field 
and can be developed. 
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Özet 
 
Bu çalışmada, Vorteks eğirme sisteminde üretilen pamuk- viskon karışımlı ipliklere uygulanan 
fikse (vakumlu buharlama) işleminin iplik mukavemeti, iplik kopma uzaması ve örme kumaş 
performans parametrelerine etkilerinin araştırılması amaçlanmıştır.  Bu kapsamda, %60-40 
pamuk-viskon ve %50-50 pamuk-viskon iplik numuneleri Vorteks eğirme sistemi kullanılarak 
üretilmiştir. Elde edilen ipliklerin bir kısmına fikse işlemi uygulanmıştır. Sonrasında fikseli ve 
fiksesiz olarak elde edilen ipliklerin kopma mukavemeti ve kopma uzaması özellikleri test 
edilmiştir. Elde edilen fikseli ve fiksesiz ipliklerden süprem örme kumaş numuneleri elde edilerek 
boyanmıştır. Daha sonra elde edilen boyalı kumaşların ev tipi yıkama sonrası boyutsal dayanım 
ve dönme, patlama mukavemeti, boncuklanma dayanımı ve renk haslığı performansları 
ölçülmüştür. Renk haslığı testlerinden (asit ve baz) ter haslığı, su haslığı, kuru sürtme ve yaş 
sürtme haslığı testleri uygulanmıştır. Çalışma sonucunda uygulanan fikse işleminin iplik 
mukavemeti üzerinde önemli bir değişikliğe sebep olmadığı ancak fikse işlemi uygulanan 
ipliklerin kopma uzamasında ise az miktarda artış olduğu görülmüştür. Elde edilen sonuçlar, bu 
çalışma kapsamında seçilen lif karışımları için, Vorteks ipliklere uygulanan fikse işleminin örme 
kumaş performansında bir iyileşme sağlamadığını göstermektedir. 
 
Anahtar Kelimeler: vorteks eğirme sistemi, vakumlu buharlama, patlama mukavemeti, 
boncuklanma dayanımı, renk haslığı 
 
1.Giriş  
Günümüzde iplik üretimi için birçok farklı eğirme sistemi kullanılmaktadır. En yaygın iplik 
eğirme sistemi Ring eğirme sistemi olmakla birlikte, sıklıkla kullanılan diğer sistemlerden Rotor 
ve Vorteks eğirme sistemleri de hızla yaygınlaşmaktadır. Her bir eğirme sisteminin farklı avantaj 
ve dezavantajları bulunmaktadır. Vorteks eğirme sistemi, Ring eğirme sistemindeki fitil ve 
bobinleme basamaklarının elimine edilmesi sebebiyle daha hızlı üretim ve daha düşük maliyet 
avantajı sunmakta ve gün geçtikçe yaygınlaşmaktadır. Vorteks eğirme sistemi, tekstil 
endüstrisinde kullanılan lif tiplerinin birçoğunun kullanılabildiği bir eğirme sistemidir. Bu eğirme 
sisteminde üretilen iplikler hem örme hem de dokuma kumaş üretiminde kullanılabilmektedir.  
 
İplik canlılığı olarak da bilinen ipliğin kendi üzerinde kıvrılarak büküm alması eğilimine hem kısa 
hem de uzun stapel iplikçiliğinde rastlanmaktadır. Bu durum örme ve dokuma kumaş üretiminde 
birçok zorluk yaratmakta ve kumaş hatalarını arttırarak kaliteyi olumsuz yönde etkilemektedir. Bu 
problemleri ortadan kaldırmak için, ipliğe fikse işlemi olarak da bilinen vakum ortamında 
buharlama uygulanabilmektedir. Fikse işlemi, iplik üzerinde eğirme prosesinden kaynaklanan 
gerilimleri gidermek, bükümü sabitlemek, mukavemeti arttırmak ve kumaş üretimi esnasında 
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ipliğin kendi üzerine büküm alarak kıvrılmasından kaynaklanan kumaş hatalarını gidermek 
amacıyla uygulanmaktadır.  
 
Çelik ve Kadoğlu [1] yaptıkları çalışmada, ham madde, eğirme sistemi, iplik numarası, büküm 
katsayısı ve fikse işleminin hem uzun hem de kısa stapel iplikçiliğinde büküm canlılığı üzerine 
önemli etkileri olduğunu görmüşlerdir. İpliklere fikse işlemi uygulanmasının iplik canlılığında 
azalmaya sebep olduğunu bildirmişlerdir. Şardağ ve Özdemir [2], çalışmalarında %100 pamuk, 
%100 viskon ve %100 poliester ipliklerin, farklı büküm, iplik numarası ve fikse sıcaklığı ve 
süreleri için büküm canlılıklarını incelemişlerdir. Yapılan çalışma, hammadde, büküm, iplik 
numarası ve fikse işleminin büküm canlılığı üzerinde önemli derecede etkili olduğunu 
göstermiştir. İlaveten, çalışmada kullanılan her bir hammadde için fikse sıcaklığı ve süresi 
koşullarının optimize edilebileceği ve fiksesiz ipliklere nazaran büküm canlılığı değerlerinin 
önemli derecede azaltılabileceği belirtilmiştir. Şardağ vd. [3], %100 pamuk ve %100 viskon 
ipliklerde fikse işleminin iplik mukavemet özelliklerine etkilerini incelemişlerdir. Çalışma 
kapsamında, Ne 16/1 ve Ne 30/1, %100 pamuk ve %100 viskon ipliklerde, üç farklı büküm 
katsayısı uygulayarak ürettikleri iplik numunelerini farklı sıcaklık ve sürelerde fikse işlemine tabi 
tutumuşlardır. Çalışma sonucunda %100 pamuk iplik numunelerinde büküm katsayısının 
arttırılması durumunda, mukavemeti arttırmak için, fikse işlemi sıcaklığının arttırılması 
gerektiğini ve bu ipliklerde fikse süresinin arttırılmasının anlamlı bir etki yaratmadığını 
vurgulamışlardır. %100 viskon iplik numunelerinde ise, sadece yüksek büküm katsayısı 
uygulanması durumunda, fikse işleminin uygulanması gerektiğini ve fikse sıcaklığının 70°C’yi 
aşmaması gerektiğini bildirmişlerdir. İlaveten, viskon iplik numunelerinde fikse süresinin 
artmasının iplik mukavemetini arttırıcı bir etkisi olmadığını belirtmişlerdir. Şardağ ve Özdemir 
[4], bir diğer çalışmalarında, %100 poliester ipliklerde fikse işleminin iplik kalite parametreleri, 
iplik mukavemeti ve büküm canlılığı üzerine etkilerini incelemişlerdir. Bu amaçla, farklı büküm 
katsayısı ve iplik numaralarında ürettikleri poliester iplik numunelerine, farklı sıcaklık ve sürelerde 
fikse işlemi uygulamışlardır. Çalışma sonucunda stapel poliester ipliklerde, iplik inceldikçe fikse 
işleminin mukavemete olumlu etkisi olduğunu, kalın ipliklerde ise olumsuz etki gördüklerini 
belirtmişlerdir. Fikse işlem sıcaklığının iplik kopma mukavemeti üzerinde anlamlı bir etkisi 
olmazken, fikse süresinin artmasıyla kopma işinin arttığını bildirmiş ve bu sonucun örme ve 
dokuma işlemleri için bir avantaj sunacağını vurgulamışlardır. Nabi vd. [5], farklı bölgelerden 
alınan Özbekistan pamuğundan, Ne 30/1 iplik numarasında üretilmiş pamuk ipliklerinin tüylülük, 
kopma mukavemeti ve kopma uzaması özelliklerine fikse işleminin etkilerini incelemişlerdir. 
Çalışma sonucunda fikse işleminin ipliklerin nem miktarını %7’den yaklaşık %12’ye çıkardığını, 
tüylülük değerlerinin az seviyede azaldığını, kopma mukavemeti ve uzaması değerlerinin ise 
düşük seviyede iyileştiğini belirtmişlerdir. Çeven ve Özdemir [6],  akrilik ve viskon şönil ipliklere, 
farklı sıcaklık ve sürelerde uygulanan fikse işleminin iplik kopma mukavemeti ve uzamasına 
etkilerini incelemişlerdir. İlaveten bu ipliklerin atkı yönünde kullanıldığı dokuma kumaş 
numuneleri üretmişler ve bu kumaşların aşınma dayanımını incelemişlerdir. Çalışma sonucunda, 
fikse işleminin ipliklerde kopma mukavemeti ve uzamasını arttırıcı bir etkisi olduğunu 
bildirmişlerdir. Şönil ipliklerde fikse işlemiyle bükümün iyi seviyede sabitlenmesinin sağlandığını 
ve bu durumun iplik yapısındaki hav liflerinin yapıda tutunmasını sağladığını ve bu şekilde 
kumaşların aşınma dayanımının iyileştiğini belirtmişlerdir. 
 
Literatürdeki çalışmalar değerlendirildiğinde fikse (vakumlu buharlama) işleminin iplik 
bükümünün sabitlenmesi ve bu şekilde büküm canlılığının azaltılması, tüylülüğün azaltılması, 
kopma mukavemetinin ve uzamasının iyileştirilmesi üzerine kayda değer etkiler sağladığı 
görülmektedir. Yapılan çalışmaların bir çoğunun, büküm açılması probleminin daha çok yaşandığı 
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ring iplik eğirme sisteminde üretilen iplikler üzerine yoğunlaştığı ve az sayıda çalışmada farklı 
eğirme sistemleri üzerinde durulduğu görülmektedir. İlaveten fikse işleminin son ürün olan boyalı 
veya bitmiş haldeki kumaştaki etkilerinin incelendiği çalışmaların oldukça az sayıda olduğu 
görülmektedir. Bu çalışma kapsamında literatürdeki çalışmalardan farklı olarak, tekstil 
endüstrisinde en çok kullanılan pamuk-viskon lif karışımından, günümüzde hızla yaygınlaşan 
Vorteks eğirme sistemiyle iplik numuneleri üretilmiş ve üretilen bu numunelere uygulanan fikse 
işleminin son ürün olan boyalı örme kumaş performansına etkileri araştırılmıştır. 
 
2. Materyal ve Metot  
Bu çalışmada, %60-40 pamuk-viskon ve %50-50 pamuk-viskon karışımlarından, vorteks iplik 
eğirme teknolojisi ile üretilen ipliklerin fikse işlemi sonrasındaki iplik mukavemeti ve uzaması 
özellikleri incelenmiştir. İlaveten, fikseli ve fiksesiz ipliklerden üretilerek boyanan örme 
kumaşların performans özellikleri karşılaştırılmıştır. Çalışmada kullanılan viskon ve pamuk lif 
özellikleri sırasıyla, Tablo 1 ve Tablo 2'de verilmiştir. 
 

Tablo 1. Çalışmada kullanılan viskon lifinin özellikleri 
Lif inceliği, denier 1,14 
Lif uzunluğu, mm 37,5 
Lif mukavemeti, g/d 2,91 

 
Tablo 2. Çalışmada kullanılan pamuk lifinin özellikleri 

Lif inceliği, mic. 4,01 
Lif uzunluğu, mm 31,57 

Lif mukavemeti, g/tex 31,8 
 
Bu çalışmada Ne 28/1 ve Ne 30/1 iplik numaralarında %60-40 pamuk-viskon ve %50-50 pamuk-
viskon karışım oranlarında vorteks eğirme sistemiyle üretilmiştir. İpliklerin düzgünsüzlük, ince 
yer, kalın yer, neps, tüylülük gibi kalite parametreleri USTER Tester ile 5 bobinden numune 
alınarak test edilmiş ve Tablo 3’te verilmiştir. Üretilen ipliklere 58°C’de 55 dakika fikse işlemi 
uygulanmıştır. Daha sonra, elde edilen fikseli ve fiksesiz iplik numunelerinin mukavemet ve 
kopma uzaması özellikleri USTER Tensojet ile test edilmiş ve Tablo 4’te verilmiştir.  
 

Tablo 3. İplik kalite parametreleri 
 U% CVm 

% 
İnce          -
50%  /km 

Kalın 
+50%  /km 

Neps 
+280% km 

H 

Ne 28/1 %50-50 pam-vis 10,05 12,66 3,5 20,5 3,5 3,55 
Ne 28/1 %60-40 pam-vis 10,32 13,06 3,5 27,5 3,0 3,41 
Ne 30/1 %60-40 pam-vis 11,07 13,98 16,0 49,6 7,0 3,37 

 
Tablo 4. Fikseli ve fiksesiz ipliklerin mukavemet ve uzama değerleri 

 Mukavemet, cN/tex Uzama, % 

Fiksesiz 
Ne 28/1 %50-50 pam-vis 13,44 6,17 
Ne 28/1 %60-40 pam-vis 13,03 5,90 
Ne 30/1 %60-40 pam-vis 12,99 5,54 

Fikseli 
Ne 28/1 %50-50 pam-vis 13,01 6,70 
Ne 28/1 %60-40 pam-vis 13,20 5,99 
Ne 30/1 %60-40 pam-vis 12,81 6,25 
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Fikseli ve fiksesiz olarak elde edilen ipliklerden daha sonra, 32 pus ve 28 fein süprem yuvarlak 
örme makinesi ile örme kumaş numuneleri üretilmiştir. Daha sonra elde edilen kumaş 
numunelerine, Şekil 1’de verilen işlem aşamalarına uygun olarak, ağartma, boyama ve yıkama 
uygulanmıştır.   
 

 
Şekil 1. Numunelere uygulanan ağartma, boyama ve yıkama işlemleri 

 
Test ve ölçümlerden önce tüm kumaş numuneleri TS EN ISO 139’a [7] göre şartlandırılmıştır. 
Testler, 20±2 ̊C sıcaklık ve %65±4 bağıl nem standart atmosferinde gerçekleştirilmiştir. Kumaş 
yapısal parametreleri olarak; kumaş gramajı, ilmek yoğunluğu ve ilmek uzunluğu özellikleri 
sırasıyla TS EN 12127 [8], TS EN 14971 [9] ve TS EN 14970 [10] standartlarına göre belirlenmiş 
ve Tablo 5’te verilmiştir. 
 

Tablo 5. Üretilen kumaş numunelerinin yapısal parametreleri 

Numune 
Kumaş 
gramajı 
(g/m2) 

Çubuk sayısı 
(adet/cm) 

İlmek sayısı 
(adet/cm) 

İlmek iplik 
uzunluğu 
LFA(cm) 

Fi
ks

es
iz

 Ne 28/1 %50-50 pam-vis 169 14 21 0,29 
Ne 28/1 %60-40 pam-vis 168 14 22 0,29 
Ne 30/1 %60-40 pam-vis 162 14 23 0,28 

Fi
ks

el
i  Ne 28/1 %50-50 pam-vis 170 13 22 0,29 

Ne 28/1 %60-40 pam-vis 160 14 19 0,29 
Ne 30/1 %60-40 pam-vis 160 14 23 0,28 

 
Elde edilen kumaşların ev tipi yıkama sonrası boyutsal dayanım performansı TS EN ISO 6330 
[11] standardına göre ve çarpılma performansı AATCC 179 [12] standardına göre belirlenmiştir. 
Ayrıca numunelerin patlama mukavemeti ve boncuklanma direnci sırasıyla TS EN ISO 13938-2 
[13] ve TS EN ISO 12945-2 [14] standartlarına göre test edilmiştir. 
 
 
 

153







Numunelere uygulanan haslık testleri incelendiğinde, numunelere bilinen ve sıklıkla kullanılan 
haslık testlerinin tamamının yapıldığı görülmektedir. Haslık test sonuçları incelendiğinde, 
numunelerin yaş sürtme haslığı testi dışında herhangi bir farklılık göstermediği görülmektedir. Yaş 
sürtme haslığı testlerinde ise görülen değişimin çok az bir farklılık olmasının yanı sıra fikse işlemi 
açısından tutarlı bir etkinin olmadığı saptanmıştır. Diğer bir ifadeyle, fikse işleminin üretilen 
kumaşların renk haslığı değerleri açısından bir iyileştirme etkisi görülmemiştir.     
  
4. Değerlendirme 
Bu çalışmada, Vorteks eğirme sisteminde üretilen ipliklere uygulanan fikse işleminin iplik 
mukavemeti, iplik kopma uzaması ve örme kumaş performans parametrelerine etkilerinin 
araştırılması amaçlanmıştır. Çalışma sonucunda uygulanan fikse işleminin iplik mukavemeti 
üzerinde önemli bir değişikliğe sebep olmadığı ancak fikse işlemi uygulanan ipliklerin kopma 
uzamasında ise az miktarda artış olduğu görülmüştür. Kumaş performans özellikleri açısından; 
fikse işleminin patlama mukavemetinde bazı numunelerde önemsiz miktarda artışa sebep olduğu 
tespit edilmiştir. Ev tipi yıkama sonrası boyutsal dayanım ve dönme, boncuklanma dayanımı, renk 
haslığı değerlerinde fikse işleminden kaynaklanan bir etki görülmemiştir. Elde edilen sonuçlar, 
fikse işleminin Vorteks eğirme sisteminde üretilen pamuk-viskon karışımlı iplikler için, örme 
kumaş performansında bir iyileşmeye neden olmadığını göstermektedir. Çalışma kapsamında 
kullanılan Vorteks iplik eğirme teknolojisinin büküm yapısı düşünüldüğünde, büküm açılması 
eğiliminin Ring iplik eğirme teknolojisi ile üretilenlere nazaran düşük olabileceği bilinmektedir. 
Ancak elde edilen sonuçlara rağmen, fikse işleminin örme kumaş üretimi esnasında sağladığı 
faydalar unutulmamalıdır. Fikse işlemi, ipliğin bükümünü sabitleyerek bobin üzerindeki ipliğin 
kolay sağılmasını ve örgü makinesine daha düzgün bir akışla beslenmesi sağlar ve daha efektif bir 
kumaş üretimi sağlamaktadır. İlaveten, fikse işlemi örme kumaş üretiminde ipliğin kendi üzerinde 
kıvrılmasını engelleyerek, hatalı kumaş üretiminin engellenmesine de yardımcı olur.  
Kullanılan lif karışımındaki pamuk ve viskon lif tiplerinin, polimer yapısındaki amorf/kristalin 
bölge oranı farklılığına bağlı olarak, nem miktarının artması sonrasındaki mukavemet durumları 
düşünüldüğünde, fikse işlem parametrelerinin bu harman özelinde çok hassas bir şekilde 
ayarlanarak optimize edilmesi gerektiği düşünülmektedir. Bu bağlamda, sonraki çalışmalarda, 
farklı sıcaklık ve süre şartlarında uygulanan fikse işlemlerinin pamuk-viskon karışımlı ipliklerde 
ipliğin nem miktarındaki değişime etkisi detaylı bir şekilde araştırılarak, iplik ve kumaş 
performansına etkilerinin incelenmesi faydalı olacaktır.   
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Abstract 
 

Reinforced concrete is considered as the most widely used material for various types of 
constructions worldwide, it has many advantages including high strength, ability to cast in place, 
durability and many other advantages, But too many RC constructions reached its life time and 
many others damaged by different natural disasters ,led to the need of strengthening of these 
buildings, this paper studies retrofitting of RC members using near surface mounting technique 
(NSM) with FRP bars, describing materials ,the whole procedure, the failure modes that 
accompanies   this method of retrofitting and In particular, the factors affecting the strength of the 
retrofitted element. 
 
Keyword: NSM, FRP, Shear, Rehabilitation, Retrofitting. 
 
1. Introduction  
Strengthening may be achieved by retrofitting of RC elements using different methods and 
techniques giving the ability to extend the life time of old buildings or to upgrade the design loads 
of structures need to be used for different usage to a higher values , many techniques were adopted 
for this purpose and varied during time according to the technologies and materials manufacturing 
within each period, example of these materials is “Steel” since it’s already one of the components 
of RC, many methods were developed for using steel in retrofitting of RC elements, Later new 
materials with higher properties arised ,”FRP” is an example of these new materials and the 
assessment of these materials is considered as one of the important  subjects of new researches, 
the decision of  retrofitting a structure and selecting the best technology is mainly affected by the 
economic feasibility since that the replacement of a structure is in some cases more feasible than 
strengthening it if no economical option is available. 
 
Most of retrofitting methods can be classified under one of two classifications : Externally bonded 
retrofitting (EBR) and Near surface mounted (NSM), different materials can be used for each one 
of these types, some of these materials were tested and came in to service and some are still under 
studying and testing by researchers worldwide, (Steel plates, Steel bars, Fiber reinforced mat, 
Mesh-Epoxy, FRP) are example of these materials that can be used for EBR or NSM or for both 
techniques [1], FRP is found to be as one of the most effective material for retrofitting which firstly 
used with EBR technique for column and beam jacketing, but since that full jacketing of already 
built elements cannot be achieved to provide full bond between FRP and the retrofitted element a 
new method for attaching FRP was invented, this method (NSM) will be explained in detail in the 
next section. 
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2. Materials and Methods 
2.1 Near surface mounting technology 
NSM can be defined as the application of reinforcement within the surface area of the strengthened 
element, this installation requires opening grooves in different shapes, adding adhesive of a special 
type to insure bonding between concrete and reinforcement, Early use of NSM technology was in 
Europe in 1948, a bridge in Sweden was to be upgraded in its negative moment region due to 
settlement, grooves were made in concrete surface then steel bars inserted, cement mortar was 
injected to fill the grooves and achieve bonding between steel bars and concrete, later, steel was 
replaced by FRP since that the latest is resistant to corrosion and has higher yielding strength in a 
great difference. 
 
NSM technique has many advantages over other techniques, better strain distribution achieving 
improved efficacy, better resistance to environmental effects due to embedment of reinforcement 
bars or strips in to concrete cover, increased anchorage capacity caused by larger bond surface 
resulting in better resistance against peeling-off, also less time consuming since it needs no 
preparation work other than grooving, Experiments showed also improved ductility [2]. 
 
2.1.1 Procedure for NSM 
The whole procedure can be described as follow, after specifying the targeted area the surface is 
cleaned and prepared, rectangular grooves is opened using cutter with saw blade in straight lines, 
air blower can be used to clean inside the grooves, then it’s half-filled with filler (adhesive 
material), bars then installed inside and adhesive material is filled so it surrounds the bar and fill 
the groove totally and then surfaced to the element’s surface level,(figure 1). 
 
The following section, the main three elements of NSM procedure (FRP reinforcement, groove 
and adhesive (epoxy or groove filler)) will be explained in detail. 
 

 
Figure 1. – Near surface mounting of reinforcing bars [3] 

 
2.1.1.1 FRP reinforcement 
It is a kind of composite material that is compound of Fiber Reinforced Polymers  that is 
manufactured  in many shapes like films, Strips and bars , it has a high stress capacity and linear 
elastic behavior, many types of FRP are available today, some are sensitive to moisture and some 

159



do not absorb water but all FRP types are high strength compared to many other materials, the 
sensitivity to moister and heat can be overcome by using the suitable filler surrounding the FRP 
when attached to grooves, another advantage is its light weight compared to its strength  , The 
strength and elasticity of FRP is affected by its shape, dimensions and chemical composition, it’s 
produced in many shapes: Sheets, fabrics, grids, ropes and bars, Mainly there are 3 common types 
of fibers: Carbon, Glass and Aramid, the main difference between the three types are stiffness and 
tensile stress, giving them different properties including price and usage purpose, as shown in 
figure(2) all types of fibers have greater strength than steel and have elastic behavior until failure 
[4] figure (2) Stress-strain diagram for different materials [4]. 
 

 
 

Figure 2. Stress-strain diagram for different materials [4] 
 
2.1.1.2. Groove (properties and preparation) 
The dimension, width to height ratio of the groove, distance between grooves and the distance 
between the groove and the edge of the element are of great effect on bond behavior between FRP 
and concrete. 
 
let k = 𝑏𝑏𝑔𝑔 /𝑑𝑑𝑏𝑏, Lorenzis et al.[5] suggested that for square grooves, k should be no less than 1.5 for 
smooth bars or 2 for deformed bars, Parretti and Nanni [6] suggested that minimum value of both 
𝑏𝑏𝑔𝑔 and ℎ𝑔𝑔 is 1.5𝑑𝑑𝑏𝑏  
 
For NSM strips, Blaschko [7] suggested that the dimension of the groove in each direction should 
be about 3 mm larger than the corresponding FRP strip to achieve an adhesive layer thickness of 
about 1–2 mm. in general studied showed that increasing the groove width can increase the bond 
strength in a small ratio if adhesive is used, some studies showed that using cement as groove filler 
can decrease the bond strength if groove width is increased [2]. The surface of the bars is the first 
surface responsible to transfer the stresses between bars and adhesive, the second surface is the 
groove surface that is responsible to transfer the stresses between adhesive and concrete, for this 
reason the groove surface preparation is of great important to insure maximum stress transfer, 
grooves are usually created by cutting two adjacent saw cuts using saw blades then the concrete 
between the two cuts can removed by a hummer leading to form a groove with two smooth sides 
and a rough bottom, these surfaces should be cleaned carefully using compressed air to insure 
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removing all the dust formed during grooving, this dust can form a separation layer between 
concrete and the adhesive causing the bars to slip, roughness of the surface is important too, studies 
showed that smoothing the surfaces can reduce the bond slip strength between concrete and 
adhesive [8]. 
 
2.1.1.3 Groove filler 
Groove filler, adhesive or matrix are all refer to the substance used to fill the groove and surround 
the strengthening bars attached in NSM technology, filler has a great effect to the final strength of 
the strengthened element since it has the roll of transferring stress between reinforcing bars and 
concrete, filler also has a great importance of protecting the reinforcing bars since it surrounds the 
bars from all sides providing a kind of isolation against heat and moisture, it is well known that 
failure always occurs in the weakest point exposed to stress and filler should be studied well since 
it is a part of the stress chain.  
 
Cement mortar was the first to use while strengthening the bridge in Sweden in 1948, cement has 
a lower cost and higher heat resistance compared to other materials like epoxy but unfortunately 
it’s low tensile strength and durability make it unfavorable choice for filling groove in NSM, 
Täljsten et al. [9]Performed a study to investigate the effectiveness of cement paste as a groove 
filler in an attempt to lower the cost and to have better results with high temperatures summarizing 
that cement paste has some limitations regarding it’s tensile strength and durability to be used as 
groove filler, Soliman et al.[10] tested specimens with cement based filler and stated that the failure 
mode for these specimens is splitting of concrete-cement interface and showed failure load of 
about 40-56% of that filled with epoxy adhesive. 
 
Vinyl ester and Epoxy are the most common used adhesives, Epoxy is preferred over Vinyl ester 
but more costly [4], De Lorenzis and Teng [11] suggested that the best performing adhesive is the 
two component epoxy with the option of using the low viscosity epoxy for negative moment 
regions since it can be poured easily and the high viscosity one for the positive moment region to 
avoid dripping. 
 
The modulus of Elasticity of the Epoxy is of great effect on bond and slip behavior of the 
strengthened element, tests performed by Rizzo and De Lorenzis [12]  showed that using an Epoxy 
with higher strength and stiffness causes lower FRP contribution to the shear capacity of the 
strengthened element, since that lower stiffness leads to a better stress distribution to the bond slip 
area between FRP bars and concrete. 
 
Unlike concrete, epoxy showed a good creep behavior [13] concluded that instantaneous and time 
dependent properties of the tested adhesive can be observed as roughly constant (under constant 
temperature and humidity) if the applied stress levels are under 50% of the material’s tensile 
strength. 
 
A reduction in mechanical properties of Epoxy was observed in moist environments, Fernandes et 
al.[14] conducted environmental test to a number of specimens and observed  the reduction in 
mechanical properties for specimens exposed to water, this reduction was due to water absorption 
of epoxy which causes  plasticization leading to volume increase resulting to mechanical properties 
reduction, On the other hand a significant increase in mechanical properties was noted when the 
specimens exposed to cyclic temperature (from -15 to +60), the author indicated that the reason 
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for this increase is the post curing of epoxy achieved by the high temperature experienced after the 
initial temperature of first curing.      
Cement mortar and epoxy are an example of the most famous materials used as fillers, new 
materials are being tested and some new others are being invented representing an attempt to 
enhance the bond behavior of NSM reinforcing material (Steel, aluminum, FRP….) to the 
surrounding concrete. 
 
2.1.2. Failure modes of structural elements retrofitted with FRP using NSM: 
Many different failure modes were recorded during tests of structural elements retrofitted with 
near surface mounted FRP, there are many factors affecting the failure mode like (FRP ratio, 
concrete strength, epoxy type….), defining the factor controlling the failure mode of each case is 
still an interested subject for researchers, common modes of failure are listed below: 
 
Debonding Failure 
Debonding can occur between FRP and the adhesive Figure (3a) or between the adhesive and the 
concrete Figure (3b), the FRP-adhesive failure can happen as interfacial failure that usually occurs 
due to smooth face of bars with insufficient development length that in term causes weak 
mechanical interlocking between bars and adhesive resulting in bar slipping, this type of failure 
can be identified by the absence of epoxy residuals on FRP surface, another type of FRP-adhesive 
failure is the shear failure of the adhesive or epoxy material happens when the shear strength is 
exceeded, this type can be identified too by the presence of epoxy residuals on FRP surface or on 
concrete surface or on both surfaces [15]. 
 
Adhesive(epoxy)-concrete failure is another type of debonding failure, the first type of this failure 
is the epoxy-concrete interface interfacial failure, this failure type can be critical for pre-cast 
grooves due to the smoothness of their surfaces, or For spirally wound bars or ribbed bars with 
low rib protrusions [11], the other type of adhesive (epoxy)-concrete failure is the  cohesive shear 
failure in the concrete that usually happens with bending stresses within the strengthened region 
[11]. 
 

 
(a)      (b) 

   
Figure 3. (a) FRP-adhesive failure region.    (b) Adhesive-Concrete region. 
 
Epoxy cover splitting 
The radial component of the stresses causes this type of failure Figure (4), the surrounding concrete 
fails when it reaches maximum tensile strength due to these stresses applied by the epoxy cover, 
the mechanism of failure is similar to that one happens with steel bar internal reinforcement, but 
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the difference is that longitudinal steel bars benefit from the restraints of shear reinforcement 
which are not exist in case of NSM FRP retrofitting [11], there are two types of this failure, the 
first one happens when the splitting occurs only in epoxy cover and no visible cracks on concrete 
is exist, the second failure type happens with the presence of concrete cracks along the inclined 
planes of stresses, according to experiment’s observations the angle of these cracks is about 30. 
 
Edge splitting 
This type of failure occurs when the bars are attached in close distance to the edge of the retrofitted 
element, minimum distance shall be provided to avoid such type of failure[15]. 
 
FRP rupture 
This type of failure happens when FRP reaches its maximum tensile stress, it is usually occurring 
when FRP is prestressed [15].  
 

 
Figure 4. Epoxy cover splitting [15] 

 
2.1.3 NSM FRP strengthening application field: 
During the time, FRP near surface mounting technique has proved its effectiveness for 
strengthening in different structural elements like beams, columns, slabs and even masonry walls 
[16][17], the strengthening involved flexure, shear and fewer studies were performed to increase 
the torsional resistance using this technique [18], unfortunately the precise evaluation of the FRP 
contribution has not achieved yet due  to the many factors influencing this contribution, example 
of these factors will be discussed in the next section. 
 
2.1.3.1 Factors affecting NSM FRP shear strengthening: 
Figuring an equation describing FRP effect on shear strength of beams may pass through analytical 
derivation based on shear theories and bond equations or any other, these equations then compared 
to the results of experiments to check its reliability, another method is to obtain the equation from 
database of large number of experiments performed during the literature using regression-based 
models using statistic methods  or artificial intelligence software , [19][20][21] are example of 
these methods. 
 
H. Naderpour and S. A. Alavi [20] suggested the following factors affecting the contribution of 
FRP: ultimate tension strain of FRP, FRP effective depth, width of FRP, spacing steps of FRP 
strips, angle of inclination of FRP fibers, compressive strength of concrete, elastic modulus of 
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FRP, thickness of FRP layers, effective depth of the concrete beam and beam shear span length, 
the most affective parameter is the ultimate tension strain of FRP according to the study, 
H. Baghi and J. A. O. Barros [21] suggested a design procedure then a sensitivity analysis was 
performed to check the effect of 17 input parameter figure (5), the most effective parameters found 
to be: shear percentage of steel stirrups, longitudinal steel reinforcement ratio, the yield stress of 
steel stirrups, the concrete compressive strength, ultimate tensile strength of FRP, and shear 
percentage of FRP. 

 
 

Figure 5. input parameters sensitivity analysis [21] 
 

- Experiments showed the direct effect of some of these parameters: 
• angle of inclination of FRP fibers: results showed that 45𝜊𝜊 inclined bars are more effective 

than vertical ones [22][23][24][2][25][26]. 
• effective depth of the beam: the shear strength increases with the increase of beam depth 

[24]. 
• longitudinal steel reinforcement ratio: it was also found that shear strength increases with 

the increase of longitudinal steel ratio due to dowl action [24]. 
• compressive strength of concrete: effectiveness of FRP reinforcement increases with 

increase of Fc’[25][27][28]. 
• shear percentage of steel stirrups: although the total shear capacity is increased with the 

increase of shear steel stirrups, the effectiveness of FRP contribution is reduced. 
[25][27][28]. 

• spacing steps of FRP strips: increasing the spacing will decrease the ratio of FRP 
reinforcement which decreases the section shear strength capacity. 

• Until today the effect of parameters related to the FRP contribution is still investigated to 
reach the most accurate result. 
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3. Conclusions 
Near surface mounting FRP retrofitting is an effective method for strengthening structural 
elements including beams, columns, slabs and masonry and for both flexure and shear strength. 
Application of this method do not require qualified labor or even special tools which can be 
considered as an advantage, on the other hand the estimation of the FRP contribution using this 
method is still a challenging subject. 
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Abstract 
 
This work applies a bio-inspired searching algorithm of Seeker Optimization Algorithm (SOA) 
for designing broadband microwave tapered microstrip lines that maximally match real load 
impedance to a transmission line in a pre-described range of frequencies. SOA algorithm has been 
verified to be very effective in finding the solutions for such multi-objective functions. Herein the 
design process aims to select the values of the matching impedances between real load and 
transmission line among a continuous range of values under tapering constraints. The obtained 
results have been verified and the design parameters have been calculated using the PUFF 
microwave simulator. 

 
Keyword: Tapered Transmission line, matching, Optimization, Seeker Optimization Algorithm.  
 
 
1. Introduction  
Recently, near-optimal solutions for many complex engineering problems have been enabled using 
efficient computational algorithms. Hence, optimization techniques take their pivotal role in many 
raising electromagnetic problems. In particular, bioinspired search optimization algorithms have 
been successfully applied in constrained and unconstrained electromagnetic design problems, due 
to their ease of application, and robustness [1-7]. 
 
In this paper modified version from the SOA as we called cognitive Seeker Optimization 
Algorithm (CSOA) [8] has been used to find the design values of the tapered impedances among 
pre-defined continuous limited intervals. Under the constraint of the decreasing order from the 
load to the transmission line. 
 
This paper is organized as follows: In section II we describe the CSOA algorithm and also present 
brief advantages over the other evolutionary-based algorithms when applied to various benchmark 
functions. In section III we formulate the design problem and the design constraints. In section IV 
optimization results have been presented and verified by the PUFF simulator, and finally, in 
section V, we conclude the work. 
 
2. Materials and Methods 
Optimization is the process of making something better [15]. In engineering, optimization consists 
of trying variations of parameters and using information gained in different iterations to get the 
best results, those best results (solution) are relative to the problem in hand, the solving method, 
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and the tolerance allowed. Search algorithms, and specifically bio-inspired search algorithms [16] 
seem to be superior in solving hard and complex optimization problems, particularly where the 
mathematical approaches stop and fail. Bio-inspired search algorithms imitate the nature 
strategies. The two most predominant and successful classes in bio-inspired search algorithms are 
the Evolutionary Algorithms (EA) and Swarm Intelligence (SI) based algorithms, which are 
inspired by the natural evolution and collective behavior in animals, respectively. In this work, 
we will compare the result of the SOA with a member from each class, Genetic Algorithm 
(GA)[17] which is one of the most successfully applied EAs, and the particle swarm optimization 
algorithm (PSO)[18] as an SI algorithm. 
 
Seeker Optimization Algorithm (SOA), originally proposed by Dai et al. in 2006 [14] is a new 
promising technique for the real parameter optimization. SOA is based mainly on the concept of 
simulating the act of humans intelligent searching with their memory, experience, and uncertainty 
reasoning. SOA divides the set of solutions (search populations) randomly into K subpopulations 
with the same size; the individual of this population is called seeker or searcher, where all seekers 
in the same subpopulation constitute a neighborhood socially sharing the search information. After 
given start point, search direction, search radius (step length), and trust degree, every seeker moves 
to a new position (next solution) based on his social learning, cognitive learning, and uncertainty 
reasoning. SOA operates on a search population of s D-dimensional position vectors [19], which 
represent the solutions to the optimization problem at hand, i.e., 𝑥𝑥𝚤𝚤���⃗  =  �𝑥𝑥𝑖𝑖1, … , 𝑥𝑥𝑖𝑖𝑖𝑖 , … , 𝑥𝑥𝑖𝑖𝑖𝑖�;  𝑖𝑖 =
1, 2, … , 𝑠𝑠 where 𝑥𝑥𝑖𝑖𝑖𝑖 is the 𝑗𝑗𝑡𝑡ℎ element of �⃗�𝑥 𝑖𝑖  and s is the population size. The flow chart of the 
seeker optimization is shown in Figure 1. Firstly, it generates s positions uniformly and randomly 
in the search space, and calculates the fitness of each seeker, then calculates the search direction 
𝑑𝑑𝑖𝑖𝑗𝑗(𝑡𝑡) and the step length 𝛼𝛼𝑖𝑖𝑖𝑖(𝑡𝑡), for the 𝑖𝑖𝑡𝑡ℎ seeker at time step t. Then the 𝑗𝑗𝑡𝑡ℎ element of the 𝑖𝑖𝑡𝑡ℎ 
seeker is updated by [19]: 
 

𝑥𝑥𝑖𝑖𝑖𝑖(𝑡𝑡 + 1) = 𝑥𝑥𝑖𝑖𝑖𝑖(𝑡𝑡) +  𝛼𝛼𝑖𝑖𝑖𝑖(𝑡𝑡)𝑑𝑑𝑖𝑖𝑖𝑖(𝑡𝑡)                 (1) 
 
To avoid converging to a local minimum, SOA uses an intersubpopulation strategy, i.e., the worst 
k-1 positions of each subpopulation are combined with the best position of each other k-1 
subpopulations by the following crossover operator: 
 

𝑥𝑥𝑘𝑘𝑛𝑛𝑖𝑖,𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑡𝑡 = �
𝑥𝑥𝑙𝑙𝑖𝑖,𝑏𝑏𝑏𝑏𝑤𝑤𝑡𝑡         𝑖𝑖𝑖𝑖 𝑅𝑅𝑖𝑖 ≤ 0.5
𝑥𝑥𝑘𝑘𝑛𝑛𝑖𝑖,𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑡𝑡                 𝑒𝑒𝑒𝑒𝑠𝑠𝑒𝑒

                   (2) 

 
Where 𝑅𝑅𝑖𝑖 is a uniformly random real number in the interval [0,1], 𝑥𝑥𝑘𝑘𝑛𝑛𝑖𝑖,𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑡𝑡 is the 𝑗𝑗𝑡𝑡ℎ element 

of the 𝑛𝑛𝑡𝑡ℎ worst position in the 𝑘𝑘𝑡𝑡ℎ subpopulation, 𝑥𝑥𝑙𝑙𝑖𝑖,𝑏𝑏𝑏𝑏𝑤𝑤𝑡𝑡 is the 𝑗𝑗𝑡𝑡ℎ  element of the best position 
in the 𝑒𝑒𝑡𝑡ℎ subpopulation. 
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Fig. 1. SOA flow chart. 

 
 

A.  Search Direction 
When the fitness function can't be differentiated, a so called empirical gradient can be used [20], 
by evaluating the response to increments and decrements in each direction. In this way, the seekers 
will lead their search. Search direction can be determined by the signum function of a better 
position minus a worse position, keeping in hand that the seekers must take into consideration their 
own current or historical positions and their neighbors’ positions to determine their search 
direction. So, SOA models three different behaviors to determine search direction: egotistic, 
altruistic and proactive. 
 
Egotistic, is an entirely proself behavior, in which each seeker i, as a single sophisticated agent, 
trying to direct toward his historical best position �⃗�𝑝𝑖𝑖,𝑏𝑏𝑏𝑏𝑤𝑤𝑡𝑡(𝑡𝑡) through cognitive learning [21]. Then, 
an empirical gradient from �⃗�𝑥𝑖𝑖(𝑡𝑡)  to �⃗�𝑝𝑖𝑖,𝑏𝑏𝑏𝑏𝑤𝑤𝑡𝑡(𝑡𝑡)  can be adopted for the 𝑖𝑖𝑡𝑡ℎ seeker at time t, and thus 
each seeker i has an egotistic direction  𝑑𝑑𝑖𝑖,𝑏𝑏𝑒𝑒𝑤𝑤(𝑡𝑡) = [𝑑𝑑𝑖𝑖1,𝑏𝑏𝑒𝑒𝑤𝑤 ,𝑑𝑑𝑖𝑖2,𝑏𝑏𝑒𝑒𝑤𝑤 , … ,𝑑𝑑𝑖𝑖𝑖𝑖,𝑏𝑏𝑒𝑒𝑤𝑤] calculated as: 
 

𝑑𝑑𝑖𝑖,𝑏𝑏𝑒𝑒𝑤𝑤(𝑡𝑡) = 𝑠𝑠𝑠𝑠𝑛𝑛(�⃗�𝑝𝑖𝑖,𝑏𝑏𝑏𝑏𝑤𝑤𝑡𝑡(𝑡𝑡) − �⃗�𝑥𝑖𝑖(𝑡𝑡))              (3) 
 

On the other hand, based on their altruistic behavior, the neighboring seekers communicate with 
each other to adjust their behavior to achieve their goal, the neighbors' historical best position 
�⃗�𝑠𝑏𝑏𝑏𝑏𝑤𝑤𝑡𝑡(𝑡𝑡) and the neighbors' current best position 𝑒𝑒𝑏𝑏𝑏𝑏𝑤𝑤𝑡𝑡(𝑡𝑡) are used as the attraction signal source 
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of the self-organized aggregation behavior. Thus, each seeker i is associated with two altruistic 
directions, i.e.,  𝑑𝑑𝑖𝑖,𝑎𝑎𝑙𝑙𝑡𝑡1(𝑡𝑡) ,  𝑑𝑑𝑖𝑖,𝑎𝑎𝑙𝑙𝑡𝑡2(𝑡𝑡) 
 

𝑑𝑑𝑖𝑖,𝑎𝑎𝑙𝑙𝑡𝑡1(𝑡𝑡) = 𝑠𝑠𝑠𝑠𝑛𝑛(�⃗�𝑠𝑏𝑏𝑏𝑏𝑤𝑤𝑡𝑡(𝑡𝑡) − �⃗�𝑥𝑖𝑖(𝑡𝑡))             (4) 
𝑑𝑑𝑖𝑖,𝑎𝑎𝑙𝑙𝑡𝑡2(𝑡𝑡) = 𝑠𝑠𝑠𝑠𝑛𝑛(𝑒𝑒𝑏𝑏𝑏𝑏𝑤𝑤𝑡𝑡(𝑡𝑡) − �⃗�𝑥𝑖𝑖(𝑡𝑡))                  (5) 

 
Moreover, seekers exploit the properties of pro-activeness; they are able to exhibit a goal-directed 
behavior [22]. Also, future behavior can be predicted and guided by past behavior [23]. As a result, 
each seeker will be proactive to vary his search direction and exhibit a goal-directed behavior 
according to his past behavior. Hence, any seeker i is associated with an empirical direction called 
proactiveness direction 𝑑𝑑𝑖𝑖,𝑝𝑝𝑤𝑤𝑤𝑤(𝑡𝑡): 

 
𝑑𝑑𝑖𝑖,𝑝𝑝𝑤𝑤𝑤𝑤(𝑡𝑡) = 𝑠𝑠𝑠𝑠𝑛𝑛(�⃗�𝑥𝑖𝑖(𝑡𝑡1)  −  �⃗�𝑥𝑖𝑖(𝑡𝑡2))               (6)      

       
Where 𝑡𝑡1, 𝑡𝑡2  ∈ 𝑡𝑡, 𝑡𝑡 − 1, 𝑡𝑡 − 2 and �⃗�𝑥𝑖𝑖(𝑡𝑡1) is better than �⃗�𝑥𝑖𝑖(𝑡𝑡2). According to human rational 
judgment, the actual search direction of the 𝑖𝑖𝑡𝑡ℎ seeker, i.e., 𝑑𝑑𝑖𝑖(t) = [𝑑𝑑𝑖𝑖1 , 𝑑𝑑𝑖𝑖2, … , 𝑑𝑑𝑖𝑖𝑖𝑖] is based on 
a compromise among the aforementioned four empirical directions. In this work, the 𝑗𝑗𝑡𝑡ℎ  element 
of 𝑑𝑑𝑖𝑖(𝑡𝑡) is selected by applying the following selection rule: 
 

𝑑𝑑𝑖𝑖𝑖𝑖(𝑡𝑡) =

⎩
⎪
⎨

⎪
⎧ 0                                    𝑖𝑖𝑖𝑖  𝑟𝑟𝑖𝑖 ≤ 𝑝𝑝𝑖𝑖

(0)

+1        𝑖𝑖𝑖𝑖 𝑝𝑝𝑖𝑖
(0) < 𝑟𝑟𝑖𝑖  ≤ 𝑝𝑝𝑖𝑖

(0) + 𝑝𝑝𝑖𝑖
(1)

−1           𝑖𝑖𝑖𝑖 𝑝𝑝𝑖𝑖
(0) + 𝑝𝑝𝑖𝑖

(1) < 𝑟𝑟𝑖𝑖  ≤    1

             (7) 

 
𝑝𝑝𝑖𝑖𝑚𝑚,𝑚𝑚 ∈ (0,1,−1) is defined in the set (𝑑𝑑𝑖𝑖𝑖𝑖,𝑏𝑏𝑒𝑒𝑤𝑤,𝑑𝑑𝑖𝑖𝑖𝑖,𝑎𝑎𝑙𝑙𝑡𝑡1,𝑑𝑑𝑖𝑖𝑖𝑖,𝑎𝑎𝑙𝑙𝑡𝑡2,𝑑𝑑𝑖𝑖𝑖𝑖,𝑝𝑝𝑤𝑤𝑤𝑤) let 𝑛𝑛𝑛𝑛𝑚𝑚(𝑚𝑚) is the 
number of "𝑚𝑚" then 𝑝𝑝𝑖𝑖

(𝑚𝑚)/4. 
 

B.  Step Length 
Among the continuous space, there are often fitness points that are closer to the extremum point, 
such that the fitness values of the input variables are proportional to their distances from the 
extremum point, so the search must be intensified in regions with relatively good solutions [24]. 
Hence, from the standpoint of human searching, it could be believed that one may find near-
optimal solutions in a narrower neighborhood of the point with lower fitness value and vice versa, 
less chance to find the optimum in a wider range far away from the points with higher fitness 
values. Fuzzy systems arose from the need to describe real complex systems by linguistic terms 
[25]. According to human focusing search aforementioned, the uncertainty reasoning of human 
searching can be described by natural linguistic variables and a simple control rule as "If fitness 
value is small" (i.e., the conditional part), then "step length is short" (i.e., the action part). The 
linguistic description of human search makes the fuzzy system a good candidate for simulating 
human focusing search behavior. 
 
Optimization problems often have different ranges of fitness values. To design a fuzzy system that 
can be applicable to a wide range of optimization problems, the fitness values of all the seekers 
are firstly sorted in descending order and then turned into the sequence numbers from 1 to s as 
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inputs to a fuzzy reasoning system. A linear membership function is then used in the conditional 
part. The expression is presented as 

𝜇𝜇𝑖𝑖 =  𝜇𝜇𝑚𝑚𝑎𝑎𝑚𝑚 −  𝑤𝑤−𝐼𝐼𝑖𝑖
𝑤𝑤−1

 (𝜇𝜇𝑚𝑚𝑎𝑎𝑚𝑚 − 𝜇𝜇𝑚𝑚𝑖𝑖𝑚𝑚)          (8) 
 

Where 𝐼𝐼𝑖𝑖 is the sequence number of �⃗�𝑥𝑖𝑖(𝑡𝑡) after sorting the fitness values and 𝜇𝜇𝑚𝑚𝑎𝑎𝑚𝑚 is the maximum 
membership degree value that is equal to or little less than 1.0, in this work, 𝜇𝜇𝑚𝑚𝑎𝑎𝑚𝑚 = 0.95. In the 
action part, the Bell membership function 𝜇𝜇𝛼𝛼𝑖𝑖𝑖𝑖

2 /2𝛿𝛿𝑖𝑖
2
, (𝑖𝑖 = 1, … . , 𝑠𝑠; 𝑗𝑗 = 1, … . ,𝐷𝐷) is used for the 

𝑗𝑗𝑡𝑡ℎ element of the 𝑖𝑖𝑡𝑡ℎ seekers step length. For the Bell function, the membership degree values of 
the input variables beyond [−3𝛿𝛿, 3𝛿𝛿] are less than 0.0111[26]. Thus the minimum value 𝜇𝜇𝑚𝑚𝑖𝑖𝑚𝑚 =
0.0111 is often used. Moreover the parameter 𝛿𝛿𝑖𝑖 of the Bell membership function is the 𝑗𝑗𝑡𝑡ℎ 
element of the vector [𝛿𝛿1, 𝛿𝛿2, … , 𝛿𝛿𝑖𝑖], which is given by  
 

𝛿𝛿𝑖𝑖 = 𝜔𝜔 . 𝑎𝑎𝑎𝑎𝑠𝑠(�⃗�𝑥𝑏𝑏𝑏𝑏𝑤𝑤𝑡𝑡 −  �⃗�𝑥𝑤𝑤𝑎𝑎𝑚𝑚𝑟𝑟)            (9) 
 
Where abs() returns a vector in which each element is the absolute value of the corresponding 
element in the input vector. The parameter 𝜔𝜔 is used to decrease the step length with increasing 
time step such that it gradually improves the search precision. In this work, 𝜔𝜔 is linearly decreased 
from 0.9 to 0.1 during the run time. �⃗�𝑥𝑏𝑏𝑏𝑏𝑤𝑤𝑡𝑡, �⃗�𝑥𝑤𝑤𝑎𝑎𝑚𝑚𝑟𝑟 are the best seeker and a randomly selected seeker 
in the same subpopulation to which the 𝑖𝑖𝑡𝑡ℎ seeker belongs (must differ from 𝑥𝑥��⃗ 𝑏𝑏𝑏𝑏𝑤𝑤𝑡𝑡,), respectively. 
Then, the action part of the fuzzy reasoning system gives the 𝑗𝑗𝑡𝑡ℎ element of the 𝑖𝑖𝑡𝑡ℎ seeker's step 
length 

𝛼𝛼𝑖𝑖𝑖𝑖 =  𝛿𝛿𝑖𝑖  �− log(𝑅𝑅𝑅𝑅𝑅𝑅𝐷𝐷(𝜇𝜇𝑖𝑖 − 1))          (10)  
 

Where 𝛿𝛿𝑖𝑖 is the 𝑗𝑗𝑡𝑡ℎ element of vector 𝛿𝛿 in equation 9, RAND (𝜇𝜇𝑖𝑖, 1) returns a uniform random 
number within the range of [𝜇𝜇𝑖𝑖,1], which is used to improve local search capability. 
 
3. PROBLEM FORMULATION AND DESIGN CONSTRAINTS 
Matching circuits have been considered as an essential parts in microwave systems design. 
Basically impedance matching circuits are lossless circuit placed between a load impedance and 
a transmission line (Fig. 2) to avoid the unnecessary transmission losses when the load is 
mismatched from the line as well as to protect the generator from the effects caused by the 
reflected waves at the load and in some applications (such as antenna arrays) it is used to reduce 
amplitude and phase errors. Matching network is usually designed so that the impedance seen 
looking into the matching network is Z0 then the reflection will be eliminated on the transmission 
line to the left of the matching network. [17]. Matching Networks can be categorized into four 
main design shapes; Lumped elements, shunt stubs, series transmission lines and coupled 
transmission lines.  
 
According to many different considerations different matching methods can be applied, the most 
important factors in selecting particular matching are the complexity, bandwidth, implementation 
and adjustability. Regarding the Bandwidth aspects; impedance matching network can be designed 
to be effective for specific frequency of operation (narrowband) or for a given frequency spectrum 
(broadband) [18]. In this work we will use the multi-section technique in tapered manner for 
enhancing the bandwidth of the quarter wave transformer. So that it can be considered as simplified 
combination between the multi-section and the tapered design. Bandwidth enhancement for the 
matching circuit has been considered in the literature using graphical techniques [19-21] or by 
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ÖZET 
 

Asenkron motorlar endüstride sıklıkla tercih edilen elektrik motorlarıdır. Sanayide kullanılan 
elektrik enerjisinin büyük bir kısmı bu motorlar tarafından tüketilmektedir. Asenkron motorların 
artan kullanım oranı sonucunda tüketilen enerji miktarı artmaktadır. Yüksek verimlilikteki elektrik 
motorları enerji tüketimini azaltmaktadır. Asenkron motorlarda mekanik, bakır ve demir kayıpları 
olmak üzere üç temel kayıp bileşeni bulunmaktadır. Malzeme biliminin gelişimi ile stator ve rotor 
parçalarında alternatif manyetik nüve malzemeler kullanılmaktadır. Nüve malzemelerin manyetik 
ve elektriksel özellikleri demir kayıplarını doğrudan etkilemektedir. Bu çalışmada farklı malzeme 
özelliklerine sahip nüve malzemelerin 1,1 kW gücündeki asenkron motorların verimliliğine ve 
demir kayıplarına olan etkisini sonlu elemanlar yöntemi (SEY) ile araştırılmıştır. Nüve malzeme 
olarak M27 elektrik çelik sacı ve 2605SA1 amorf malzeme kullanılarak birbiri ile kıyaslanmıştır. 
Demir kayıpları açısından, M27 elektrik çeliğinin 2605SA1 amorf nüve malzemesinden yaklaşık 
olarak 5,5 kat fazla olduğu görülmüştür. M27 nüve malzemeli modelde bakır kayıpları da diğer 
modele göre daha fazla çıkmaktadır. Mekanik kayıp açısından, her iki nüve malzemeli modelde 
kayıplar birbiri ile çok yakın çıkmaktadır. Bu sonuçlar neticesinde asenkron motorda kullanılan 
2605SA1 amorf nüve malzeme sayesinde verimlilik yaklaşık olarak %2,5 arttığı görülmektedir. 
Ayrıca, her iki asenkron motor modeli birbiri ile karşılaştırıldığında amorf nüve malzemeli 
modelde yaklaşık 1 kg ağırlık azalması sağlanmıştır.  
 
Anahtar Kelimeler: Amorf Malzeme, Elektrik Çeliği, Asenkron Motor, Demir Kayıpları, Bakır 
Kayıpları 
 
1. Giriş 
Sincap kafesli asenkron motorlar, endüstride yaygın olarak tercih edilen bir motor türüdür [1,2]. 
Sincap kafesli asenkron motorlar ticari uygulamalarda kullanılan elektrik motorlarının %90'ından 
fazlasını temsil eder [3]. Mekanik bileşenlerdeki sürtünmeden kaynaklanan mekanik kayıplar, 
sargı direncinden kaynaklanan bakır kayıpları ve manyetik nüve malzemeden kaynaklanan demir 
kayıpları asenkron motorlardaki üç ana kayıp şeklidir [4]. Mekanik ve bakır kayıpları kapsamlı bir 
şekilde çalışılmış olmasına rağmen, demir kayıpları olgusunun anlaşılması henüz gerekli seviyeye 
ulaşmamıştır [5]. Ayrıca, rotor ve statordaki demir kayıpları sincap kafesli asenkron motor 
kayıplarının yaklaşık %25'ini oluşturur [6,7]. Bu nedenle asenkron motorların karakteristik 
performansını iyileştirmek için demir kayıplarını düşük bir seviyeye indirme çalışmaları 
yapılmaktadır [8]. 
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Elektrik motorlarında birçok farklı alternatifte yumuşak manyetik malzeme kullanılmaktadır. 
Bunlardan bir tanesi de elektrik çelikleridir. Hali hazırdaki ticari uygulamalarda stator ve rotor 
nüve malzemesi olarak elektrik çeliği tercih edilmektedir. Silisyum takviyeli bu çeliklerde 
silisyum oranının arttırılması, yüksek verimli (düşük demir kayıplı) Si-Fe çeliğini geliştirmek için 
uygun bir tekniktir. Hou [9] lamine çeliklerde silikon oranının kayıp dağılımı ve manyetik 
geçirgenlik üzerindeki etkilerini araştırmıştır. Döküm külçelerinin silikon oranı ağırlıkça %0.21 
ile %2.00 arasında değişim göstermektedir Silisyum içeriği ağırlıkça %2'ye ulaştığında demir 
kayıpları minimum (P1.5/50 yaklaşık 4,2 W/kg) özellik sergilemektedir. 
 
Son yıllarda elektrik çeliğinin yanı sıra amorf yapıdaki yumuşak manyetik malzemeler ön plana 
çıkmaktadır. Elektrik çeliğine kıyasla yüksek elektriksel özdirenç ve düşük zorlayıcı kuvvet gibi 
üstün özelliklere sahiptirler [10]. Yüksek elektriksel özdirenç sayesinde girdap akım kayıplarını 
azaltmada etkin rol oynamaktadırlar. Amorf manyetik malzemeler transformatör uygulamaları için 
başarıyla kullanılmaktadır. Tane yönelimli silikon çelik yerine amorf nüve malzeme kullanımı 
sayesinde yüksüz kayıpların %70’e kadar azaltılabileceği gözlemlenmektedir [5]. Ek olarak, amorf 
nüve malzemeler çok ince yapıda olup mekanik gerilimlere karşı hassastır [11]. Amorf nüve 
malzemeler yüksek mekanik sertliği nedeni ile zorlu bir üretim sürecine sahip olmaktadırlar. 
Bununla birlikte, amorf şerit üretimindeki teknolojik gelişmeler, daha yüksek laminasyon faktörü 
ile sonuçlanan yüzey kalitesinde iyileştirmelere izin vermektedir [12]. 
 
Bu neden ile amorf manyetik malzeme kullanılan birkaç çeşit elektrik motoru geliştirilmiştir. 
Çekirdek kayıpları motor hızıyla arttığından, amorf manyetik malzemeler, yüksek hızlı 
uygulamalar için geleneksel elektrikli çelik saclara göre önemli bir gelişme sağlayabilmektedir 
[13,14]. Ayrıca, mıknatısların maliyeti nispeten yüksek olduğundan, radyal alan anahtarlamalı 
relüktans motor için de amorf nüve kullanılmaktadır [15]. 
 
Bu çalışmada, asenkron elektrik motorlarında kullanılan farklı nüve malzemelerinin kayıp 
türlerine ve verimliliğe etkileri sonlu elemanlar yöntemi ile gözlemlenmiştir. Ansys-RMxprt 
modülünde asenkron motor modelleri oluşturulmuştur. Asenkron motorlarda M27 elektrik çeliği 
ve 2605SA1 amorf nüve malzeme kullanılmıştır. Sonlu elamanlar analiz sonucunda stator ve rotor 
kısmındaki bakır kayıpları araştırılarak, bunlara neden olan faz akımları değerlendirilmiştir. Bunun 
yanı sıra, demir kayıpları incelenmiş ve verimlilik değişimleri gözlemlenmiştir. Amorf nüve 
malzeme ve elektrik çelik malzemeden oluşturulan motor modelleri ağırlık bakımından 
karşılaştırılmıştır. 
 
2. Nüve Malzeme 
Bu çalışmada, asenkron motor modellerinde nüve malzeme seçiminde M27 elektrik çeliği ve 
2605SA1 amorf malzeme kullanılmıştır. Nüve malzemelerin kimyasal kompozisyonları Tablo 
1’de gösterilmektedir. Elektrik çeliğinde ana alaşım elementi olarak mangan, alüminyum ve 
silisyum kullanılarak demir elementi ile alaşım oluşturulmuştur. Amorf malzemede ise demir 
silisyum ve bor elementi ile alaşım oluşturmuştur. 
  

Tablo 1. M27 ve 2605SA1 nüve malzemelerinin kimyasal bileşimi [14,16] 
 Mn (%) Si (%) Al (%) B (%) Fe (%) 

M27 0.25 2.6-3.0 0.12-0.20 - 96.5-97 
2605SA1 - 13 - 9 78 
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Amorf nüve malzeme ve elektrik çeliğine ait manyetik akı yoğunluğu (B) - manyetik alan şiddeti 
(H) eğrisi Şekil 1’de gösterilmiştir. M27 elektrik çeliği manyetik doyma noktası 2T seviyesinde 
olmasına rağmen 2605SA1 amorf nüvenin manyetik doyum noktası 1.5T seviyesindedir. B-H 
eğrisindeki bu farklılık malzemelerin kimyasal kompozisyonundan kaynaklanmaktadır. Alaşım 
malzemesinde bulunan manyetik olmayan elementler malzemenin histerezis döngüsündeki doyum 
noktasını aşağı seviyelere düşürmektedir. Bu nedenden dolayı amorf nüve malzemeler elektrik 
çeliğine kıyasla daha düşük manyetik indüksiyonlarda performans gösterebilmektedirler. 
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Şekil 1. B-H eğrisi [17] 

 
3. Sonlu Elemanlar Yöntemi (SEY) 
Bu araştırmada, asenkron motorda kullanılan nüve malzemelerin etkilerini incelemek için Ansys-
RMxprt yazılımı kullanılmıştır. Asenkron elektrik motoruna ait parametreler Tablo 2’de 
verilmiştir. Modellenen motor çıkış gücü 1.1 kW olarak seçilmiştir. Çalışma frekansı 50Hz olarak 
seçilmiştir. Asenkron motor modellerinde kullanılan nüve malzeme değiştirilerek sonlu elemanlar 
analizleri gerçekleştirilmiştir. Modellenen asenkron motor sanayide sıklıkla tercih edilen sincap 
kafesli asenkron motor olarak belirlenmiştir. 
 

Tablo 2. Asenkron motor parametreleri [8] 
Faz Sayısı 3  Stator Rotor 
Kutup Sayısı 2 Dış Çap (mm) 140 76 
Çıkış Gücü (kW) 1.1 İç Çap (mm)  78 32 
Voltaj (V) 400 Paket Boyu (mm)  250 250 
Hız (d/dak)  1500 Slot Sayısı  36 28 
Çalışma Sıcaklığı (°C)  75    
Frekans (Hz)  50    
Paketleme Faktörü 0.95    

 
4. Bulgular ve Tartışma 
Bu çalışmada kullanılan asenkron motorun farklı nüve malzemelerinden kaynaklanan bakır 
kayıpları Şekil 3’de gösterilmektedir. M27 silisli sac nüve malzemeli asenkron motor modelinde 
stator kısmında gerçekleşen bakır kaybı 121 W ve rotor kısmında gerçekleşen bakır kaybı 57 W 
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olmaktadır. 2605SA1 amorf nüve malzemeli modelde ise bakır kayıpları stator ve rotor kısmında 
sırası ile 110 W ve 51 W olmaktadır. Sonuç olarak toplam bakır kayıpları M27 silisli sac modelinde 
yaklaşık olarak 17 W daha fazla olduğu görülmektedir. Sonlu elemanlar analizinde amorf nüve 
malzeme kullanımı bakır kayıplarını düşürücü bir etki göstermektedir. 
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Şekil 3. Amorf malzeme ve elektrik çeliği bakır kayıpları karşılaştırması 

 
Elektrik motorlarında bakır kayıpları (sargı ve direnç kayıpları) makinenin sargılarından 
kaynaklanır [4,18]. Temel olarak, bakır kayıpları Denklem 1 kullanılarak belirlenmektedir. 
 
PCu =  RphaseI2M

Ф
               (1) 

 
PCu (W) bakır kayıplarını, Rphase (Ω) tek fazlı sargının direncini, I (A) sargının akım değerini ve 
MФ elektrik makinesinin faz numarasını temsil etmektedir. 
 
Bakır kayıplarını belirleyici en önemli özellik stator ve rotor bileşenlerindeki faz akımıdır. Şekil 
4’de görüldüğü gibi stator kısmındaki faz akımı M27 malzemeli modelde 2.96A değerinde iken 
amorf malzemeli modelde 2.81A seviyesindedir. Aynı şekilde rotor bileşendeki faz akımı M27 
elektrik çelik modelinde daha yüksektir. M27 ve 2605SA1 manyetik malzemeli modellerde rotor 
faz akımları sırası ile 2.25A ve 2.12A olmaktadır. Bakır kayıplarının amorf malzemede düşük 
olmasının gerekçesi stator ve rotor faz akımlarının diğer motor modeline kıyasla daha düşük 
olmasından kaynaklanır. 
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Şekil 4. Stator ve rotor faz akımları 
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Asenkron motorlarda meydana gelen kayıp türlerinde, demir kayıpları üzerine araştırmalar 
yoğunluk göstermektedir. Demir kayıplarını hesaplamak için birkaç farklı analitik metot 
kullanılmaktadır. Bertotti [19] modeli demir kayıplarını histerezis, girdap akımı ve aşırı kayıpların 
bileşeni olarak tanımlamaktadır. Her üç kayıp türü manyetik akı yoğunluğunun genliğinden 
etkilenmektedir. Demir kayıpları Denklem 2 kullanılarak belirlenmektedir. 
 
PFe = Physt + Pec + Pexc = khystfB2 + kecf2B2 + kexcf1.5B1.5          (2) 
 
PFe R (W/m3) toplam demir kaybını, Physt (W/m3) histerezis kaybını ve   Pexc (W/m3) aşırı kayıpları 
belirtmektedir. F (Hz) frekans değerini ve B (T) manyetik akı yoğunluğunu tanımlamaktadır. 
Histerezis kaybı için khyst (W/m3), girdap akım kaybı için kec R (W/m3) ve aşırı kayıplar için kexc 
(W/m3)  katsayıları kullanılmaktadır. M27 elektrik çeliği ve 2605SA1 amorf malzemeye ait 
histerezis kayıplarının, girdap akımı kayıplarının ve aşırı kayıpların sabitleri Tablo 3’de 
gösterilmektedir. 
 

Tablo 3. M27 ve 2605SA1 nüve malzeme kayıp sabitleri 
 khyst (W/m3) kec R (W/m3) kexc (W/m3) 

M27 196.8 4.2x10-1 0 
2605SA1 0.44 7.9x10-5 6.9 

  
Şekil 5’de amorf nüve malzemeli ve elektrik çelik nüve malzemeli motor modellerindeki demir 
kayıpları sunulmuştur. M27 elektrik çeliğinde demir kayıpları 33 W olmaktadır. Ancak, amorf 
malzemeli modelde 6 W olduğu görülmektedir. Sonlu elemanlar analizlerine göre asenkron motor 
modelinde, amorf nüve malzeme kullanımı ile demir kayıpları %82 oranında azaldığı 
gözlemlenmektedir. 
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Şekil 5. M27 ve 2605SA1 nüve malzemeleri demir kayıpları 

 
Elektrik motorları elektrik enerjisini mekanik enerji dönüştüren makinelerdir. Bu dönüşüm 
sırasında enerji kayıpları meydana gelmektedir. Ortaya çıkan bu kayıplar sonucunda verimlilik 
hesaplanmaktadır. Denklem 3’de gösterildiği gibi mekanik gücün (çıkış gücü) elektrik gücüne 
(giriş gücü) oranı elektrik motor verimliliğini belirlemektedir. 
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η (%) = Pmekanik
Pelektrik

𝑥𝑥100 = Pmekanik
Pmekanik + Pkayıplar

𝑥𝑥100                     (3) 

 
η (%) elektrik motor verimliliğini, Pmekanik (W) çıkış gücünü, Pelektrik (W) giriş gücünü, Pkayıplar 
(W) kayıpları ifade etmektedir. 
 
M27 malzemeli asenkron motor modelinde elektrik gücü (giriş gücü) 1419.7 W iken 2605SA1 
amorf malzemeli modelde elektrik gücü (giriş gücü) 1376.4 W olmaktadır. Sonlu elemanlar 
analizlerine göre M27 malzemeli asenkron motorda bakır kayıpları 17 W fazla olmaktadır. Ancak 
demir kayıplarına göre kıyaslandığında, M27 malzeme seçimi yapılan asenkron motor modelinde 
demir kayıplarının 27 W fazla olduğu görülmektedir. Farklı nüve malzemeler ile oluşturulan 
asenkron motor modellerine ait verim değerleri Şekil 6’da gösterildiği gibidir. M27 elektrik çeliği 
modelinde enerji verimliliği 77,5% seviyelerindedir. Amorf nüve malzemesi ile oluşturulan 
asenkron motor modelinde ise enerji verimliliği 80% olduğu analizler sonucunda gözlemlenmiştir. 
Nüve malzeme olarak amorf malzeme seçimi, kayıpları azaltarak motor verimliliğini geliştirici bir 
özellik sunmuştur. 
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Şekil 6. Asenkron motor modelleri enerji verimliliği 

 
Şekil 7’de elektrik çeliğine ve amorf malzemeye ait motor modellerinin manyetik akı yoğunluğu 
dağılımı gösterilmektedir. M27 elektrik çeliğinde ve 2605SA1 amorf malzemede manyetik akı 
rotor bölgesinde yoğunlaşmaktadır. Hava boşluğunda her iki modelde manyetik akı yoğunluğu 
düşük seviyede olmaktadır. M27 ve 2605SA1 nüve malzemelerinin manyetik doyum noktası 
sırasıyla 2T ve 1.5T seviyesindedir. Amorf malzemedeki düşük doyum seviyesinin ana nedeni 
kimyasal bileşimindeki manyetik olmayan elementlerin elektrik çeliğine kıyasla daha fazla 
olmasından kaynaklanmaktır. Nüve malzeme seçiminde elektrik motorunun çalışma şartlarının 
dikkate alınması gerekmektedir. Analizleri yapılan elektrik motorlarının düşük indüksiyon 
seviyesinde performans gösterdiği görülmektedir.  Asenkron motorların manyetik akı yoğunluğu 
dağılımları incelendiğinde her iki malzeme için doyum noktası aşılmamıştır. Bu nedenle, 
modellenen motorlarda malzeme seçiminde elektrik çeliği gibi amorf malzeme kullanımında 
uygun olacağı gözlemlenmiştir. 
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a) M27 

 
b) 2605SA1 

 
Şekil 7. Manyetik akı yoğunluğu dağılımı; a) M27 nüve malzeme, b) 2605SA1 nüve malzeme 

 
Tablo 4’de farklı nüve malzeme kullanılarak modellenen asenkron motorlara ait sonlu elemanlar 
analiz sonuçları gösterilmektedir. 2605SA1 amorf malzemede toplam bakır kayıpları 161 W olarak 
çıkmaktadır. M27 malzemede bakır kayıplarının 178 W olduğu görülmektedir. Bakır kayıplarında 
iletken olarak seçilen bakır malzeme aynı olmasına rağmen M27 elektrik çeliği kullanılan 
asenkron motor modelinde bakır kayıpları amorf malzemeli elektrik motoruna göre %10 fazla 
olmaktadır. Bunun temel nedeni, asenkron motor modelinin 1.1 kW çıkış gücüne ulaşabilmesi için 
gereken akım değerinin, M27 nüve malzemeli modelde hem stator hem de rotor kısımları için daha 
fazla faz akımına ihtiyaç duymasından kaynaklanmaktadır. Asenkron motor modelinde seçilen 
amorf malzemenin bakır kayıplarına olumlu etkisi demir kayıpları açısından da benzerlik 
göstermektedir. Amorf malzemeli modeldeki demir kayıpları elektrik çeliği kullanılan modele 
kıyasla 27 W daha düşük seviyede olmaktadır. Bunun temel nedeni, nüve malzemelerin kimyasal 
bileşimlerinin ve kristal yapısının farklı olmasındandır. Amorf alaşımlar, iç yapıdaki 
düzensizlikten dolayı kristal yapı gösteren alaşımlara göre çok daha düşük elektrik iletkenliği 
gösterirler. Amorf nüve malzemelerin atomik bir düzende olmaması amorf malzemelerin, kristal 
yapıdaki elektrik çeliklerine kıyasla yüksek elektriksel öz direncine sahip olduğunu 
göstermektedir. Bunun sonucunda 2605SA1 amorf malzemede girdap akımları düşük seviyeye 
ulaşarak düşük demir kaybı özelliği sergilemektedir.  
 

Tablo 4. Sonlu elemanlar analiz sonuçları 
 2605SA1 M27 
Stator Bakır Kayıpları (W) 110 121 
Rotor Bakır Kayıpları (W) 51 57 
Toplam Bakır Kayıpları (W) 161 178 
Stator Faz Akımı (A) 2.81 2.96 
Rotor Faz Akımı (A) 2.12 2.25 
Demir Kayıpları (W) 6 33 
Giriş Gücü (W) 1376.4 1419.7 
Verimlilik (%) 80 77.5 
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Demir kayıpları ve bakır kayıplarının 2605SA1 amorf nüve malzemeli motor modelinde düşük 
çıkması nedeni ile şebekeden çekilen güç M27 malzemeli modele nazaran amorf malzemeli 
modelde 43.3 W daha düşük olmaktadır. Bu sayede, 2605SA1 malzemeli motor modelinde 
verimlilik %80 seviyesinde olur iken M27 malzemeli modelde verimlilik %77.5 seviyesinde 
olmaktadır. Elektrik motor modellerinde stator ve rotor parçalarında amorf malzeme kullanımı 
asenkron motor modelinin enerji verimliliğini elektrik çeliği kullanılan modele kıyasla %2.5 
geliştirdiği gözlemlenmiştir. 
 
5. Sonuçlar 
Bu çalışmada, 1.1 kW gücündeki sincap kafesli asenkron motorlar farklı manyetik nüve 
malzemelerin kullanımı ile modellenmiştir. Stator ve rotor kısımları için M27 silisli sac ve 
2605SA1 amorf nüve malzemeler seçilmiştir. Elektrik motor modellerinin sonlu elemanlar 
yöntemi ile analizleri gerçekleştirilmiş ve birbirleri ile karşılaştırılmıştır. Elektrik motor 
modellerinin verimlilikleri ve kayıp türleri incelenmiştir. Elektrik motor modellerinin çalışma 
koşulundaki manyetik akı yoğunluğu değerlendirilmiştir. 
 
Sonlu elemanlar analiz sonuçlarına göre, stator ve rotor kısımlarında bakır kayıpları M27 elektrik 
çelik modelinde daha fazla çıkmaktadır. Bakır kayıplarına neden olan faz akımları incelendiğinde, 
M27 sac malzemeli modelde stator ve rotor faz akımları amorf malzemeli modele nazaran daha 
fazla olduğu görülmektedir. Demir kayıpları açısından amorf nüve malzeme elektrik çelik 
malzemeye göre daha üstün özellikler sergilemektedir. Bu sonuçlar doğrultusunda, 2605SA1 
amorf nüve malzeme asenkron motor modelin verimliliğini geliştirerek enerji verimliliğine olumlu 
katkılar sunmaktadır. Manyetik akı yoğunluğu dağılımları incelendiğinde her iki malzemede 
manyetik doyum bölgesinin aşılmadığı görülmüştür. Sonlu elemanlar analizlerinin çıktıları, nüve 
malzeme seçiminde 2605SA1 amorf malzeme kullanımın M27 elektrik çeliğine kıyasla çeşitli 
avantajlar sunduğunu göstermektedir. 
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ÖZET 
Kaynak işlemi elektrik motoru, trafo ve jeneratörlerde lamine olarak kullanılan elektrik çelik 
saclarının birleştirilmesinde en yaygın kullanılan yöntemlerden birisidir. Geleneksel kaynak 
yöntemlerinin yanı sıra, lazer kaynağı lamine yapıyı sabitlemek için alternatif bir teknolojidir. 
Lazer kaynağı geleneksel kaynak metotlarına göre elektrik makinelerinde manyetik özelliklerin 
korunmasında bilinen en verimli kaynak yöntemlerinden bir tanesidir. Bununla birlikte, kaynak 
geometrisielektrik makinelerinin çalışma performansında ciddi bir etkiye sahiptir. Bu çalışmanın 
temel amacı,presleme prosesi sonucunda üst üste gelen lamine sacları farklı kaynak geometrileri 
ile birleştirerek, geometriden dolayı oluşan manyetik kayıpları birbirleri ile kıyaslamaktır.Farklı 
kaynak dikiş geometrilerine sahip elektrik çeliği saclarının simülasyonları sonlu elemanlar 
yöntemi ile modellenmiştir. Kaynak geometrisi olarak yarım daire seçilmiştir ve daire yarıçapı 
arttıkça girdap akım kayıpları artış göstermiştir. Kayıp dağılımları gözlemlendiğinde kaynak 
bölgesinde kayıpların daha yoğun olduğu görülmüştür. 
 
Anahtar Kelimeler: Elektrik Çeliği, Sonlu Elemanlar Yöntemi, Manyetik Kayıplar, Girdap 
Akım Kayıpları, Kaynak Geometrisi 
 
1. Giriş 
Elektrik motoru ve trafo gibi elektrik makinelerinde yaygın olarak elektrik sacları kullanılırlar. 
Elektrik sacları aynı zamanda silisyum içerikli saclar olarak da adlandırılabilirler. Bu sacların 
yaygın olarak kullanılma sebeplerinden başlıca; yüksek geçirgenlik ve düşük demir kayıpları gibi 
özelliklere sahip olmalarıdır. Bu malzemelerin temel kullanım amacı enerjinin taşınmasıdır [1]. 
Bu özellikler ilesilisyum içerikli sacların kullanıldığı elektrik makinelerinde saclar üzerinde 
oluşan girdap akımı, önemli bir demir kaybı çeşididir. Bu demir kaybı elektrik makinelerinde 
kullanılan silisyum içerikli saclar gibi malzemelerin tasarımına büyük oranda yön vermektedir. 
Silisyum içerikli sacların elektrik makinelerinde kullanımı esnasında kalınlık arttıkça girdap 
akımının sac nüve içerisinde gezindiği alanda artmaktadır. Bu durum elektrik makinelerinde 
demir kaybına dolayısıyla da verim kaybına sebebiyet vermektedir. Demir kaybının 
azaltılmasına yönelik atılan adımlardan birisi silisyum içerikli sacların kalınlığının azaltılmasıdır. 
Piyasada yaygın olarak 0.5 mm kalınlığında silisyum içerikli sac kullanılsa da bazı üreticiler 
daha ince kalınlıklarda silisyum içerikli saclar kullanmaktadır [2]. Kalınlığın 0.5 olduğu 
durumlarda girdap akımlarından kaynaklanan verimlilik kaybı azalsa da, düşük sac kalınlığı 
üretim maliyeti ve işçiliği arttırmaktadır. Elektrik makinelerinde kullanılan silisyum içerikli 
sacların demir kayıplarının azaltılmasında kullanılan diğer bir yöntem ise silisyum içerikli 
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sacların kimyasal içeriklerinin değiştirilmesidir. Silisyum oranı arttırıldıkça bu lamine sacların 
kullanıldığı elektrik makinelerinin çalışma performansında daha düşük demir kayıpları olduğu 
gözlenmiştir. Bu noktada, yine bazı dezavantajlar ortaya çıkmaktadır. Silisyum içeriğinin 
manyetik nüve malzemelerdeki artışıyla, nüve malzemelerin haddelenme gibi işlemleri 
zorlaşmaktadır. Bu sebepten ötürü piyasada yaygın olarak %1 ile %3 arasında silisyum içeren 
saclar bulunmaktadır. Bu yapılan çalışma ve araştırmaların yanı sıra lamine silisyum içerikli 
sacların birbirlerine bağlantı yöntemlerinin de elektrik makinelerinin performansına olan etkisi 
oldukça önemlidir.  
 
Lamine edilmiş saclar kaynak, yapıştırma veya perçinleme gibi yöntemlerle birleştirilerek 
sabitlenir [3]. TIG ve plazma gibi geleneksel kaynak metotları, kullanım esnekliği ve düşük 
maliyetlerden dolayı silisyum içerikli sacların kaynağında yaygın olarak kullanılmaktadır [4]. 
Lazer kaynak yöntemi ise geleneksel yöntemlere kıyasla daha iyi bir kaynak kalitesini ve daha 
yüksek hızlara sahip imalat süresini sağlamaktadır [5]. Bunlarla birlikte lazer kaynağı TIG ve 
plazma gibi kaynak metotlarına kıyasla daha küçük ITAB bölgesine sebebiyet vermektedir[6]. 
Bu sebeplere ek olarak, silisyum içerikli sacların kaynak ile birleştirilme işleminde lazer 
kaynağının yaygınlaşmasının sebebi lazer kaynak metodunun sağladığı konsantre ısı kaynağı ve 
düşük deformasyondur. Kaynak yöntemleri kullanılarak yapılan birleştirme işlemlerinde, dikişin 
kenar düzleminin altında olduğu yerde pürüzsüz bir yüzeyin sağlanması için bir kaynak 
geometrisi için hazırlık gerekmektedir [7].  Silisyum içerikli sacların kaynağında kaynak 
geometrisi elektrik makinelerin çalışması esnasında gösterdikleri verimliliğe önemli derecede 
etkiye sahip olduğu bilinmektedir [8]. Kaynak geometrisinin yanı sıra silisyum içerikli saclar 
üzerinde kalan çapakların veya yapılan kaynak işlemiyle birlikte silisyum içerikli sacların sahip 
olduğu yalıtkan kaplamanın tahrip olmasıyla ortaya çıkan manyetik kayıplar bilimsel 
araştırmalara konu olmuştur [9]. Kaynak esnasında silisyum içerikli saclar üzerinde bulunan 
elektrik izolasyon kaplamasının zarar görmesiyle, elektrik makinelerinde girdap akım 
kayıplarının arttığı gözlenmektedir [10,11].   
 
Sonlu elemanlar yöntemi, elektrik makinelerinde manyetik kayıpların ve verimliliğinin 
araştırıldığı çalışmalarda sonlu elemanlar yöntemi literatürde sıkça kullanılmıştır [12,13]. Zhang 
ve arkadaşları, sonlu elemanlar yöntemi kullanarak lazer ve TIG kaynağının silisyum içerek 
sacların birleştirilmesindeki manyetik analizini gerçekleştirmişlerdir. Yaptıkları bu çalışmada 
TIG kaynağının daha fazla girdap akım kaybına sebebiyet verdiğini gösterdiler [14].Lamprecht 
ve arkadaşları [15], sonlu elemanlar yöntemi kullanarak silisyum içerikli sacların farklı istifleme 
yöntemlerinin girdap akımı kayıpları üzerindeki etkileri üzerine çalışmışlardır. Ukwungwu ve 
arkadaşları ise farklı kaynak yöntemlerinin silisyum içerikli sacların istiflenmesi esnasında 
manyetik özelliklere etkisi nümerik analiz yöntemleri ile araştırılmıştır [16]. 
 
Bu çalışmada, kaynak geometrisi ile manyetik özellikler arasında ilişkiler incelenmiştir. Bu 
kapsamda silisyum içerikli sacların kaynak işlemi ile istiflenmesi esnasında kullanılan kaynak 
geometrilerinin manyetik özelliklere olan etkileri incelenmiştir. Belirlenen farklı kaynak 
geometrilerinde yapılan kaynak ile istiflemesi yapılan modellerin; manyetik akı yoğunlukları, 
girdap akım yoğunlukları ve girdap akım kayıpları değerlendirilmiştir. 
 
2. Malzeme ve Metot 
2.1 Nüve Malzeme 
Bu çalışmada, elektrik motorlarda kullanılan tane yönelimli olmayan silisyumlu sacın kaynak 
geometrisine bağlı olarak değişik manyetik özellikleri sonlu elemanlar yöntemi ile analiz 
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edilmiştir. Kaynak geometrileriAnsys-Maxwell sonlu elemanlar yazılımında modellenmiştir. 
Elektrik motorlarda, M19 sacı düşük güç kayıpları ve yüksek manyetik doyum özellikleri nedeni 
ile tercih edilmektedir. Bu nedenden dolayı, modellemede kullanılan lamine elektrik çeliği olarak 
M19 malzeme seçilmiştir.Laminasyon sacının elektriksel özdirenci 51 µΩcm ve kütle yoğunluğu 
7650 kg/m3 şeklindedir. M19 sacına ait manyetik akı yoğunluğu (B) – manyetik alan şiddeti (H) 
eğrisi Şekil 1’ de gösterilmiştir. M19 nüve malzeme B-H eğrisinde manyetik doyum noktası 2.5T 
olmaktadır. Yüksek manyetik alan şiddetlerin yüksek manyetik indüksiyonlara ulaştığı 
görülmektedir. 
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Şekil 1. M19 nüve malzeme manyetik akı yoğunluğu (B) – manyetik alan şiddeti(H) eğrisi 

 
Nüve kayıplarının hesaplanması elektrik makinelerinin tasarımının ve analizinin zorlu bir yönü 
olmaktadır. Çeşitli indüksiyon seviyeleri ve frekansları için nüve kayıplarını hesaplamak için 
çeşitli analitik metotlar bulunmaktadır. Jordan[17] nüve kayıplarını iki tipe ayırdı; histerezis 
kayıpları (Physt) ve girdap akımı kayıpları (Pec).Her iki kayıp biçimi de akıyoğunluğunun 
genliğinden etkilenmiştir. Histerezis kayıpları (statik kayıplar) f ile orantılı olmasına rağmen, 
girdap akımı kayıpları f2 (dinamik kayıplar) ile orantılı olmaktadır. Güç kaybı denklemi şu 
şekilde yazılmaktadır; 
 
PFe = Physt + Pec = khystfB2 + kecf2B2      (1) 
 
Denklem 1’de; PFe(W/m3) toplam nüve kaybını, f (Hz), B (T) manyetik akı yoğunluğunu temsil 
etmektedir. Histerezis kaybı için khyst (W/m3) ve girdap akım kaybı için kec(W/m3)sabitleri 
kullanılmaktadır. Tablo 1’de M19 nüve malzemeye ait histerezis ve girdap akım kayıplarının 
katsayıları verilmiştir. 
 

Tablo 1. M19 nüve malzeme histerezis ve girdap akımı kayıp sabitleri 
 khyst (W/m3) kec(W/m3) 
M19 164.2 0.409 
 
2.2 Sonlu Elemanlar Modeli 
Bu çalışmada, kaynak geometrilerinin manyetik kayıplara etkisini incelemek için kaynak dikiş 
bölgesi parametreleri üzerinde değişiklikler yapılmıştır.Laminasyon saclarının kalınlıkları, hali 
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hazırdaki ticari uygulamalarda kullanılan silisyumlu sacın kalınlığı referans alınarak 0.5 mm 
olarak seçilmiştir.Şekil 2’de gösterildiği gibi silisyumlu saclar üst üste koyularak iki farklı 
bölgeden kaynak modellemesi bir cad programı yardımı ile hazırlanmıştır. Kaynak geometrisi 
her iki bölge içinde yarım daire olarak seçilmiştir. Modellemelerdeki daire yarıçapları sırasıyla 
0.25, 0.50, 0.75 ve 1 mm olarak seçilmiştir. Sonlu elemanlar analizinde hesaplama süresini 
azaltmak için temel ve karmaşık olmayan bir model kurulmuştur. Problemin çözümü zaman 
bağlı olarak gerçekleştirilmiştir. Problem 100 adımda 0.1 saniyede çözülmüştür. Ansys-Maxwell 
yazılımında girdap akım kayıpları ve bunların dağılımları gözlemlenmiştir. 

 
            (a) katı model                                                    (b) kesit alanı 

Şekil 2. Sonlu elemanlar modeli; (a) katı model ve (b) kesit alanı görünümü 
 

3. Bulgular ve Tartışma 
Şekil 3’de farklı kaynak geometrilerine sahip laminasyon saclarının manyetik akı yoğunluğu 
dağılımları gösterilmektedir. Merkez çevresinde 0.25 mm ve 0.50 mm (Şekil 3.a ve 3.b) 
yarıçapına sahip modellerde manyetik akı homojen bir şeklide dağılarak daha düşük manyetik 
indüksiyon seviyelerindedir. Ancak 0.75 mm ve 1 mm (Şekil 3.c ve 3.d)  kaynak geometrilerinde 
ki modellerde merkez bölgedeki homojenlikte bozulmalar meydana gelmekte ve manyetik 
indüksiyon yüksek seviyelere ulaşmaktadır. Her dört faklı kaynak geometrilerine sahip 
modellerde manyetik akı yoğunluğu doyma noktasına ulaşmamıştır.0.75 mm ve 1 mm kaynak 
geometrilerine sahip modellerde kaynak dikiş bölgesinde manyetik indüksiyon dağılımları 
belirgin bir şekilde artış göstermektedir. Analiz sonuçları göre, kaynak dikiş bölgesinin 
çevresinde manyetik akı yoğunluklarında artış gerçekleşmektedir. Modellemede nüve malzeme 
olarak seçilen M19 elektrik çeliğinin manyetik doyum noktası 2.5 T olduğu için her dört farklı 
model içinde kaynak bölgesi çevresini manyetik doyum seviyesini aşmamaktadır. 
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Şekil 3. Manyetik akı yoğunluğu dağılımı; 
(a) r = 0.25 mm, (b) r = 0.5 mm, (c) r = 0.75 mm, (d) r = 1 mm 

 
Girdap akım yoğunluğunun dağılımları Şekil 4’te gösterilmektedir. Kaynak dikiş bölgelerinde 
akım yoğunluğunun dağılımı incelendiğinde her dört modelde girdap akım dağılımın arttığı 
gözlemlenmektedir. Laminasyon saclarında girdap akımlarını sınırlandırmak için yalıtım 
kaplaması kullanılmaktadır. Bu sayede girdap akımlarını minimum seviyeye indirmek 
amaçlanmaktadır. Ancak, laminasyon saclarını birleştirme yöntemi girdap akımlarını arttırıcı etki 
göstermektedir. 0.25 mm (Şekil 4.a) kaynak dikiş geometrisine sahip modelde girdap akımlarının 
dağılımları en düşük seviyede olmasına rağmen, 1 mm (Şekil 4.d) kaynak dikiş geometrisine 
sahip modelde girdap akımın dağılımı artış göstermektedir. 0.25 mm ve 0.50 mm yarıçapındaki 
modellerde girdap akımlarının dağılımları birbiri ile benzerlik göstermesine rağmen 0.75 mm ve 
1 mm yarıçapındaki modellerde girdap akımları dağılımlarındaki artış kaynak dikiş bölgesi 
çevresinde daha belirgin hale gelmektedir. Kaynak geometri yarıçapındaki artış girdap akımlarını 
arttırıcı etki göstermektedir. Kaynak dikiş geometrisinden uzaklaştıkça yani merkez bölge 
çevresinde girdap akımları düşük seviyede olmaktadır. 1 mm yarıçapına sahip modelde merkez 
bölgenin çevresindeki girdap akım dağılımlarının homojenliğinde bozulmalar meydana gelmiştir. 
Sonlu elemanlar analizlerine göre 0,75 mm kaynak yarıçapından büyük geometriye sahip 
modelde (r = 1 mm) girdap akımlarında düzensizlikler gözlemlenmiştir. 
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Şekil 4. Girdap akımı yoğunluğu dağılımı; 
(a) r = 0.25 mm, (b) r = 0.5 mm, (c) r = 0.75 mm, (d) r = 1 mm 

 
Şekil 5 girdap akımı kayıplarının dağılımlarını sunmaktadır. Her dört modelde kaynak dikiş 
bölgelerindeki girdap akım kayıpları artış göstermektedir. 0.25 mm (Şekil 5.a) yarıçapına sahip 
modelde girdap akımlarına bağlı kayıplar düşük seviyedeyken, 1 mm (Şekil 5.d) yarıçapındaki 
modelde girdap akım kayıpları en yüksek seviyede olmaktadır. Girdap akımı kayıpları 0.25 mm, 
0.5 mm ve 0.75 mm yarıçapındaki modellerde kaynak dikiş bölgesinde yoğunlaşmasına rağmen 
1 mm yarıçapındaki modelde kaynak dikiş bölgesinin çevresine daha belirgin bir şekilde 
dağılmaktadır. Bu neden ile 0.75 mm kaynak yarıçapı farklı kaynak geometrilerine sahip 
modellemeler için kritik bir değer haline gelmektedir. 0.25 mm ve 0.50 mm yarıçap 
ölçülerindeki modellerde merkez bölge çevresinde girdap akımı kayıplarının dağılımları 
birbirleri ile benzerlik göstermekte ve homojen bir şekilde dağılmaktadır. 0.75 mm yarıçapındaki 
modelde nispeten 0.25 mm ve 0.75 mm kaynak yarıçapındaki modeller ile tutarlılık 
göstermektedir. Ancak, 1 mm yarıçapındaki model incelendiğinde merkez bölge çevresindeki 
girdap akımı kayıpları daha belirgin duruma gelmekte ve homojenlik bozulmaktadır. Analiz 
çıktılarına göre 0.75 mm üzerindeki yarıçapa sahip modelleme girdap akım kayıpları açısından 
olumsuz özellik göstermektedir. 
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Şekil 5. Girdap akımı kayıpları dağılımı; 
(a) r = 0.25 mm, (b) r = 0.5 mm, (c) r = 0.75 mm, (d) r = 1 mm 

 
Şekil 6’da girdap akım kayıplarının zamana bağlı değişimi ve 100 ms boyunca gerçekleşen 
girdap akım kayıplarının ortalaması gösterilmektedir.  Girdap akım kayıplarının zamana bağlı 
değişimleri her dört model içinde benzerlik göstermektedir. 30 ms’den sonra girdap akım 
kayıpları sabitdurumageçmektedir. Ortalama girdap akım kayıpları (Şekil 6.e) incelendiğinde 
0.25 mm kaynak yarıçapına sahip modelde girdap akım kayıpları en düşük değerine ulaşırken 
kaynak yarıçapı 1 mm olduğunda girdap akım kayıpları en yüksek değerine ulaşmaktadır. 
Ortalama girdap akım kayıplarında 1 mm’den küçük kaynak geometrileri birbirleri ile benzerlik 
göstermektedir. Lakin kaynak dikişi yarıçapı 1 mm olduğunda kayıplarda keskin bir artış 
gözlenmektedir. 1 mm kaynak yarıçapına sahip model ile 0.25 mm kaynak yarıçapına sahip 
model ile karşılaştırıldığında, girdap akım kayıplarında %34 artış olduğu simülasyon 
sonuçlarında gözlemlenmektedir. Analiz sonuçları karşılaştırıldığında kaynak yarıçapındaki 
azalış girdap akım kayıpları bakımından olumlu avantajlar sunmaktadır. 
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Şekil 6. Girdap akım kayıplarının zamana bağlı değişimi; (a) r = 0.25 mm, (b) r = 0.5 mm, (c) r = 
0.75 mm, (d) r = 1 mm - (e) ortalama girdap akım kayıpları 

 
3. Sonuçlar 
Analiz sonuçlarına göre dört faklı model için manyetik akı yoğunluğu, seçilen nüve malzemenin 
(M19) manyetik doyum noktasını aşmamıştır. Girdap akımları değerlendirildiğinde 0.75 mm ve 
1 mm yarıçaplarındaki modellerde kaynak dikiş bölgesinde yüksek akımlara ulaştığı 
görülmektedir. Girdap akım kayıp dağılımları simülasyon sonuçlarına göre 0.25 mm, 0.5 mm ve 
0.75 mm yarıçapındaki modellerde benzerlik göstermekte ve merkez bölge çevresinde 1 mm 
yarıçaplı modele nazaran daha homojen bir dağılım göstermektedir. Buna bağlı olarak girdap 
akım kayıp değerleri 1 mm yarıçaplı modelde en yüksek değeri sergilemektedir. Kaynak dikiş 
bölgesinin yarıçapındaki artış laminasyon sacları arasındaki iletkenliği artırarak birbirleri 
arasındaki girdap akımlarını yüksek seviyede tutmaktadır. Bunun sonucunda girdap akım 
kayıplarında kaynak yarıçapı artışına bağlı olarak kayıplar daha yüksek seviyelere ulaşmaktadır. 
Laminasyon sacları arasındaki girdap akımlarını sınırlandırmak için düşük kaynak yarıçapına 
sahip proseslerin tercih edilmesi gerekmektedir. Bu sayede elektrik motorlarındaki girdap akım 
kayıpları düşük seviyelere indirilerek, enerji verimliliği arttırılacaktır. 
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Özet 

 
Bu çalışmada, ACPL-332J Kapı sürücü ile fırçasız doğru akım motorlarına yönelik motor sürücü 
tasarlanmış ve uygulaması gerçekleştirilmiştir. Anahtarlama elemanı olarak 2MBI200XAA-065-
50 IGBT modül kullanılmıştır. ACPL-332J Kapı sürücü, active miller clamp ve desturation 
koruma metotlarına sahiptir. Bu bir izolasyonlu kapı sürücü olduğu için, oluşabilecek bir 
problemde kontrol kartının hasar alması önlenmiştir. Bu kapı sürücünün bir diğer avantajı ise, 
desaturation metodu ile, devrede bulunan anahtarlama elemanın kısa devre seviyesinde akım 
çektiği durumda, algılanır ve anahtarlama elamanı kapatılır. Active miller clamp ile ise, 
anahtarlama elemanının istenmeyen zamanlarda iletime geçmesini önlemekte kullanılmaktadır. 
Uygulaması gerçekleştirilen sürücünün, faz-faz arası osiloskop ölçümleri ve test aşamalarına ait 
görüntüleri sonuç olarak verilmiştir. 
 
Anahtar Kelimeler: Fırçasız Doğru Akım Motorları, Motor Sürücüleri, ACPL-332J kapı sürücü. 
 
1.GİRİŞ  
Fırçasız Doğru Akım Motorlar her geçen gün daha fazla alanda faaliyet göstermektedir. Elektrikli 
hava-kara ve deniz araçlarında kullanımı hızla yaygınlaşan bu motorlar beyaz eşyalarda ve üretim 
araçlarında da gün geçtikçe daha fazla tercih edilmektedir. Verimlilik ve hacim başına momentum 
ihtiyacı gün geçtikçe artmaktadır.Fırçasız doğru akım motorları, yüksek verimlilik ve 
moment/hacim oranına sahiptir.[1] Fırçalı Doğru Akım Motorlarına göre verimlilik ve 
elektromanyetik gürültü gibi konularda avantajlı olan bu motor tipi, fırçalı motorların yerini de 
doldurmaya devam etmektedir. Konum sensörleri ile sürüşe ihtiyacı olması bir dezavantaj olarak 
önümüze çıkmaktadır. Piyasadaki asenkron motorlara göre daha maliyetli olması bir diğer 
dezavantajıdır.Motor sürücüler fırçasız doğru akım motorlarında zorunlu olarak kullanılması 
gerekmektedir. Bu sürücüler temel olarak kontrol katı, sürücü katı, güç katı, olarak üç gruba 
ayrılabilir. Bu gruplardan sürücü katında anahtarlama elemanlarını süren kapı sürücüleri ve 
yardımcı elemanları bulunmaktadır. Anahtarlama elemanın doğru tanınması ve onun ihtiyaçlarına 
ve çalışma aralıklarına uygun bir kapı sürücü belirlenmelidir. Farklı amaçlara göre özelleşmiş 
farklı tiplerde kapı sürücüleri bulunmaktadır. Bu uygulamada ACPL-332J kapı sürücüsü 
kullanılmıştır. Kullanılan bu kapı sürücü anahtarlama elemanımızın ihtiyacı olan akımı 
sağlayabilmektedir. Ayrıca çalışma gerilimi bakımından anahtarlama elemanımızın çalışma 
gerilimine uygundur. Ayrıca bu kapı sürücünün, izolasyona sahip olması, simetrik olarak 
beslenebilmesi, desaturation ve active miller clamp [2] koruma yöntemlerine sahip olması gibi 
avantajları da bulunmaktadır. Uygulamasının karmaşık olması, maliyeti ve yardımcı devre 
elemanları sayısının fazla olması dezavantajları olarak sıralanabilir. 
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Fırçasız DA Motor sürücüleri ile ilgili yapılan benzer çalışmalar gözlemlendiğinde, genellikle, 
active miller clamp ve desaturation koruma metotlarına sahip olmadıkları gözlemlenmektedir. Bu 
iki analog koruma metodu yüksek akımlar sürülmesi için gerçekleştirilen uygulamalarda büyük 
öneme sahiptir. 
 
Desaturation metodu kısa devre durumlarında istenmeyen akımların anahtarlama elemanından 
geçişini çoğu zaman kontrol elemanından çok daha önce algılayabilir ve istenmeyen akımların 
geçişine engel olabilir. Bu şekilde anahtarlama elemanı ani akım sıçramalarına karşı korunmuş 
olur. Active miller clamp metodu ile ise anahtarlama esnasında kaçak kapasitede oluşabilecek 
gerilim yükü ile anahtarlama elemanının istenmeyen zamanlarda tetiklenmesinin veya akım 
sızdırmasının önüne geçilmektedir.Böyle bir koruma metodu bulunmadığı çalışmalarda 
anahtarlama, elamanı kontrolsüz bir şekilde tetiklenebilir. Bu durumda istenmeyen akımlar fazlar 
üzerinde dolaşabilir ve kısa devre durumu oluşarak anahtarlama elamanları zarar görebilir.Bu 
çalışmanın diğer çalışmalardan en temel farkı bu iki koruma metodu ile oluşabilecek problemlerin 
önüne geçilebilecek olmasıdır. Bu özellikleri ile daha güvenli ve daha uzun bir çalışma ömrü gibi 
avantajlara sahiptir. 
 
2.MATERYAL VE METOD 
Motor sürücüler fırçasız doğru akım motorlarında zorunlu olarak kullanılması gerekmektedir. Bir 
fırçasız doğru akım motoru sürülürken konum sensörlerine ihtiyaç duyulmaksızın back-emf 
yöntemi de kullanılabilmektedir.[3) Bu yöntem özellikle elektrikli hava araçlarına yönelik yapılan 
motorların sürücülerinde görülmektedir. Bu uygulamada konum sensörleri kullanılarak sürüş 
gerçekleştirilmektedir. Fırçasız doğru akım motorlarının hız kontrolünde de çeşitli hız kontrol 
yöntemleri bilinmektedir. En bilindik yöntemler olarak basitten zora doğru, trapezoidal PWM 
kontrol[4] space vektor PWM kontrol(SV-PWM) ve field oriented control(FOC) olarak 
sıralanabilir. Bu uygulamada, trapezoidal PWM kontrol ile hız kontrolü gerçekleştirilmektedir. 
Kontrol kartı olarak STM32F-Discovery kullanılmaktadır. Konum sensörlerinden bilgi dijital 
olarak alınmakta ve GPIO ile okunmaktadır. Hız kontrolü ve akım okuma için ADC modülü 
kullanılmaktadır. Akım sensörü olarak HAS-200 analog çıkışlı akım sensörü kullanılmaktadır. 12 
bit olan ADC1’in 1. kanalı ile analog sinyal okunur ve PWM ayarlamak için bir dönüşüm formülü 
ile genel sinyal ile duty-cycle ayarlanmaktadır. 2. 3. ve 4. kanallar ile ise akım okunur bir algoritma 
ile faz akımları belli değerleri geçince pwm belli oranlarda düşürülmektedir. TIM-1’in 3 kanalı ve 
evrilmiş kanalları ile toplamda 6 çıkış kullanılmıştır. Konum sensörlerinden gelen bilgi 
kullanılarak bir algoritma ile PWM kanal çıkışları tetiklenmektedir. Aşağıdaki tabloda hall 
sensörlerden gelen sinyale göre motor ileri yönde sürülür iken TİM1 pwm kanal çıkışları 
görülmektedir.Anahtarlama elemanları bakımından birçok tip anahtarlama elemanı 
bulunmaktadır. Frekans, çalışılacak gerilim ve akım değerleri gibi referanslara göre anahtarlama 
elemanı tipi belirlenebilir. Maliyet çalışma sıcaklıkları iç direnç, kapı kapasitansı gibi spesifik 
özelliklere göre de hangi anahtarlama elemanın tercih edileceği belirlenebilir. 
 
Bu çalışmada Anahtarlama elemanı olarak ise 2MBI200XAA-065-50 IGBT Modül tercih 
edilmiştir. Her bir modül 1 adet yarım köprüden oluşmaktadır. Yüksek frekanslı anahtarlama 
esnasında anahtarlama gerilimi istenmeyen seviyelere yükselebilir. Bunu önlemek amacı ile 
Snubber kapasitör kullanılır. Bu uygulamada 2.2uF 1000VDC snubber, ve 2 adet 2200uF 400V 
elektrolit kondansatör kullanılmaktadır. 
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Tablo 1. Dijtial Hall Sensör Sinyaline Göre PWM Çıkışlarının Tablosu[5] : 
HALL Effect Sensör Girdileri TİM1 PWM Kanal Çıkışları 

HALL A HALL B HALL C CH1 CH2 CH3 
1 1 0 0 PWM N_PWM 
0 1 0 N_PWM PWM 0 
0 1 1 N_PWM 0 PWM 
0 0 1 0 N_PWM PWM 
1 0 1 PWM N_PWM 0 
1 0 0 PWM 0 N_PWM 

1/0 1/0 1/0 0 0 0 
 
 
ACPL-332J kapı sürücünün Uygulanması 
Kapı sürücüleri güç elektroniği uygulamalarında ihtiyaçtır. Birçok tipte kapı sürücüleri 
bulunmaktadır. Bunlardan biri ve bu uygulamada kullanılan kapı sürücü tipi izolasyonlu kapı 
sürücülerdir. İzolasyonlu kapı sürücüler ile,^([6]) yaşanabilecek bir aksilikte kontrol kartının zarar 
görmesinin önüne geçilmiştir. Sürücünün sağlıklı çalışması için çeşitli yöntemler kullanılmaktadır. 
Bunlardan ilki izole besleme yöntemidir. Bu yöntemle her kapı sürücü ayrı ayrı beslenmekte ve 
kaçak indüktanstan dolayı anahtarlama elemanlarının emitter uçlarında oluşabilecek farklı 
durumlarda, yaşanabilecek problemlerin önüne geçilmiştir. Bir diğeri ise, kapı sürücülerinin +15/-
15V ile simetrik olarak beslenmesidir. Bu yöntemle anahtarlama elemanı hızla iletimden 
çıkarılabilmekte, bu şekilde istenmeyen 2 anahtarlama elemanın aynı anda açık olması durumunda 
oluşabilecek bir kısa devre durumunun da önüne geçilebilmektedir. Aynı zamanda yüksek akım 
basabilen bir kapı sürücü ile gecikme olmaksızın anahtarlama elemanı iletime geçebilmektedir. 
 
İleri seviye güç kontrolünde oluşabilecek aksilikleri önlemek amacı ile 2 metoda daha 
başvurulabilmektedir. Bunlardan ilki desaturation metodu ile korumadır. Bu metodda anahtarlama 
elemanı normal çalışmada Cblank kapasitörünü boşaltacağı için desat ucundaki gerilim düşük 
seviyelerde olacaktır. Ancak kısa devre veya anahtarlama elemanın çalışabileceği akım 
değerlerinden yüksek akım geçmeye başladığında Cblank şarj olup belli bir zaman sonra eşik 
gerilimini aşacaktır. Bu durumda kapı sürücü kısa devre korumasına geçecektir ve anahtarlama 
elemanı yüksek akımdan korunabilecektir. 
 
İkinci koruma metodu ise miller clamp metodudur. Anahtarlama elemanı hızlı bir şekilde 
iletimden çıkarken kaçak kapasite üzerinde istenmeyen gerilimler oluşur. Bu gerilimler bazen 
anahtarın kontrolsüz bir şekilde açılmasına sebep olabilir. Kontrolsüz açılan anahtarlama elemanı 
yüzünden, istenmeyen akımlar anahtarlama elemanı üzerinden geçebilir ve anahtarlama elemanı 
zarar görebilir. Bunu önlemek için, Vclamp ucu anahtarlama elemanın kapısına direkt bağlanır ve 
sürücü elemanı iletimden çıkarıldığında, kapı ucu gerilimi anahtarlama elemanın iletim eşiğine 
gelmeden önce, kapı sürücü içerisindeki yapı devreye girer ve anahtarlama elemanın kontrolsüz 
iletime geçmesinin önüne geçilir. 
 
İkinci ve daha alt seviye başlıklar 10 pt. ve kalın harflerle yazılmalıdır. Tablolardan, şekillerden 
ve alt seviye başlıklardan önce ve sonra da birer satır boşluk bulunmalıdır. Tablo ve şekil 
açıklamaları sayfaya ortalı şekilde hizalanmalıdır. Tablo içi metinlerin büyüklüğü için herhangi 
bir kısıtlama bulunmamaktadır. 
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Şekil 1. ACPL-332J uygulama şeması.[7] 

 
3.BULGULAR 
Tasarlanan sürücü bir fırçasız DC motor üzerinde test edilmiştir. Osiloskop ile motorun fazlar arası 
gerilimi gözlemlenmiştir. Örnek olarak A-B fazları arası gerilimi şekil 3 te gösterilmiştir. Sinyalin 
salınım seviyesi oldukça düşüktür. Sürücüyü test etmek için kullanılan fırçasız doğru akım 
motorunun özellikleri tablo 2 de verilmiştir. 
 

Tablo 2. Sürücüyü test etmesi amacı ile kullanılan motorunun özellikleri 
Terminal Gerilimi 10V 

Çıkış Gücü(P) 1kW 
Çift Kutup Sayısı(p) 13 

Faz Sayısı 3(yıldız bağlantı) 
Yüksüz Hız(ω) 250 

Nominal akım (𝐼𝐼𝑛𝑛) 120A 
 
Yukarıdaki özellikleri verilen motor ile sürücü test edilmiştir. Test başarı ile tamamlanmıştır. Faz 
çıkışları osiloskop, faz akımları ise pens ampermetre ile ölçülmüştür. Deney düzeneği, test motoru 
ve test edilen sürücü devresi şekil 3’te görülmektedir.  
 

 
Şekil 2. Test motoru, Sürücü ve test düzeneği 

195



Fazlar arasında PWM sinyali oluşan gerilimin şekli osiloskop aracılığı ile ölçülmüştür. Test 
aşamasında osiloskop aracılığı ile yapılan ölçümün sonuçları şekil 3’te görülmektedir. BLDC 
motorun ideale yakın bir kare dalga ile sürüldüğü osiloskop ekranında gözükmektedir. Osiloskopta 
gözüken A-B fazları arası (VAB) besleme gerilimidir. 
 

 
Şekil 2. VAB gerilimi osiloskop dalga şekli görüntüsü 

 
4. SONUÇLAR 
Bu çalışmada ACPL-332J kapı sürücü ve IGBT modüller ile yük altında çalışan fırçasız DA motor 
sürücü uygulaması gerçekleştirilmiştir. Testler başarı ile tamamlanmıştır. Desaturation ve Active 
Miller Clamp gibi koruma metotların uygulanması ve etkileri üzerine bir çalışma 
gerçekleştirilmiştir. Yapılan deneyler, sürücü ile yük altında çalışan fırçasız doğru akım 
motorlarının güvenli bir şekilde sürülebileceğini kanıtlamaktadır. 
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Abstract 
 

Copper is the most widely used metal in the field of electricity transport. For a large production 
of copper, casting is the most suitable process. The production of copper wires is carried out by 
continuous casting which is a simple and economical method. In this paper, continuous casting 
production techniques will be presented. In particular, the vertical continuous casting will be 
detailed. The metallurgical parameters and problems of the production of copper wires will also 
be presented. Some solutions for these issues were suggested. 

 
Keyword: Copper, Continuous casting, Solidification, Parameters 
 
1. Introduction 
The growing demand for electricity due to the increase in population and the expansion of the 
construction industry is mainly driving the copper wire market. This is further attributed to the 
increasing demand for consumer electronics devices, such as mobile devices, telecommunication 
tools, wearable devices, entertainment devices, etc.[1]. Copper has been and will continue to be 
vital for power transmission and heat transfer applications. Copper has the best electrical 
conductivity of all industrial metals except silver (noble metal) and is widely available at a 
reasonable cost. The ductility of copper allows it to be processed into wire bars and other shapes 
required for electrical system components [2]. Thousands of tons of copper are produced each 
year as rods, tubes, rods and other products of various cross sections in the casting-extrusion-
drawing processes.In the production of ferrous and non-ferrous metals, copper can be cast in 
various forms. This can be done in two ways:  in molds, or by continuous casting (CC). 
 
In 1857, Henry Bessemer devised a continuous casting production method for sheet steel. Since 
then, continuous casting has become the main technique for casting steel. Copper today is 
continuously cast using a design similar to that of steel casting. Continuous casting is a process 
of melting and continuous solidification. Continuous casting avoids some intermediate steps 
such as ingot casting, sawing, preheating and hot rolling normally required to reduce ingot 
dimensions. 
 
2. Continuous Casting 
Continuous casting processes are divided into two main types, vertical and horizontal continuous 
casting processes. Figure 1 shows a typical diagram of the continuous casting process. The heart 
of a continuous casting machine is the mold. The molten metal is poured from the ladle through 
an inlet nozzle submerged in the tundish, which maintains a constant height for the molten metal 
to flow into the continuous casting mold. The mold is an open tube into which metal is poured 
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[3]. The liquid metal is protected either by a gas, inert or reducing, or by a molten compound. 
The melt is poured into a cooled mold. The casting speed is equal to the solidification speed. The 
cast wire is then cooled after leaving the mold and if necessary cut into pieces by an automatic 
displacement saw. Cutting cannot be done until the wire is completely solidified [4 ]. 
 

 
Figure 1. Typical diagram of the curved continuous casting process. 

 
In most cases the mold is in vertical oscillation which facilitate lubrication and to pick up any 
tears in the skin during bonding, but it causes the formation of defects on the surface of the 
solidified metal, called oscillation marks. The oscillation marks appear as grooves perpendicular 
to the pouring direction. The oscillation marks can be used as an initiation point for cracks [3].  
 
3.Manufacturing of Copper Wire 
In this part, the fabrication of copper wire will be presented. The process which is adopted by 
several factories involves two successive processes. The first is the vertical continuous casting 
followed by the wire drawing process to reduce the section of the wire (Fig.2). The wire obtained 
from the continuous casting is called wire rod. The production of this wire begins with the 
insertion of a copper rod into the copper liquid bath through a channel (1) in which water 
circulates to cause cooling of the liquid metal drawn through this channel (2). The driven wire 
will pass through a pulley and then undergo the wire-drawing process (3) in order to reduce its 
section (4). 

 
Figure 2. Manufacturing of copper wire by vertical continuous casting. 
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4. Main casting parameters 
The quality of continuously cast copper wire is largely dependent on the microstructure as well 
as mechanical properties such as tensile strength and percent elongation. Electrical conductivity 
for wires intended for carrying electricity is an important characteristic. The control of the grain 
structure, which develops during the solidification process, is a key issue for the optimization of 
the final mechanical properties. These can be improved by analyzing and optimizing process 
parameters during the casting process, such as [ 5]: 
 
– Cooling water flow rate: 
 Water flow rate is known to affect the structure formation during solidification. For 
example, when the cooling rate is fast, many more clusters develop and each grows rapidly. As a 
result more grains form and the grain size in the solid metal is finer [6,7]. According to the 
literature[5]: 
 

• Low cooling rate result in less homogeneous micro-structure.  
• When the cooling rate is fast, many more clusters develop and each grows rapidly. As a 

result more grains form and the grain size in the solid metal is finer 
• Therefore, faster cooling rate will provide a harder material whereas slower cooling rate 

will make the softer material.  
 

– Casting speed: 
 Casting speend is a critical parameter in casting process. From industrial aspect, the lower 
the casting speed, the larger the grains found and vice-versa. Lowering casting speed results in 
an increase in material conductivity. For example, typical speeds of 1.0- 2 M/min are normal for 
20mm diameter Cu-OF-1 copper rod and 3 – 5 M/min for 6 & 8mm diameter rod [ 8]. It has been 
found, for oxygen free copper obtained under industrial conditions, an increase in tensile strength 
was observed with a decrease of casting speed [5]. Experience has shown that success in 
achieving good quality castings depends on avoiding slow cooling rates [9]. 
 
– Melt temperature :  
For this parameter, we have two possibilities : 

• For high casting temperature, formation of holes, and the solubility of oxygen, hydrogen 
and other gases in the copper liquid increases.  

• For low casting temperature, some defects can be formed in the copper wire, such as 
porosity and component segregation.  

For these reasons, the casting temperature is generally controlled at 1120 ̊C ± 10 ̊C, and the 
tundish temperature of the production line is between 1110  ̊C and 1150 ̊C. 
 
4. Fabrication challenges 
Manufacturers of copper wire can face several challenges either in the continuous casting or in 
the wire drawing process. The main challengers are: 
 
- Surface quality of the wire after casting process 
- Inclusions, pores and segregation in the wire after casting process (Fig. 2). Most metals (tin, 
iron, nickel, aluminum, silicon, cobalt, arsenic) form intermetallic compounds with copper which 
reduce ductility and some other mechanical properties of the alloys.  Oxygen is a harmful 
impurity since in case of its large content, electrical and thermal conductivity, plasticity and 
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corrosive properties are sufficiently reduced.In casting process, Boron is an effective deoxidizer 
for copper, while it has no negative effect on electrical conductivity  [  ].  
 

  
Figure 2. Cross section view of copper wire produced by vertical casting process. 

 
- Cracks of the wire during wiredrawing process. It is also know that the main cause of initiation 
of hot cracks is saturation of the melt copper with hydrogen and formation of microspores during 
crystallization of copper.  
 
5. Conclusion  
In this scientific contribution, the manufacture of copper wire by continuous casting was 
introduced. The parameters of this process have been listed and we have shown the importance 
of each parameter such as cooling water flow rate, casting speed, and melting temperature. In 
addition, the challenges of producing copper wires were discussed. The main challengers are the 
cracks observed in copper wire which can be due to high solubility of oxygen.  Oxygen is 
considered as a harmful impurity since in case of its large content, electrical and thermal 
conductivity, plasticity and corrosive properties are sufficiently reduced. The appropriate 
solution for this problem is the use of boron in copper liquid, because it is an effective deoxidizer 
for copper. 
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Özet 
 
Dubleks paslanmaz çelikler günümüzde başlıca petrokimya tesisleri, endüstriyel su arıtma 
sistemleri, köprüler olmak üzere birçok alanda artarak tercih edilmektedir. Dubleks paslanmaz 
çeliklerin yapısında yaklaşık eşit oranlarda ferrit ve östenit fazları bulunmaktadır. Dubleks 
paslanmaz çelikler, üstün korozyon dirençleri ve tatminkar mekanik dayanım özellikleriyle öne 
çıkmaktadırlar. Bu çalışmada; 3 mm kalınlığında ve 10x25 mm ebatlarında S32205 dubleks 
paslanmaz çelik plakalar hazırlanmış, çeşitli ısıl işlem sıcaklıklarının mikroyapısal değişikliklere 
ve mikro-sertlik özelliklerine etkileri incelenmiştir. 815°C ‘den doğrudan oda sıcaklığına 
soğutulan numunelerde sigma fazı oluşumundan dolayı en yüksek sertlik değeri gözlenmiştir. 
 
Anahtar kelimeler: Dubleks Paslanmaz Çelikler, Çözeltiye Alma Isıl İşlemi, Dubleks Paslanmaz 
Çeliklerin Mikro-yapıları. 
 
1.Giriş 
Dubleks paslanmaz çelikler, nikel ve krom temel alaşım elementleri içerirler. Krom; ferrit faz 
yapısını, nikel ise östenit oluşumunu kararlı hale getirmektedir. Dubleks paslanmaz çeliklere ilave 
edilen azot elementi, östenit oluşumunu desteklemektedir [1]. Dubleks paslanmaz çelikler ferritik 
paslanmaz çeliklerin sahip olduğu yüksek gerilim korozyon direncine ve östenitik paslanmaz 
çeliklerin yüksek süneklik, tokluk ve yeterli kaynak kabiliyetine bir arada sahiptirler [2]. Dubleks 
ikili faz yapısından ve yüksek krom ve molibden içeriğinden dolayı çukur korozyonuna, çatlak 
korozyonuna ve gerilmeli korozyon çatlağına karşı tatminkar dirence sahiptirler [3]. Dubleks 
paslanmaz çelikler, yeterli düzeyde mekanik ve korozyon dayanımı özellikleri sergilemelerinden 
dolayı bu iki hususun birlikte arandığı uygulamalarda güvenli kullanım olanağı sağlarlar [4]. Bu 
alaşımlar, günümüzde gıda sektöründe de artan miktarlarda tercih edilmektedirler [5]. 
 
Dubleks paslanmaz çelikler, Fe-Cr-Ni üçlü faz diyagramından faydalanılarak geliştirilmişlerdir. 
Yapılarında dengeli miktarlarda bulundurduğu bu temel fazlar dışında ısıtma ve soğutma 
şartlarında ayrıca sigma ve chi gibi çeşitli ikincil fazlarda oluşabilmektedir [6]. Dubleks paslanmaz 
çelikler yapılarında, birincil (δ ve ɣ) ve ikincil (ɣ2, σ, χ, π, karbürler ve nitrürler) fazları 
bulundurabilmektedir. Yüksek sıcaklıklarda yapıda oluşan bu ikincil oluşumlar, metaller-arası 
fazlar olarak karşımıza çıkmaktadır [7]. Dubleks paslanmaz çeliklere uygulanan ısıl işlem 
sıcaklıkları ve soğutma hızları; sertlik korozyon dayanımı gibi temel özelliklerin, faz yapılarının 
ve çeşitli çökeltilerin ortaya çıkmasında rol oynayan önemli etkenlerdir [1, 2, 8]. 
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Dubleks paslanmaz çeliklere uygulanan ısıl işlemler sırasında oluşan ferrit-östenit faz oranına, tane 
sınırlarında çöken metaller-arası fazlara dikkat edilmeli, ısıl işlemler bu hususlar göz önünde 
bulundurularak tasarlanmalıdır [9]. İkincil fazların oluşumu malzemede ferrit-östenit dengesini 
değiştirmekte ve bu da mekanik ve korozyon özelliklerini etkileyebilmektedir [10]. Dubleks 
paslanmaz çeliklerde uygulanan ısıl işlem sıcaklıklarından oda sıcaklığına soğutma işleminde, 
artan soğuma hızının delta ferrit fazı oranı lehine bunun yanında östenitin ise aleyhine olacak 
şekilde sonuçlanmaktadır [1,2]. 
 
Bu çalışmada; 3x10x25 mm boyutlarında hazırlanmış olan S32205 dubleks paslanmaz çelik sac 
numunelerin farklı ısıl işlem koşullarının mikro-sertlik ve mikro-yapı üzerindeki etkileri 
incelenmiştir. 
 
2. Malzeme ve Deneysel Yöntemler 
Çalışmada, deneysel malzeme olarak 3x10x25 mm ebatlarında S32205 dubleks paslanmaz çelik 
numuneler kullanılmıştır. Deneysel malzemenin Spectromax Amatek Argon Spektral analiz 
cihazından elde edilen kimyasal kompozisyonu Tablo 1’ de verilmektedir. 
 

Tablo 1. S32205 alaşımının spektral analizi (% ağırlıkça) 
C Mn P S Si Cr Ni Mo Fe N Diğerleri 

0.032 0.83 0.023 0.0039 0.42 24.9 6.62 3.51 62.9 0.3 0.461 
  

Tablo 2. Isıl işlem koşulları 

Numune 
No. 

1. ön 
ısıtma 

Sıcaklığı 
(° C) 

1.ön 
ısıtma 
süresi 

(dakika) 

2.ön 
ısıtma 

sıcaklığı 
(° C) 

2.ön 
ısıtma 
süresi 

(dakika) 

Çözeltiye 
alma 

sıcaklığı 
(° C) 

Çözeltiye 
alma süresi 

(dakika) 

Soğutma 
ortamı 

Soğutma 
süresi 

(dakika) 

1 550 15 800 8 1040 3 Sakin hava 
Oda 

sıcaklığına 
kadar 

2 550 15 800 8 1040 3 Sakin su 
Oda 

sıcaklığına 
kadar 

3 550 15 800 8 1040 3 Sakin yağ 
Oda 

sıcaklığına 
kadar 

4 550 15 800 8 1040 3 
Sakin 
banyo 

(500° C) 
2 

5 550 15 800 8 1040 3 
(%4.5) 

Polimerli 
su 

Oda 
sıcaklığına 

kadar 

6 550 15 800 8 1040 3 
Sakin 
banyo 

(310° C) 
2 

7 550 15 800 8 1040 3 Sakin 
mazot 

Oda 
sıcaklığına 

kadar 

8 550 15 800 8 1040 3 
Sakin 
banyo 

(200° C) 
2 

9 550 15 - - 815  60 -- 
Oda 

sıcaklığına 
kadar 
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S32205 dubleks paslanmaz çeliğin ısıl işlem görmemiş hali ile ısıl işlemler sonrası mikro-yapısal 
incelemeleri yapılmıştır. Deneysel malzemelerin çözeltiye alma sıcaklığı 1040°C’de olarak 
seçilmiş ve 9 farklı koşulda ısıl işlem gerçekleştirilmiştir. Test numunelerine uygulanan 9 farklı 
ısıl işlem koşulları Tablo '2 de verilmiştir.  
 
2.1. Mikroyapısal İncelemeler 
Deneysel numuneler bakalite alma işlemlerinden sonra 240 ile 800 numara aralığında zımparalama 
kağıtları ile zımparalanmış ve 6µm elmas pasta ile parlatılmışlardır. Ardından elektrolitik dağlama 
yöntemiyle %20 NaOH çözeltisinde dağlanmıştır [11]. Test numunelerinin mikro-yapıları Leica 
marka 1000 kez büyütme kapasiteli metalurji mikroskobunda incelenmiştir. 
 
2.2. Mikrosertlik İncelemeleri 
Ham malzemenin ve ısıl işlem sonrası bütün test numunelerinin sertlikleri, HV10 kg yük altında 
vikers sertlik ölçme yöntemiyle laboratuar ortam sıcaklığında 22° C’de taranmıştır [12]. 
 
3. Deneysel Bulgular  
3.1. Mikroyapısal İncelemeler 
Ana malzemenin mikro-yapıları 
 

 
(a)                                      (b) 

Şekil 1. S32205 dubleks paslanmaz çeliğin (a) Boyuna (haddeleme yönü), (b) Enine (haddeleme 
yönüne dik) mikro-yapıları 

 
Şekil 1’de S32205 dubleks paslanmaz çeliğin (işlem görmemiş haliyle ana malzemenin) kullanıma 
sunulduğu haldeki mikro-yapıları görülmektedir. Haddelenmiş çeliğin tane yönlenmeleri 
görülmektedir.  
 
Açık renkli (beyaz) olan faz östeniti, koyu renkli (kahverengi) faz ise delta-ferriti (yüksek sıcaklık 
ferriti) ifade etmektedir. Östenit ve delta ferrit haricinde başka bir faz veya çökelti tespit 
edilmemiştir.Sakin havada soğutulan Numune 1'e ait mikro-yapı Şekil 2‘ de verilmektedir. 
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4. Sonuç 
Dubleks paslanmaz çeliklerde çözeltiye alma ve su verme (soğutma) teknikleri yardımıyla arzu 
edilen östenit-delta ferrit faz ve ikincil çökeltilerin dağılımının sağlanması sonucunda gereken 
sertlik ve korozyon dayanımı değerleri de ayarlanabilmektedir.  
 
Bu çalışmada kullanılan S32205 dubleks paslanmaz çeliğine farklı ısıl işlem ortamlarında farklı 
soğutma koşulları ile birlikte sigma gibi bazı zararlı çökeltilerin oluşma sıcaklıkları da düşünülerek 
ısıl işlemler uygulanmıştır. Bu alaşımların tedarik ediliş hali olan 1040°C’ de çözeltiye alma ve 
ardından suda su verme ısıl işlemi ile östenit ve delta ferrit faz dağılımının yakın değerlerde 
oluşturulduğu gözlenmiştir. Bu alaşımlarda, 800 °C civarındaki ısıl işlem veya kullanım 
sıcaklıklarında sigma fazı gibi sert ve gevrek bir demir-krom bileşiğinin toplam sertliği 
artırabildiği tespit edilmiştir. 
 
Sertlik tarama testlerinde; numunelerin tamamının sertlik değerlerinin birbirine yakın olduğu 
anlaşılmış ancak 815°C de bekletilerek darbe dayancını ve korozyon direncini de düşürebilen 
zararlı sert ve gevrek sigma fazı oluşturulan numunede sigma fazından dolayı sertlik değerleri 
diğer tüm deneysel numunelere göre daha yüksek tespit edilmiştir.  
 
Dubleks paslanmaz çeliklerde sigma ve benzeri çeşitli zararlı faz ve çökeltilerin oluşabildiği 
sıcaklık aralıklarına; ısıl işlem, kaynak, sıcak şekillendirme gibi termal uygulamalarda ve ilgili 
kullanım ortamlarında dikkat edilmelidir. 
 
Teşekkür 
Yazarlar, MKE Mühimmat Fabrikası Isıl işlem atelyesi personeline destekleri için teşekkür 
ederler. 
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Abstract 

Recently, Zinc oxide (ZnO) has become a commonly used material in dental applications owing 
to its semiconductor structure, biocompatibility and photocatalytic capability. It has been shown 
that ZnO reinforcement into dental resins increased their mechanical strength and enhanced the 
aesthetics, structural and antibacterial properties. In this work, ZnO nanoparticles were synthesized 
using the sol-gel process and coated with dimethyl aminohexadecyl methacrylate (DMAHDM), a 
quaternary ammonium methacrylate with antibacterial properties. The particles were calcined at 
500 and 800°C for 3h. The particles were then dispersed in subsequently prepared BisEMA-
TEGDMA co-monomer mixture, at a concentration of 2 wt. %.  After the addition of initiator and 
the co-initiator, the composites were light-cured.  The ZnO particles were characterized using x-
ray diffraction (XRD) and scanning electron microscopy (SEM). Photocatalytic degradation tests 
using methyl orange as a model dye was applied on the composites. Results indicated that 
DMAHDM-coating on ZnO resulted in enhanced photocatalytic activity up to 24h. A remarkable 
degradation was observed on the composite containing DMAHDM-coated ZnO calcined at 800°C 
for 3h compared to 500 °C for 3h. It was observed that not only DMAHDM, but also calcination 
had a profound effect on the photocatalytic performance.  

Keywords: Zinc oxide, Sol-gel, Methacrylate, Photocatalytic, Dental resin 

1.Introduction
In the last decades, research on hybridizing bioactive ceramics with nontoxic polymers has gained 
considerable interest for use in biomedical applications. Contrary to their fragile structure; low-
strength and durability of polymers, enhanced mechanical and functional properties of ceramic-
polymer hybrids increased the utilization potential of them in the biomedical field. High chemical 
inertness, aesthetic appearance and higher compression strength made them attractive in 
restorative dentistry [1]. These materials which form the matrix in the composite provided high 
mechanical strength, antibacterial effect, photocatalytic properties and biocompatibility [2].  

ZnO is a nontoxic, bioceramic material with photocatalytic capability that can be modified by 
controlling the particle morphology and size. It can be synthesized in various sizes and 
morphologies using several methods. Solvothermal and sol-gel methods are the most common 
methods for the production of ZnO structures. Compared to the solvothermal method, sol-gel 
method is the most economical and practical method providing control of the processing 
parameters such as pH, temperature, and the concentration of additives [3-5]. In this manner, sol-
gel derived ZnO has attracted a lot of attention with its photocatalytic degradation capability of 
pollutants including bacteria for use in self-cleaning applications [6-8].  
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On the other hand, DMAHDM is a quaternary ammonium methacrylate that is used as an 
antibacterial additive in dental restoration seals [9]. It increases the bonding efficiency of dentin-
restoration interface and can prevent biofilm formation by electrostatically attracting bacteria 
owing to its positive surface charge, and bursting the cell membrane [10]. Taking the antibacterial 
requirements in dental restorations to prevent biofilm formation into account, synthesis of hybrids 
with both antibacterial ingredients and photocatalytic capabilities holds a remarkable promise for 
developing dental restorations with prolonged service life. In this work, DMAHDM-ZnO hybrids 
were synthesized by sol-gel method following calcination and an additional solution step. ZnO 
particles with three distinct morphologies were produced and modified by 2 wt. % DMAHDM. 
Later on, the hybrids were dispersed in BisEMA-TEGDMA co-monomer. To test the 
photocatalytic degradation behavior of the particles and composites, methyl orange was used as a 
model pollutant.  
 

2. Materials and Methods 
Materials  
For the synthesis reactions, zinc acetate dihydrate (ZAD; Zn(CH3COO)2.2H2O; %, Sigma-
Aldrich 98 %379786) was used as the Zn source. Sodium hydroxide (NaOH; 98 %; Isolab969.113) 
was used as a catalyst. Ethanol (C2H5OH, 99.9%, Sigma-Aldrich 32205) and. deionized water 
(RNAse free, Human ) were used as solvent and the dispersing medium. BisEMA (Sigma-
Aldrich 455059) and triethylene glycol dimethacrylate (TEGDMA; Sigma-Aldrich 261548) were 
used as dental monomers. Camphorquinone (CQ, Sigma-Aldrich 124893) and 2-
(Dimethylamino)ethyl methacrylate (DMAEMA, Sigma-Aldrich 234907) were used as the 
initiator and co-initiator, respectively for the polymerization reactions. 1-Bromohexadecane 97% 
(BHD; Sigma-Aldrich 234451) was used to synthesize DMAHDM. Methyl Orange (MO; 85%, 
Merck 114510) was used as a model pollutant in photocatalytic degradation tests. 
 
Synthesis of ZnO particles 
12 g of ZAD was dissolved in 15 mL DI water and stirred 10 min at 500 rpm. After 8 g NaOH was 
dissolved in 10 mL DI water, NaOH solution was poured into ZAD solution. Then the solution 
was stirred for 5 min. After that, 100 mL ethanol was added dropwise and the solution was kept at 
75°C for 1h. Lastly, the precipitate formed in the solution were dried at 90°C overnight.  The 
sample was coded as B5. After calcination at 500 and 800 °C for 3h, the samples were coded as 
B5K5 and B5K8, respectively. 
 
Synthesis of DMAHDM 
Using the Menschutkin method, 10 mmol BHD and 10 mmol DMAEMA were dissolved in 3 g of 
ethanol, respectively in 20 mL autoclavable glass bottle. The solution was kept at 70°C for 24h. 
Then ethanol was evaporated from the solution and viscous liquid was obtained [12]. 
 
DMAHDM modification of ZnO 
0.75 g of ZnO (B5, B5K5 and B5K8) particles were added into 2 mL of DMAHDM and sonicated 
in an ultrasonic water bath at 50°C for 30 min. The mixture was stirred for 12 h at the same 
temperature then it was dried in an oven at 50°C for 5h. After DMAHDM-modification, sample 
codes were modified with letter D5, DB5K5 and DB5K8. 
 
Production of DMAHDM modified ZnO reinforced BisEMA-TEGDMA Composites 
In a typical composite synthesis, 3.6 g BisEMA and 2.4 g of TEGDMA was mixed at room 
temperature. When the monomer mixture became homogeneous after 10 min of stirring, 
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DMAHDM-ZnO particles DB5 was dispersed 2 wt. % and composite monomer was stirred at 800 
rpm for 1h. Lastly, 0.06 g CQ and DMAEMA were added in the mixture and stirred additionally 
for 30 min. After that, it was transferred into molds made of silicone rubber and polymerized from 
their top surfaces using UltraDent Valo LED light for 40 s. The same procedure was applied on 
DB5K5 and DB5K8 incorporated composites. 
 
Characterization and Testing 
The ZnO particles were analyzed by XRD using Bruker D8 Advance X-ray diffractometer. 
Samples were scanned at 2°/min scan rate in 20°–60° 2-theta range using monochromatic Cu-
Kα radiation at 40 kV. The ZnO particle morphologies were investigated by SEM.  
 
For the photocatalytic testing, the concentration of mother MO solution was prepared 5 mg/L. The 
specimens were put in 50 mL MO solution and isolated from day light by keeping them under dark 
in a UV-lamp (365 nm) equipped box. The distance between solution surface and UV-light was 
set to 40 cm. Specimens were first stirred under dark for 30 min for obtaining adsorption-
desorption equilibrium. Next, UV-light was switched on and the solutions were continuously 
stirred at room temperature. For testing of particles, 4 mL aliquots were taken after 1h, 3h and 5h 
and syringe-filtered. For testing of composites, 4 mL aliquots were taken 1h and after 24h. The 
maximum absorbance (λmax; chromophore) of MO is at 465 nm [13]. The behavior of degradation 
was observed by monitoring A compared to A0 vs. time (A is the absorbance at 465 nm at time = t 
and A is the absorbance of pure MO solution at 465 nm at time = 0).  
 
3. Results and Discussion 
The XRD patterns of synthesized particles are shown in Fig. 1. Results demonstrate that the 
particles were composed of ZnO (ICDD: 80-0075) with some impurities [14-15]. After calcination, 
there was remarkable change occurred in the crystalline structure, except for the growth of (103) 
plane (at 66.80°). The morphology of the particles was investigated in the SEM images at Fig. 2. 
The B5 sample (before calcination) did not exhibit a significant morphology; mainly composed of 
agglomerated sheet-like irregular particles. Whereas, calcination at 500 °C for 3h (B5K5) resulted 
in the formation of nanofibers self-assembled in an urchin-like morphology in microscale 
diameter. Increasing the calcination temperature (B5K8) increased the free energy and promoted 
growth, therefore caused the nanofibers to attach themselves possibly on their high-energy 
surfaces, leading to formation of irregular chunks made of ZnO nanofibers and the impurities. 
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Fig.1. XRD patterns of a) B5, b) B5K5 and c) B5K8 
 

 
Photocatalytic degradation capability of the ZnO particles is compared in Fig. 3. Fig.3a shows the 
change in absorbance of MO at 465 nm, after exposure to ZnO with respect to change in time. At 
time=0, the MO absorbance was at 0.48. Before UV-light was on, it did not change in time, 
meaning that no remarkable surface adsorption of MO was occurred on ZnO particles. As the light 
was on, the absorbance decreased slightly, indicating that B5 particles exhibited weak capability 
of MO degradation. It is known that the photocatalytic effect depends on the crystal structure, size, 
shape and porosity of the particle [16-17]. In this manner, as shown in Fig. 3b and 3c calcination 
resulted in fluctuations in degradation, possibly because of the presence of agglomerates and the 
impurities. B5 showed the highest and most stable performance after 5h. No appreciable 
absorbance was observed in the calcined samples after 5h. 
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Fig. 2. SEM images of a) B5, b) B5K5 and c) B5K8 

 

 
Fig. 3 MO dye adsorption of ZnO particles a) B5, b) B5K5 and c) B5K8 

 
The photocatalytic degradation behavior of DMAHDM-modified ZnO incorporated (2 wt.%) 
composites were tested for 24 h and results are shown in Fig.4. Results indicated that the 
degradation performance of B5 decreased after modification with DMAHDM and incorporation 
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into the copolymer. It was possibly related to the inhibition of electron-hole mobility that was 
required for formation of the free radicals that degrade the pollutant on the surface. Surprisingly, 
composites of calcined samples showed more significant performance after 24h possibly because 
of less agglomeration leading to better dispersion in the matrix.  

 
Fig. 4 MO dye degradation behavior of composites a) DB5, b) DB5K5 and c) DB5K8 

incorporated BisEMA-TEGDMA  
 

4. Conclusions 
This study aimed to obtain a novel composite structure by hybridizing ZnO with antibacterial 
DMAHDM, and then incorporating them into BisEMA-TEGDMA resin composition. The 
photocatalytic capability of both the particles and composites were determined. It has also been 
observed that when the particles dispersed in the composite after calcination, they increased the 
photocatalytic performance. Results indicated that DMAHDM-modified ZnO particles, 
themselves and after incorporation into dental resins, show a significant promise for self-cleaning 
ability.  
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Abstract 
 
Electrodes used for supercapacitor applications are generally rigid. However, flexible electrodes 
could be also fabricated. New developments in wearable technology require electrical energy for 
example smart watches, smart glasses, smart bracelets, headgears, smart belts need electrical 
energy to operate. Flexible electrodes are convenient for these wearable technology devices as 
they are lighter than conventional electrodes and they can be easily produced in various shapes. 
The main motivation of this work is to fabricate flexible electrode by using inexpensive materials 
and methods. Cobalt and copper metals were individually electrodeposited on graphite filament. 
The specific capacitance of Co based electrode on graphite filament) was 90 F g-1 at the scan rate 
of 5 mV s-1. A low-cost carbon with metals-based coating was developed on the basis of simple 
fabrication method. 

 
Keyword: Cobalt, Copper, Electrodeposition, Graphite, Flexible. 
 
1. Introduction  
Energy can be produced from nonrenewable energy sources (including coal, oils, and natural gas) 
and renewable energy sources (including sun, wind, and hydroelectric). Non-renewable energy 
sources can be directly used whenever needed in some of the machines, cars, vehicles. However, 
renewable energy production depends on many parameters like location and climate [1]. 
Renewable energy sources could have low efficiency and low power densities. Additionally, 
energy could be used at a different time. Therefore, renewable energy is required to be stored. 
Electrical energy is the most common energy type in use because we produce electrical energy 
from almost all non-renewable and renewable energy sources. Produced energy can easily be 
transferred to a place of demand by energy transmission lines. Transferred electrical energy can 
be converted to needed energy types, light, sound, heat, kinetic, etc. Electrical energy storage is 
important for portable devices; vehicles and stationary energy sources. Several types of energy 
storage systems could be found and energy can be mainly stored electrochemically [2], 
electromagnetically [3], thermodynamically [4], and mechanically [5]. Some of the energy storage 
systems are shown in Figure 1. Supercapacitors, which are researched in this study, are the types 
of electrochemical cells. 
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Figure 1. Diagram of electrical energy storage systems 

 
Electrical energy storage is crucial for human life when there are natural disasters, like 
earthquakes, floods, hurricanes, and tsunamis because electrical energy supply centers or 
transportation lines could be damaged in these types of disasters. Energy storage devices are 
essential for hospitals and companies where power cuts could result in the loss of many people’s 
life and data. Electrical energy storage systems are also helpful to reduce energy costs. The 
electrical energy usage rate is changing during the day and/or days of the week, so energy can be 
stored during off-peak times while it is cheaper in energy storage devices [6].  

 
Figure 2. Ragone plots for energy storage devices  

 
Supercapacitors, are also called ultracapacitors, could store charge electrostatically on high surface 
area electrodes. The main advantage of supercapacitors are long cycle life (high capacitance 
retention after long charge-discharge cycles), high power density and they could be built with 
environmentally friendly components (electrodes and electrolytes) [7]. They usually store less 
energy compared with conventional batteries but they can charge and discharge in a short timescale 
(typically within several seconds). They can store approximately 100 times more energy per unit 
of mass than electrolyte capacitors do [8]. The specific energy and power comparisons of some 
energy storage devices are illustrated by Ragone Plot in Figure 2. There are three types of 
supercapacitors; electric double-layer capacitors, hybrid capacitors, and pseudocapacitors 
(faradaic capacitors). Supercapacitors have many advantages over batteries as supercapacitors 
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have short charging time [9], long cycle life [10], high specific power [11], longer service life [12], 
and wide operation temperature range during charge-discharge [13]. However, the weaknesses of 
supercapacitors compared to lithium-ion batteries could be low specific energy and high costs.  
 
Electrodeposition, also known as electroplating, is the process of material growth onto a 
conducting surface from a solution including a salt. This technique is commonly used to obtain 
thin films on the surface of an object to change its surface properties. Basically, electrodeposition 
system has three components: electrode, electrolyte, and a power supply. The electrolyte is the 
source of ions that will be deposited on the electrode in a solid form. Thickness and surface 
morphology can be controlled in this technique [14–16]. This method is easy to apply and a cheap 
method and can be scalable [17–19]. A Three-cell electrode system (explained below) will be used 
for electrodeposition in this study. Cobalt and copper were electrodeposited from an electrolyte on 
a graphite surface.  
 
2. Materials and Methods 
Firstly, ethaline electrolyte was prepared for electrodeposition medium of metals. Merck 
Company’s (Germany) choline chloride (139.62 g mol-1) and ethylene glycol (62.07 g mol-1) were 
used to obtain ethaline. Alfa Aesar Company’s (Germany) cobalt (II) chloride hexahydrate (98%) 
was used for the cobalt coating study. 0.02 mole (4.76 gram) of cobalt (II) chloride hexahydrate 
(237.93 g mol-1) was added to ethaline (until having 100 ml solution) and 0.2 M CoCl2 in ethaline 
was prepared. Merck Company’s (Germany) copper (II) chloride (98%) was used for copper 
deposition. 0.02 mole (2.69 gram) of copper (II) chloride (134.45 g mol-1) was added ethaline by 
completing 100 ml solution in order to have 0.2 M Cu2+ in Ethaline. KOH electrolyte was used as 
cycling electrolyte with cyclic voltammetry. 0.5 mole (28.05 gram) of potassium hydroxide (56.11 
g mole-1) (Merck, Germany) was added to some distilled water until the volume of the solution 
became 500 ml water was added to the mixture and 1 M KOH electrolyte was obtained. Platinum-
coated titanium counter electrode and silver wire reference electrode were used for the deposition 
of cobalt onto graphite filament. 
 
DowAksa Company’s (Turkey) Aksaca brand 3000 K (3000 fibers on cross-section of the rope) 
carbon fibers were used as graphite filament illustrated in Figure 3. The base material of the 
electrode in this study was 99.9% pure carbon filament. 1000 meters of this graphite filament is 
200 grams and mass per unit length is 0.002 gram per centimeter. Cobalt and copper were coated 
on graphite filament separately from ethaline including cobalt and copper salts, respectively. For 
obtaining cobalt coated graphite filament, the filament was immersed in 0.2 M of Co in ethaline 
and -1.6 V static potential was applied for 500 seconds by using AMATEK Company’s (USA) 
VersaSTAT 3, Princeton Applied Research model potentiostat. 0.2 M of Cu in ethaline and 
constant -1.1 V potential (applied for 500 seconds) was used for copper-coated graphite filament. 
Ethaline was on the heater with a temperature of 60 °C during electrodeposition of both metals. 
All samples were produced in the same process for analysis. 
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Figure 3. Photo of flexible graphite filament 

 
3. Results and Discussion 
Electrolyte which must be a conductor substance is the medium that anode and cathode are 
immersed in to perform a required reaction. Current and ions in the electrolyte can be controlled 
with help of external electrical power and hence a material can be tailored through a redox reaction 
[20–22]. The electrolyte is an important component in energy storage devices as it can cause 
reaction change. Therefore, the physical properties of electrolytes including flammability, toxicity, 
volatility are important during the production of electrodes and cycling of electrodes [23–25]. 
However, the types of electrolytes used so far are limited as aqueous and organic electrolytes are 
commonly used and the physical properties of these conventional electrolytes could not be 
changed easily. In order to increase the numbers of electrolytes and control the physical properties 
of electrolytes, a novel type of electrolyte called ionic liquid electrolyte has been commonly 
studied for electrochemical applications, recently [26–28].  
 
Ionic liquid's first description has been made by Paul Walden in 1914 [29]. Ionic liquids are salts 
in liquid states or salts whose melting point is below 100 °C. This is the main difference between 
ILs and conventional molten salts because classical salts melt at higher temperatures. Molten salts 
are used for some metal reduction (including lithium, sodium, and titanium) because they are 
conductive and have wide potential windows [30]. However, melting temperature and extreme 
operational requirements limits the use of molten salts. Normal liquids such as water or alcohols, 
mostly consisting of neutral atoms, but ILs are mostly composed of ions (cations and anions). For 
the last two decades, ionic liquids have attracted researchers’ attentions [31–33]. Ionic liquids have 
high conductivity [34], wide potential window [35], wide thermal stability [36], large liquid phase 
range (-100°C to 400 °C) [37]. Ionic liquids can also be useful if they are non-volatile, non-
flammable, and non-toxic. 
 
Bare graphite filament and cobalt coated graphite filament electrodes were immersed in 1 M KOH 
and cyclic voltammogram technique was then applied and the results are represented in Figure 4. 
This graph clearly indicates that bare graphite filament had no significant current when cycled in 
1 M KOH between -0.2 V to 0.5 V at a scan rate of 50 mV s-1. When the same conditions were 
applied to cobalt coated graphite filament electrodeposited from Ethaline medium at -1.6 V, both 
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oxidation and reduction peaks were observed in KOH electrolyte as seen in Figure 4. From this 
result, it can be deduced that cobalt-coated graphite filament can be a promising electrode for 
supercapacitor applications. Therefore, the electrochemical performance of the cobalt-coated 
graphite filament at many scans and different scan rates was investigated.  
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Figure 4. Cyclic voltammogram graph of bare and cobalt coated graphite filament cycled in 

KOH at 50 mV s-1 

 
Cyclic voltammogram results of cobalt coated graphite filament electrodes at different scan rates 
(200 mV s-1, 100 mV s-1, 50 mV s-1 ,20 mV s-1, 10 mV s-1, 5 mV s-1) in 1 M KOH medium are 
illustrated in Figure 5. Electrochemical performance comparison makes sense when the current 
density was used. In order to obtain current density versus applied potential graph, the mass of 
immersed graphite filament was calculated. As 1000 meters of graphite filament’s mass was 200 
grams, the graphite filament was 0.02 g cm-1. Current values obtained by cyclic voltammogram 
were divided by 0.02 to find current density in A g-1 because 1 cm of filament was immersed and 
Figure 5  was obtained. Figure 5 illustrates that the maximum values of oxidation current density 
and reduction current density decreased upon decreasing the scan rate. This is consistent with the 
theoretical expectation because declining of scan rate means the rise of time and the increase of 
time could cause current drops and hence the decrease of current density.  
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Figure 5. Raw cyclic voltammogram data of cobalt coated graphite filament at different scan 
rates. 

 
Specific capacitances of cobalt coated carbon-based fiber electrodes were calculated for different 
scan rates and the results are illustrated in Figure 6. The specific capacitance of cobalt deposited 
graphite filament was 90 F g-1 when scan rate was 5 mV s-1 and 15 F g-1 when scan rate was 200 
mV s-1.  
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Figure 6. Specific capacitance versus scan rate for cobalt-coated graphite rope. 

 
The cyclic voltammetry graph presented in Figure 5 was used in order to elucidate the reaction 
mechanism between cobalt-coated flexible graphite electrode and alkaline electrolyte. Logarithm 
values of oxidation and reduction current peaks for cobalt coated graphite filament and logarithm 
values of scan rates were calculated and their graph demonstrated in Figure 7 was obtained. 
Gradients of both logarithms of oxidation and reduction current density peaks as a function of the 
logarithm of scan rate were close to each other as clearly seen in Figure 7. The slope of logarithm 
of oxidation current density peaks as a function of the logarithm of scan rate was calculated as 
0.64 and the slope of logarithm of reduction current density peaks as a function of the logarithm 
of scan rate was calculated as 0.67. This result concludes that the reaction mechanism of cobalt-
coated graphite filament is controlled by diffusion and surface controlled mechanism.  
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Figure 7. Logarithm of current density values against the logarithm of scan rate for cobalt coated 

electrode cycled in KOH media. 
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Bare graphite filament and copper coated graphite filament electrodeposited from ethaline by 
applying -1.1 V were immersed in 1 M KOH for cycling. The cyclic polarization was applied in 1 
M KOH between -0.8 V to -0.3 V at a scan rate of 50 mV s-1 and the resulting data are presented 
in Figure 8. This graph shows that both bare graphite and copper coated graphite had no significant 
current values and current values were close to each other. This result might occur because of the 
removal of the coating due to the washing and drying process. Having no significant oxidation 
or/and reduction values made it unnecessary to investigate the copper-coated graphite filament in 
ethaline medium for energy storage devices because uncoated and coated graphite had similar 
results. It is not necessary to coat graphite filament with copper.  
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Figure 8. Cyclic voltammogram graph of bare and copper coated graphite filament cycled in 

KOH electrolyte at 50 mV s-1. 
 

4. Conclusion 
The study was regarding the production of cobalt and copper coated graphite filament. Cobalt 
coated graphite filament electrodes has a specific capacitance of 90 F g-1 at the scan rate of 5 mV 
s-1 in 1 M KOH medium. It was observed bare graphite had no significant oxidation or reduction, 
so it can be concluded that this specific capacitance was the effect of cobalt coating on graphite 
filament. The slope of current density logarithm and scan rate logarithm values resulted that cobalt-
coated graphite filament electrodes in 1 M KOH medium had both diffusional and surface 
controlled mechanisms. Cycling voltammogram results showed that copper-coated graphite 
filament was not suitable for supercapacitor applications because there were no significant 
oxidation or reduction peaks. At the end of this study, it can be concluded that cobalt coating on 
graphite filament is an inexpensive and easy method in order to fabricate flexible carbon-based 
electrodes for supercapacitor applications whereas copper coating on graphite filament is not 
feasible to use for energy storage systems. The work presented in this proceeding was presented 
in Ali Tunç’s PhD thesis [38]. 
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Abstract 

 
Wear behavior of Poly Lactic Acid (PLA) and Thermoplastic Polyurethanes with carbon powder 
(TPU) CV60 materials is examined in this work. PLA and CV 60 components created using 
Fused Deposition Modeling (FDM) technic, one of the additive manufacturing methods. The 
model can be made with the most appropriate material for the desired mechanical properties 
thanks to the technology's wide range of thermoplastic materials. The tribological properties of 
these materials must be known and compared before they can be used as a final product. The aim 
of this study is to use FDM to determine the friction coefficient and wear behavior of PLA and 
CV60 parts manufactured using one of the additive manufacturing. Test specimens produced 
different infill density rates. The wear coefficient was determined using the pin-on-disc test, 
which was performed according to ASTM G 99. All materials were tested at the same 
temperature, with the same load, and in the same environmental condition. In this study, two 
different filling ratios of two different materials were investigated. As a result of the researches, 
it has been examined whether 3D printed products can be used as a final product or not, and the 
relevant results have been shared. 

 
Keyword: Additive Manufacturing, Wear, Coefficient of friction, Infill density 
 
1. Introduction  
FDM, the technology of the future, is an additive manufacturing technology developed to knit 
products from thermoplastic materials. The word, which consists of the initials of the words 
'Fused Deposition Modeling', is one of the first developed methods of layered production, that is, 
layered production. It is also used as FFF, one of the initials of the words 'Fused Flament 
Fabrication'. FDM is a ground-breaking technique that allows for faster printing and is less 
expensive than other 3D printing processes [1]. Consequently, its printers are now the most 
popular consumer-level 3D printers for producing polymer composites using extrusion A.M. [2]. 
A spool of thermoplastic material in the form of filaments is melted and then extruded using a 
heated nozzle in the FDM process [3]. The use of thermoplastics with higher melting 
temperatures as 3D printing materials has recently been possible [4]. 
 
The usage of thermoplastics in industrial applications, construction, and different vehicle 
components, such as door panels, dashboards, headliners, package trays, and interior pieces, has 
gotten a lot of attention in the recent decade [5]. Due to its numerous benefits, such as lower 
maintenance and setup costs, rapid part production, perfect tolerance, ease of manufacturing 
complex parts, and minimal post processing, A.M. has gained traction in both modern and 
academic fields[6].  
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Although they have many advantages, these materials are used in limited numbers as final 
products today. There are many reasons for this, one of which is that materials show lower wear 
behavior than materials used in industry. Functional use in machine elements has become 
popular in recent years. As a result, it's critical to look into the mechanical properties of these 
components. There are lots of studies on the wear characteristics of these parts in the literature. 
Fused Deposition Modeling has been used to study the wear behavior of polymers[1]. Recent 
technological advancements have increased the possibilities for products created using Additive 
Manufacturing techniques, particularly by FFF. It produces excellent results at a low cost. 
Fabrication is done with a variety of thermoplastic filaments. The required parts are designed in 
CAD software and then converted to STL files for inclusion in the machine. The filament is 
continually fed. The filament is extruded by the printer head when it is in the molten state. To 
form the required 3D part, the printer head moves back and forth in vertical and horizontal 
directions [7]. Researchers are looking for sustainable materials with improved mechanical and 
tribological properties due to friction and wear in a variety of engineering applications. Bad 
tribological practices result in significant energy losses, which could result in significant 
economic losses. Making surfaces smoother can reduce friction between sliding surfaces, but a 
super-smooth surface can be costly and may cause failure [4]. Material content has a significant 
impact on the functional performance of various engineered components. The wear mechanisms 
of various types of filament parts manufactured using FDM are investigated in this paper. The 
science of tribology is crucial for improving the dependability of materials and mechanical 
components[6]. Wear behavior is one of the tribological properties. In this study, we have 
worked on the wear behavior of PLA and CV 60 filaments. Pin-on-disc test was performed 
according to ASTM G 99 standards. 
 
The carbon and other active chemicals present in the material directly impact the mechanical and 
tribological characteristics of the material, according to Muammel M. Hanon's experiments on 
PLA and PTFE material. The laying angle of the test specimens retrieved from the 3D printer 
generated using the FDM technology has also been shown to have an influence. The term 
"before" or "after" the microscopic examinations was not used in the text, therefore it is unclear 
at what stage the experiments were done. Proportional expressions are not included in the wear 
tests, and it is not stated which methodology or procedure is used to quantify wear[7]. The 
mechanical and tribological characteristics of the samples, which will be utilized at various 
temperatures and environmental conditions, will be studied separately from this study using 
various filaments. 
 
It looks at the possibility of PP as a contender for FDM-based 3D printing. The complete 
filament manufacturing chain is assessed by printing test samples, starting with PP pellets and 
ending with filament synthesis via extrusion. This method is based on the use of the same high-
quality raw materials. A comparison has been done between the components produced via 
compression molding. The mechanical characteristics of printed samples, filament orientation, 
layer thickness, degree of filling, and material impact were all assessed. There were two types of 
PP tested: one with reinforcement and one without reinforcement. There were two types of PP 
studied: one with reinforcement and one without. The ability of conventional FDM to compete 
with manufacturing processes, particularly for tiny parts/components, has been demonstrated to 
be beneficial for serial production. Furthermore, because this technology allows for the 
manufacture of components with mechanical performance, it is not restricted to the creation of 
mock-ups and prototypes [8].   
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The coefficient of friction and wear rate of 3D printed PLA and CV 60 specimens were tested at 
room temperature under dry sliding conditions using the pin on disc technique [2]. The tests 
were conducted in compliance with ASTM G99 guidelines. Cast iron and steel were used to 
make the abrasive counter discs, which have varying surface roughness and hardness. The test 
performed on TURKYUS Pin- on test machine shown in Figure 4. The wear test parameters, as 
well as the specifications of counter discs and 3D-printed PLA and CV 60 specimens, are all 
included in Table 2 and all dimensions shown in Figure 3. 

 

 
 

Figure 3. Pin-on-disc Test Machine 
 

All test specimens was performed under the same environmental conditions. Due to the 
mechanical properties of the device, the test parameters on the part were changed to 15 N. The 
graphics of the test results are shared in the results section. 
 

 
Figure 4. Schematic of Pin-on-Disk Wear Test System [13]. 
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Table 3. Test Parameters 
Properties Levels 
Rotation Speed 250 rpm 
Track Diameter 6 mm 
Speed 79 mm/s 
Time 600 s 
Road 47122 mm 
Load 15 N 
Temperature 26°C 

 
3. Results and Discussion 
The wear and friction characteristics of 3D printed PLA and CV 60 filaments were examined 
using a pin-on-disc test machine under dry sliding circumstances. The coefficient of friction 
during a tribology test with a weight of 15 N as a function of sliding distance. From all specified 
sample criteria two were produced and tested. All result of specimens is shown as a graph in 
Figure 5,6,7,8. 

 

 
Figure 5. PLA Results for 20% Density Rate 
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Figure 6. PLA Results for 100% Density Rate 
 

233



 
 

Figure 7. CV60 Results for 20% Density Rate 
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Figure 8. CV60 Results for 1000% Density Rate 
 
Surface texture patterns offer a lot of promise in terms of increasing tribological performance by 
minimizing friction and wear [10]. Laser and injection molding are the most prevalent 
technologies for surface texturing. Because texture production via 3D printing is faster, more 
versatile, and less costly than previous approaches, it is also utilized to produce components, 
patterns, and molds with fine features for a broad range of applications. There has been no study 
on textured surfaces created by 3D printing to yet. As a result, improving friction and wear 
qualities using a novel manufacturing process based on 3D printing is a topic worth 
investigating. One of the essential criteria in the performance of long-term temporary 
restorations in the oral cavity is wear resistance. Wear, in contrast to material qualities such as 
elastic modulus, hardness, or flexural strength, is a system attribute arising from the complex 
interplay of many elements in the tribosystem employed in wear testing [11]. The results of the 
Pin-on-Disc test were obtained for both PLA and CV60. For the identical printing settings of the 
specimens, the wear rates, specific wear rates, and coefficient of friction are calculated. The wear 
rates were not homogeneous during the first few cycles of the test because the foreign substance 
and roughness of the specimen disrupted the contact between the specimen surface and the disc 
surface [12]. After a few cycles, the wear track disc removes the foreign materials and 
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roughness, which is known as the break in stage. The contact between the pin's bottom surface 
and the disc was enabled to acquire the genuine wear rates of the specimen. For a direct 
comparison of PLA and CV60 wear rates, the test data are displayed in a line chart. The wear 
rates, specific wear rates, and coefficient of friction of the specimens are displayed against their 
layer thickness, as well as the infill pattern for various infill densities. In terms of layer thickness, 
the infill densities and patterns of the PLA and CV60 printed specimens are compared [13]. 
Because layer thickness is directly related to wear rate, it also reduces the specific wear rate and 
coefficient of friction.    In this study, as can be seen in the graphics, a difference was observed 
between 20% pave rate and 100% pave rate. This difference is thought to have a lower wear 
coefficient as the material is more in contact with the abrasive tip on the pin-on-disc. Since 
graphs of both PLA filament and CV60 filament show similar results, the higher the fill rate, the 
lower the wear coefficient will be. The weights of the materials were measured both before and 
after the test, and no significant weight difference was detected. The reason for the absence of 
weight loss is assumed to be high elongation at break, taking into account that the materials are 
ductile. In addition, the wear coefficient of PLA filament against abrasion is higher than that of 
CV 60 filament. This difference shows that the use of PLA filament in applications that will 
show wear may be the reason for preference. This study was carried out under the same ambient 
conditions at the same temperature. In the next study, the wear behavior of materials under 
different temperature and ambient conditions will be examined. In the study, the test was started 
under the 10 N load specified in the asthma standards, and the test results are in the first results. 
The standards given in ASTM standards were changed and the test continued at 250 rpm under 
15 N load.As a result, at a sliding velocity of 79 m/s and a load of 15 N, it is proposed that 
printing with a minimum layer thickness and increased infill density with a grid pattern can 
achieve a low wear rate. The wear rate determines the coefficient of friction. It showed a lower 
wear behavior and a smoother behavior with a high fill rate.The PLA filament has a higher 
strength property and it is expected to show a higher behavior than the CV 60 filament in terms 
of durability [14]. As a result of these studies, it has been shown in the graphics that the PLA 
filament has a higher wear coefficient. 
 
4. Conclusions 
In this study, specimens were produced in Creality SR 10 3D printer. Analysis of wear behavior 
of 3D printed materials investigated with Pin-on-disc test method. In the test, specimens, 8 mm 
diameter and 25 mm high long, were performed on the ASTM G 99 -17 standards and results 
were compared. The test result was successful and it was seen that different tip type of materials 
could be available for final product. It has been concluded that the different type of materials 
with different infill density can provide varying outcomes with different filling rates, and the 
material's wear coefficient can vary depending on the application. When all of the data is 
considered, it is clear that the CV 60 filament has a greater wear coefficient than the PLA 
filament. 
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Abstract 
 
Electrochemical capacitors, also mostly known as supercapacitors, could be novel energy storage 
systems globally. Their intrinsic properties make them promising energy storage devices, which 
can have a bridging role between batteries and traditional capacitors. In recent years, researchers 
paid their attention to produce high performance supercapacitors using different materials and 
processes. In this paper, fabricating a supercapacitor in an easy and inexpensive way is aimed. 
Supercapacitive performance of nickel and cobalt mixed film on graphite electrode surface was 
examined. Electrodeposition of nickel and cobalt from ethaline deep eutectic solvent by 
electrochemical reduction was investigated using the potentiostatic deposition method coupled 
with cyclic voltammetry. The Ni-Co based modified electrode on flexible graphite current 
collector has a specific capacitance of 201 mF cm-2 at the scan rate of 5 mV s-1. 
 
Keywords: Supercapacitor, Graphite, Flexible electrode, Alloy, Metal oxide, Ionic liquid 
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ÖZET 
 
Rüzgâr enerjisi sistemleri (RES), rüzgârdan aldıkları enerjiyi jeneratörde elektriğe çeviren 
sistemlerdir. Görece çevreye daha az zarar veren RES’ler gelişen radikal iklim değişiklikleri 
sonrası daha çok itibar edilir duruma gelmiştir. Ancak değişken rüzgâr hızları çeşitli ulaşım 
zorlukları gibi etkenler RES yapımında ve yatırımında iyi bir planlamanın gerekliliğini ortaya 
koymuştur. RES’lerden alınan verimi artırmanın birçok yolu vardır. Bunlardan biri de rüzgâr 
türbini kanatlarının açısını değiştirmektir. Bu çalışmada da rüzgâr türbini kanadı bulanık mantık 
ile kontrol edilerek daha verimli ve stabil bir çıkış elde edilmeye çalışılmıştır. Bulanık mantık 
sisteminin parametreleri değiştiğinde oluşan sonuçlar tatmin edicidir. 

 
Keyword: Bulanık Mantık, Rüzgâr Türbini, Rüzgar türbini Kanat Açısı kontrolü 
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ABSTRACT 
 
Ultrasound technology is widely used in welding, metallurgy, food processing, machinery and chemical 
industries due to its beneficial effects such as temperature increase, reduction in friction and resistance of 
material against further deformation. A typical ultrasonic system is composed of four main parts: an 
ultrasonic generator, a transducer (converter), a booster, and a sonotrode (horn). The ultrasonic generator that 
converts power supply into high frequency voltage signals, the transducer that converts such signals into 
mechanical oscillations and the booster that serves as an amplitude transformer are generally designed and 
manufactured as standard in different features and capacities for all applications. However, the sonotrode 
that transfers ultrasonic vibrations into the tool should be designed and manufactured with specialized 
geometric and mechanical properties according to the application. Designing sonotrodes for ultrasonically 
assisted metal forming processes brings some design challenges due to the nature of forming dies. In this 
study, in order to apply ultrasonic vibrations to sheet metal forming processes, theoretical background of 
ultrasonic sonotrode design procedure is examined. A novel ultrasonic sonotrode for implementation of high 
frequency vibrations into the deep drawing process is designed using harmonic finite element analyses. The 
designed sonotrode is manufactured and vibration amplitude and frequency of vibrations on the sonotrode 
surface is measured with an accelerometer in order to determine the damping coefficient to be used in 
harmonic analyses of complete forming system. As a result of the deep drawing tests, it was observed that 
the formability of the sheet materials significantly increased by applications of ultrasonic vibrations with the 
designed system. Acknowledgments: This study has been financially granted by Scientific and Technological 
Research Council of Turkey (TUBITAK) under the grant number of 315M300. The authors would like to 
express their sincere thanks to TUBITAK for the support. 
 
KEYWORDS - Deep drawing, Ultrasonic vibrations, Ultrasonic sonotrode, Finite element analysis 
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ABSTRACT 
 
Hazır giyim günümüzde hızla büyüyen endüstrilerin başında yer almaktadır. Hazır giyim endüstrisin’ de ürün 
çeşitliliğinin fazlalığı veya bireysel ürün üretimden dolayı genel olarak emek yoğun bir sektör olarak hizmet 
vermektedir. Bu sebepten dolayı, bu sektörde iş yapan firmaların verimliliği doğrudan işçilerin verimliğine 
bağlıdır. Işçi verimliliğini etkileyen birçok sebep bulunmaktadır. Bu çalışmada çalışma günü, saati, mesai 
saati v.b parametrelerden yola çıkılarak işçilerin verimliği tahmin edilmiştir. Belirtilen parametrelerden yola 
çıkılarak işçilerin verimli olup olmadıkları ya da hangi koşullarda verimli oldukları çeşitli makine öğrenme 
teknikleri yardımıyla ölçülmüştür. Bunun yanında hangi özniteliklerin sınıflandırma başarımında ne kadar 
etkin olduğu belirlenmiştir. Çünkü amacımız verimliği ölçmektir. Eğer verimliği en çok etkileyen öznitelik 
bulunursa daha az veri toplanarak daha etkin ölçümler yapılmasının önü açılmış olur. Veri setinde toplamda 
14 öznitelik yer almaktadır. Bu özniteliklere karşılık gelen işçilerin verimliği yer almaktadır. Önerilen 
modele giriş verisi olarak 14 farklı öznitelik gönderilerek işçilerin verimliği tahmin edilmiştir. Çalışmada 
veri setine uygulanan 4 farklı sınıflandırıcı ve bunlara ait istatiksel sonuçlar karşılaştırmalı olarak 
sunulmuştur. Bu çalışmanın deneysel sonuçları, önerilen modelin 0.86 doğruluk oranı ile umut verici bir 
tahmin performansı verdiğini göstermiştir. 
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Abstract 
 
In this study, a review and comparison of the Waste Heat Recovery (WHR) systems in maritime 
industries are made in detail in terms of energy, environment, and economy (3E) analysis. WHR 
systems are classified according to types and stroke engines, thermodynamic cycles, waste heat 
source, types of fluid, heat exchangers, and the pollutants released into the atmosphere by the 
exhaust gas. Furthermore, while examining WHR systems, criteria such as feasibility, initial 
investment costs, depreciation periods, depreciation rates, possible energy recovery are 
considered. It is noteworthy that such a review has not been conducted so far in the 
comprehensive literature researches. With this study, the most appropriate waste heat recovery 
systems can be determined in marine industries. 
 
Keyword: Waste heat recovery (WHR), Marine industries, Energy savings, Thermodynamic 
cycles, 3E analysis 
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Abstract 
 
Bulked continuous filament (BCF) yarns have an extend usage on machine carpets as pile yarn. 
Polypropylene (PP) is the major polymer which is preferred as raw material on BCF yarn 
production, due to its good resistance to abrasion and low price, nevertheless some of the 
mechanical behaviors are expected to be improved.  In other respects, polypropylene copolymer 
and thermoplastic polyolefin polymers are widely preferred engineering materials in different 
industrial products to improve some mechanical behavior of polypropylene. In this sense, with 
the purpose of investigate the effects of mixing polypropylene homopolymer with polypropylene 
copolymer (coPP) or thermoplastic polyolefin (TPO) polymers on the mechanical properties of 
BCF yarns, eleven different types of BCF yarn samples with linear density 2100/144 dtex as five 
types of TPO mixed (5%, 10%, 15%, 20%, 25%), five types of coPP mixed (5%, 10%, 15%, 
20%, 25%) and a pure PP as a reference yarn were produced and tensile strength, elongation, 
shrinkage and crimp contraction properties of the samples were examined. Experimental results 
and statistical analyses showed that, mixing PP homopolymer with coPP or TPO had a 
significant effect on the mechanical properties of BCF yarns.   
 
Keyword: BCF Yarn, Polypropylene, Copolymer, Thermoplastic Polyolefin. 
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ABSTRACT 

 
The conversion and production of strontium carbonate from concentrated celestite by mechanochemical 
synthesis process ore was investigated. Different proportions of ammonium carbonate were used to convert 
celestite ore to strontium carbonate. Mechanochemical synthesis process was applied with 3 different ratios 
of 1, 1.5 and 2 between ammonium carbonate and celestite ore and 3 different synthesis times of 10, 100 and 
200 minutes. Impurities and contaminations in concentrated celestite ore were removed by acid leaching and 
calcination. DTA, TGA, XRD, SEM, EDX, TEM and FT-IR analyzes were performed on the produced 
strontium carbonates. As a result of the mechanochemical synthesis process of 200 minutes, it was observed 
that the strontium sulfate phase decreased, and the strontium carbonate phase increased. Also, it was 
determined that carbonate bonds were formed, where the sulfate bonds were destroyed in the FT-IR analysis. 
The decomposition temperatures of strontium carbonate were decreased with increasing synthesis times 
 
KEYWORDS - Celestite, Strontium carbonate, Mechanochemical synthesis 

244



STRUCTURAL TRIBOLOGICAL ISOTHERMAL OXIDATION AND 
CORROSION PROPERTIES OF AL CO CR FE NI TI CU HIGH ENTROPY 

ALLOY 
 

SULTAN OZTURK1, SELMINE AKYOL1, FURKAN ALPTEKIN1, KURSAT ICIN1, SEFA EMRE 
SUNBUL1 

 
1 Karadeniz Techical University, Turkey  

 
 

ABSTRACT 
 
In the present work, Al10Co24Cr10Fe15Ni34Ti6Cu1 (at.%) was obtained high entropy alloy (HEA) with 
vacuum arc melting. The microstructure, tribological properties, oxidation, and corrosion resistance of the 
HEA were detailly investigated. The faced-centered cubic solid solution structure was observed in the 
microstructure. SEM analysis shows that Fe, Co, and Cr elements are dominant in the dendrite region, the 
interdendritic regions are significantly enriched in Al and Ti elements. The average friction coefficients for 
0.5 MPa, 1 MPa, and 1.5 MPa loads were found as 0.59, 0.64, and 0.68, respectively. The specific wear rates 
generally raised in consequence of the increase in the same applied loads. The time-dependent oxidation 
amount exponentially increased in our HEA. Oxide formation appeared as TiO2 and AlFeO3 in the oxidation 
process at 900 °C. The corrosion potential (Ecorr) and the corrosion current density (Icorr) values of the alloy 
were determined -0.082 V and 2.18 x 10-8 A/cm2, respectively. Acknowledgments This study was supported 
by The Scientific and Technological Research Council of Turkey (TUBITAK) (Grand Nos. 119M111) and 
Karadeniz Technical University, Department of Scientific Research Project (Grand Nos. FDK-2018-7685 
and FBA-2019-8162). The authors are grateful Barit Maden A.Ş, which is supplied a lot of celestite ore. 
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ABSTRACT 
 
Hemodialysis, often known as dialysis, is a blood purification procedure in which uraemic retention solutes 
in a failing kidney are removed through a semipermeable membrane. Conventionally, hemodialysis 
membranes are classified based on their composition (cellulosic or non-cellulosic) and permeability (low and 
high flux). However, with the advancement in material science and the development of new synthetic 
polymeric materials, traditional membrane classification became obsolete. Advanced polymer chemistry 
enabled the development of membranes with specific characteristics and refined properties. Hence for a 
suitable characterization of these new membranes, additional parameters including hydrophilicity and 
hydrophobicity of membranes, mass transfer properties (diffusion, convection, adsorption, etc.) and electrical 
potential are taken into consideration. On the other hand, various production parameters could have a huge 
impact on the final characteristics of the membranes. These include composition of the solution, viscosity, 
spinning temperature, pumping rates of the solution and the bore fluid, coagulation agents (inside and 
outside), coagulation temperature, & nascent fiber drawing rate. In this review, we present the most recent 
cutting-edge developments in the field of hemodialysis membranes, describe the different processes used in 
membrane production (dry spinning, wet spinning, and dry jet wet spinning) and the solute removal 
mechanisms. Finally, we discuss various process parameters that impact the morphology of the membranes 
like, the shape and size of the pores, wall thickness, macro voids, etc. 
 
KEYWORDS - Hemodialysis, Hollow fiber membranes, Dialysis. 
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ABSTRACT 
 
Introduction Structural health monitoring (SHM) is widely used in various engineering applications to detect 
and diagnose failures in real-time. The present study examined the behaviour of the representative wing 
structure in response to different loading conditions via finite element analysis (FEA) to understand the 
deformation characteristics of the wing structure and suggest locations for the sensors to be used for SHM 
purposes. Keywords: Representative wing structure, Carbon fibre reinforced polymer, Finite element 
analysis. Methods Representative wing structure consists of metal and composite components in general. 
SHM will conduct on top and bottom composite test panels on the structure, and this will be manufactured 
from 18 plies of CFRP. The finite element model of the wing structure was established with various solid 
element types, and about 560.000 elements were used in total. FEA was conducted on a PC with an Intel® 
Core™ i7-10700F processor and 64 GB RAM. The structure is loaded up to 2000 kN through rectangular 
bars along the width of the structure on its top. Each analysis lasted 22 minutes of CPU time approximately. 
Analysis results are used to determine the maximum vertical displacement and stress distribution on the 
structure, also the critical points for possible failure initiation on the composite test panels of interest. Results 
and Discussion The displacement of the rectangular loading blocks was obtained with respect to incremental 
loading values up to 2000 kN. This data will be compared with the actual test data to verify the accuracy of 
the model established. It was revealed that the top composite test panel fails at 2000 kN loading condition 
based on the maximum stress failure criterion. Nevertheless, the metallic truss structure was found to fail 
much earlier compared to composite panels at a load level of 300 kN, approximately. Conclusion: To 
conclude, the representative structure fails due to the failure of load-carrying frames rather than composite 
skins. If the composite plate is required to be failed first, either the steel structure should be strengthened, or 
some pre-cracks need to be introduced in composite plates. 
 
KEYWORDS - FEA, Representative Wing Structure,Structural Health Monitoring 
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ABSTRACT 
 
SAE 600 bronze is a general-purpose bearing alloy, which is used in ship propellers, submerged bearings, 
and in small electric motors due to its good anti-friction properties, high strength and hardness, adequate 
ductility, and excellent machinability. This study aimed to further improve the frictional properties of SAE 
600 Bronze by means of producing micro-features (e.g., lubricant pockets) on contact surface. The micro-
pockets were realized through micromachining. First, test specimens were machined to the dimensions of 
10x15x26 mm. Then, 40 lubricant pockets with different diameters (0.2 and 0.6 mm) were formed on 
specimen surfaces. The samples were then tested against AISI 4140 rotating disk using a block-on-disk type 
of test system. Effect of lubricant-pocket size, normal load value, lubrication conditions on the coefficient of 
friction and wear performance were investigated. It was measured that coefficient of friction is reduced and 
stabilized after certain test duration. Decrease in friction coefficient was observed to be decreasing due to 
increase in lubricant pocket diameter. Besides, temperature measurements showed than presence of lubricant 
pockets are effective on decrease in temperature values. 
 
KEYWORDS - Surface Texturing, Lubricant Pocket, Lubricated Friction, Wear 
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ABSTRACT 
 
In this study, an investigation on solid particle erosion performances of transparent polycarbonate solid sheet, 
plexiglass and two types of laminated materials, which are widely used in various industries, were performed. 
All the experiments were performed using tests system developed per ASTM G76-13 and MIL-STD-3330 
solid particle erosion test standards. The influence of impact angle (20°, 30°, 45°, 60° and 90°) and impact 
velocity (70, 150 and 195 m/s) were taken into consideration on the solid particle erosion behavior. Besides 
these test parameters, alumina (Al2O3 – 52 µm) and silica sand (SiO2 – 71 and 348 µm) with different 
particle diameters were used as impinging erodent particle. Polycarbonate material showed higher erosion 
resistance at all velocity and impact angle parameters when compared to other materials. In addition, 
polycarbonate material represented an incubation behavior at low velocity tests performed with smaller silica 
sand size. Impact angle of 30°, for both polycarbonate and laminated glass materials, was noted as the 
direction that gives the highest erosion rate. Laminated glass samples exhibited different erosion 
characteristics compared to single sheets. 
 
KEYWORDS - Solid particle erosion, transparent materials, polycarbonate, plexiglass, laminated glass 
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Abstract 
 
With the widespread of unmanned aerial vehicles in the aviation industry, the importance of 
detailed examination of propellers, whose task is to provide thrust, has also increased. A propeller 
is a part that is formed by attaching more than one aerodynamically shaped blade to a hub and 
produces thrust by being rotated by a motor. The amount of thrust that is produced by a propeller 
depends on some parameters such as diameter, number of blades, pitch angle etc. The aim of this 
study is to investigate the thrust distribution along a propeller diameter section with the gradual 
increase of the hub diameter. Related studies show that the maximum thrust of a propeller is 
obtained in the region between 75% and 85% of the propeller length. In order to obtain the 
necessary data, numerical flow analyzes were made and the results were discussed. As a 
conclusion, at the very closer to the root of the propeller blade, the amount of produced thrust is 
considerably low compared to the near tip of propeller. Therefore, the thrust loss due to the 
increase of the propeller hub diameter is negligible and maximum thrust obtained in the expected 
region. 
 
Keyword: Propeller, Computational Fluid Dynamics, Hub Effect, Thrust Distribution. 
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Abstract 
 
Nowadays, unmanned aerial vehicles with vertical take-off and landing (VTOL) capabilities 
are increasing. One of the reasons is that these vehicles can take off and land even in difficult 
conditions and does not need any runway. In design stages of unmanned aerial vehicles, certain 
design criteria are taken into consideration. VTOL vehicles, which are divided into tilt-wing or 
tilt rotor, used in areas such as operation areas, efficiency and cost advantage. In this study, 
CFD analysis is performed to determine the optimum configuration of the VTOL vehicle by 
considering the horizontal distance between the propellers and the number of propellers of a 
tilt-wing unmanned aerial vehicle. For this aim, effect of aerodynamic parameters such as 
thrust, velocity etc. of propellers are investigated. As a result of this study, the suitable propeller 
position on the wing and number of propellers for the VTOL vehicle are determined. 
 
Keywords: VTOL, Propeller, Aerodynamic Parameters, Flow Analysis 
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Abstract 
 

The most common used glasses are soda-lime silica glasses, which contain alkaline and 
alkaline earth oxide materials, such as silicon, sodium, aluminium oxides, etc., and these soda 
lime silica glasses are used in different applications such as windows, bottles, etc. Glass 
powder is acquired by grinding of waste glass cracks and applied as additive in structural 
materials due to its compositions. In this study, the effect of glass powder on the surface and 
structural properties Cr steel sheets has been investigated. Cr steels coated with dehydrated 
glass powder have been annealed at 950 °C temperature in the furnace for various hours and 
cooled in the furnace. The surface and structural properties of these coated steel sheets have 
been investigated by optical microscopy images, Scanning electron microscopy images, 
Energy dispersive x-ray spectroscopy data. The crystal structures of these sheet samples have 
been recorded with XRD patterns. As a result, glass powder on the surfaces of Cr steel sheets 
has not melted homogeneously and surface appearances of these steel sheets have been 
obtained as waved textures. 
 
Keywords: Cr steel, Glass powder, Heat treatment, Structural property, Surface property  
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ABSTRACT 
 
This paper presents an analytical study on determination of optimum autofrettage pressure for the high 
pressure cylinder of an abrasive waterjet intensifier pump working under cyclic pressure. In this optimization 
problem, maximization of safety factor (n) for dynamic condition at the elastic-plastic interface is defined as 
an objective function. For different autofrettage pressures, the safety factors both at the inner diameter of the 
cylinder and at the elastic-plastic interface are calculated according to Modified Goodman Theory. In the 
calculations, endurance limit modifying factors are neglected and the endurance limits are considered equal 
for both regions. In the stress calculations, autofretage equations based on the actual stress-strain curve of the 
material are used. The safety factors at the inner diameter of the cylinder and at the elastic-plastic interface 
are compared, and the autofretage pressure for which the safety factor calculated for the inner diameter is 
small are not taken into account. The autofrettage pressure that gives the highest safety factor at the elastic-
plastic interface is defined as the optimum autofretage pressure. Optimum autofrettage pressure for maximum 
working pressure is also calculated and the results are compared. 
 
KEYWORDS - Autofrettage, thick walled cylinders, fatigue analysis, optimization 
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ABSTRACT 
 
In this study, a flight control board is designed which can be used for various unmanned aerial vehicles 
(UAV). STM32F411 microcontroller is used as the central processing unit and it is programmed by using 
special function registers in C language to increase the system performance. High operating frequency and 
FPU unit are used to perform PID algorithm calculations at high speed. The orientation angles data are 
obtained from the MPU6050 IMU (Inertial measurement unit) sensor. Radiolink R9D is used as the control 
receiver module as it supports SBUS data communication protocol. The system is controlled by PID, which 
is a closed-loop control algorithm. The software is developed using the Keil uVision5 IDE. Board schematic 
and PCB design are made using KiCad. The model is produced and the software is integrated into the system. 
It is seen in the performance tests that the PID algorithm gives expected results as in theory and the system 
is tried to reach the set point accordingly. Also, Pid gain values is investigated for a stable flight. 
 
KEYWORDS - Unmanned aerial vehicles (UAV), Flight control board, Control algorithms, Embeded 
systems, PID control 
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ABSTRACT 
 
Permanent magnet synchronous motors (PMSM) are brushless motors with sinusoidal waveforms, which are 
frequently used in industrial applications. It is generally used in electric and hybrid vehicles, goods such as 
refrigerators, washing machines, dishwashers, and other devices that require high reliability and efficiency. 
Compared to standard DC motors, PMSMs are more reliable due to their construction. There are application 
methods for controlling PMSMs such as vector control and torque control. For each application, the control 
is calculated over the current position of the motor, current, and voltage values. Precise measurement of the 
motor position is an important factor for the precision of the control. In addition, problems such as torque 
fluctuations must be eliminated and the motor must be controlled in real-time for stable operation. The 
concept of the application is to create a closed-loop motor driver for the PMSM using a solver. In this study, 
the motor position calculator with the resolver interface is designed on FPGA. With this design, the 
instantaneous position of the PMSM is provided via the resolver interface, and real-time calculation is 
provided with the FPGA. As a result, the calculations of the resolver interface has been done on the FPGA 
and, in order for the application to be a source for further studies, the design has been turned into an IP 
package. 
 
KEYWORDS - fpga, pmsm, resolver calculator 
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ABSTRACT 
 
Inconel 718 is familiar with its good mechanical properties such as high temperature resistance, temperature 
strength, fatigue strength, hardness, chemical wear resistance, corrosion resistance, creep resistance, high 
strength-to-weight ratio. This all makes Inconel 718 a significant candidate material for aerospace 
applications and many other hostile environments. In addition to these all merits of Inconel 718, there is a 
big task to machine it because of poor processability of Nickel alloys. In the machining stages of Inconel 
718, high temperature, high stress, overheating and burning occur because of its low thermal conductivity. 
Because of all these difficulties of machining Inconel 718, electrical discharge machining (EDM) is used for 
cutting and machining of it. There is a high demand for a secondary process for the purpose of surface 
enhancement to provide required level of surface quality in terms of roughness and hardness after EDM. But 
material removal rate should be kept at minimum level for surface enhancement process to maintain 
geometrical and dimensional accuracy. In this study, flow peening (GOV) process is applied to Inconel 718 
as an aerospace material for surface enhancement. Then material removal rate (MRR) values are going to be 
presented. Results will be compared to those of abrasive flow machining (AFM) process. 
 
KEYWORDS - Inconel 718, Aerospace materials, Material removal rate, Flow peening (GOV) process, 
Electrical discharging machining (EDM), Abrasssive flow machining (AFM), Surface enhancement 
process 
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Abstract 
 

The continuous carbon fiber-reinforced thermoplastic (CFRTP) printing process has been used 
more widely in recent years and is an alternative production method, especially in sectors such as 
aviation, automotive, prototyping, medical applications, and aerospace. Although additive 
manufacturing reduces the design limitations and makes it easier to manufacture, it is one of the 
disadvantages of this method: it has relatively low thermal and mechanical properties compared 
to standard production techniques. Therefore, in this study, printing parameters such as nozzle 
temperature, printing speed, layer thickness and heated bed temperature was investigated for fused 
deposition modelling. In this regard, a polymer impregnation line based on the melt impregnation 
technique was utilized to obtain CFRTP filaments using polylactic acid (PLA) and 3K carbon 
fiber. Obtained filaments then were used to print three-point bending test samples in order to 
investigate mechanical performance. The test result showed flexural stress between 108 and 224 
MPa and flexural modulus between 9.67 and 17.69 GPa with a 23% fiber ratio. Results from this 
study proclaim that CFRTP's manufactured with this method and optimized printing parameters 
have great potential for implementing future production methods. 
 
Keyword: Continuous Fiber-reinforced Thermoplastic (CFRTP), Fused Deposition Modelling 
(FDM), Additive Manufacturing, Mechanical Properties 
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ABSTRACT 
 
Inconel 718 which is a nickel based alloy has superior mechanical properties. It is preferred in aerospace 
applications due to its high fatigue strength, hardness, wear resistance, corrosion resistance and high strength. 
On the other hand, it has low thermal conductivity and poor processability. This makes it difficult-to-cut 
material. So nontraditional manufacturing methods are generally preferred to machine nickel alloys. In this 
study, Inconel 718 samples are prepared by cutting with electrical discharge machining process. Then flow 
peening (GOV) process is applied to samples for surface enhancement to obtain required surface quality 
parameters. SEM images are taken and compared to those of some other methods. 
 
KEYWORDS - Inconel 718, Aerospace materials, Material removal rate, Flow peening (GOV) process, 
Electrical discharging machining (EDM), Surface enhancement process, SEM images 
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Abstract 
 
The sensitivity of silicon-based solar cells to the polarization of light is mainly weak and ignorable. 
However, the recent studies show that some organic solar cells can be sensitive to polarization. 
Circularly polarized or so-called spin-polarized light is a well-described example of the helical 
beams which are able to carry optical helicity[1-2]. In some organic solar cells, the spin of the 
photon can be transferred to the electrons, which is called photon spin-electrons spin interaction 
[3-4]. In our study, we will describe and investigate the theory of the interaction between organic 
solar cells and helical beams. 
 
Keyword: Solar cells, organic solar cells, helical beam, polarization 
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Abstract 
 
Besides the physical and barrier properties of a flexible plastic material to preserve the freshness 
and shelf life of a product, the heat sealing performance of the packaging also plays an important 
role. Proper heat sealing is an important requirement in packaging. The main critical control 
elements for heat sealing are temperature, time and jaw compression force. Adequate pressure on 
the surfaces must be used for a sufficient time to achieve a reasonable bond. Thus, polymer chains 
can spread and form bridges across the interface. Since heat sealing is a melt fusion process, time 
and temperature are two most fundamental parameters that affect sealing performance. Time and 
temperature are interrelated. The physical evaluation of an adhesion can provide a useful 
qualitative indicator of the effectiveness of the heat sealing process and is based on optimization 
of the parameters of dwell time, temperature and process pressure. The aim of this study is to 
determine the effective jaw temperature and compression time for the seal strength of the surface 
coated PET film to the APET surface. The effects of parameters, which are thought to be effective 
on the heat seal performance of the surface coated food packaging film, on the seal strength were 
analyzed using the Box-Behnken design, which is one of the response surface methodologies 
(RSM). In this study, the necessary thermal bonding process parameters have been determined to 
maximize the seal strength. 

 
Keyword: BOPET, Box-Behnken Experiment Design, Response Surface Method, Heat Seal, 
Coating. 
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Abstract 
 
This study presents an analysis of the distortions of ABS composites with different amounts of 
carbon fiber produced by large-scale additive manufacturing (LSAM). Part failures often occur in 
extrusion-based large-scale additive manufacturing due to thermal contraction. These are called 
thermal distortions. Undesirable distortions are caused by differential thermal expansion and 
contraction and corresponding residual stresses. Residual stress and strain analysis require accurate 
thermo-mechanical material properties. These can be controlled by changing the amount of 
additives in polymer material. In this study, fiber orientations in Acrylonitrile Butadiene Styrene 
(ABS) reinforced with 10%, 5%, 0% carbon fiber by weight were modeled using a homogenization 
technique. The amount of distortion of the parts modeled according to these carbon fiber ratios 
was examined and, the cooling durations were compared. 
 
Keywords: LSAM, carbon fiber, thermal imaging, ABS 
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Abstract 
 
Energy storage systems have received increasing attention in recent years because of the 
requirements of energy supply with respect to the growing population and technology. Among the 
technologies of energy storage devices, supercapacitors become popular due to their superior 
characteristics such as high power density, extremely fast charge-discharge capability and long 
life cycle. A wide variety of materials are already in use to fabricate supercapacitors. Carbon and 
its derivatives are common materials among the electrode materials of supercapacitors. In this 
study, electrochemical behaviour of flexible graphite yarns are investigated in different media in 
order to elucidate the performance of graphite as a supercapacitor material. Electrochemical 
experiments of graphite electrode are carried out in sodium sulphate (Na2SO4), hydrochloric acid 
(HCl), potassium hydroxide (KOH) and Ethaline deep eutectic solvent as electrolyte media. 
Graphite yarn is cycled at wide potential window (from -1 V to 1 V) at various scan rates in the 
range of 5 to 100 mV s−1 in order to observe the associated electrochemical behaviour and 
performance. Graphite yarn electrodes without any treatment can be used in Ethaline and aqueous 
Na2SO4 electrolytes. However, these electrodes cannot be used in acidic or alkaline media with 
high potential window of 2 V. 

 
Keyword: graphite, supercapacitor, energy storage, flexible, capacitance 
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Abstract 
 
This work the optimization of a broadband absorbers based on multi-layered absorber scheme have 
been proposed. Non similar to the usual designs of the problem design the number of layers (NL) 
and their sequence have been determined randomly and fid to the optimization algorithm. By 
applying such method, we prevent the loss of the best chances by decreasing the number of 
optimized parameters and give a better randomity in the NL selection. As in the traditional 
procedure of the pre-determination of the number of layers may prevent the discovery of the global 
best solution. In this study we called the optimization algorithm a double-stage Seeker 
Optimization Algorithm (DS-SOA), as the SOA has been used to determine the thicknesses of the 
randomly selected layers independently during the second stage of the process but not the type of 
the layers. The pre-selected frequency ranges, incident angles as well as the polarization have been 
selected as per the ones in the literature for the sake of fare comparison. The results show that the 
DS-SOA is superior to the designs in the literature in finding the best solutions. 

 
Keyword: Multilayer, Broad band, Optimization, Seeker Optimization Algorithm.  
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Abstract 
 

In this study, it is aimed to lighten the aluminum body of the PVC cutting machine, reduce the 
production cost and shorten the production time. With this purpose, firstly, literature researches of 
composite materials were made and the PVC machine was introduced. Then, alternative designs 
of this body were made in Fusion360, and material selection was discussed in line with the 
analyzes made on the designs in ANSYS. Designs of this body were reexamined by topology 
optimization of designs created with selected materials. Test and analyzes are shown step-by-step 
in order to achieve the final result with the necessary changes to mitigate. As a result the body part 
has lightened up to %70 with the choice of different materials and design. 
 
Keywords:Lightening project,polymer composite,mass reduction,finite element,reinforced 
composites 
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Abstract 

This paper presents the effect of fiber orientation on the tensile, compression, impact, and flexural 
properties of glass fiber reinforced acrylic-based thermoplastic composites. The mechanical 
behavior of three different composite plates, produced by the resin transfer molding (RTM) 
method, with 0o / 90o / 45o, 0o / 90o and ± 45o glass fiber orientations were investigated by carrying 
out tensile, compression, three-point bending and Charpy impact tests. A Weibull distribution 
model was implemented to explain the variation in mechanical properties of the acrylic-based 
composite. According to Weibull analysis results with 63.2 % probability, the highest tensile 
strength (561 MPa), compressive strength (293 MPa) and impact values (19.44 J) were obtained 
when the plate with 0o/90o glass fiber orientation was tested, whereas the highest flexural strength 
was obtained when the plate with 0o/90o/45o was tested. 
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Abstract 
 
Surface quality is of great importance for materials used in the aviation industry as it directly 
affects friction and energy losses. On the surfaces of the parts processed with various production 
methods, burrs and residual toolpaths occur during shaping. This results in a deterioration in 
surface roughness that needs to be corrected. For this reason, surface treatment is applied by 
various methods in aviation materials.  
 
Abrasive flow machining (AFM) is one of the most effective of these methods. The abrasive 
powders are mixed in a polymer media. Then the media is flowed from the surface with high 
pressure and the surface finishing is done by removing the chip. As a result, a very smooth surface 
texture is obtained. Another effective method of surface improvement processes is to increase the 
surface strength.  
 
These processes are carried out by forging on the surface and sub-surface layers and by increasing 
the strength in terms of permanent deformation. The shot peening is most commonly used for this 
purpose. While peening, the surface is strike with balls (metal, ceramic, glass) high pressure, it is 
seen that the surface texture also deteriorates. Considering these two cases, the balls used for 
peening are mixed into the polymer and flowed from the surface under high pressure by imitating 
the AFM method. As a result, the resulting flow peening surface improvement method is called 
the GOV process.  
 
In this study, the parameters of the GOV process and its application on Inconel 718 material are 
studied and the results are discussed. In the light of the data obtained, it has been observed that the 
surface quality has improved and the amount of chip removal has been determined to be negligible. 

 
Keyword: Inconel 718, Aerospace Materials, Flow Peening (GOV) process, AFM, Shot Peening, 
Surface Treatment, Surface Roughness, Surface Quality. 
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Özet 

İmalatta, maliyetlerin düşürülmesi ve kalitenin iyileştirilmesi için uygun proses 
parametrelerinin seçimi için oldukça önemli bir konudur. Farklı çelişkili faktörlerin bir arada 
bulunduğu parametrelerin seçiminde Çok Kriterli Karar Verme (MCDM) yöntemleri başarıyla 
uygulanmaktadır. Bu çalışmanın amacı, AISI 4140 çeliğinin Frezelenmesi esnasında çıktı 
parametreleri olan, üç farklı yüzey pürüzlülük (Ra,Rz ve Rq) ve işleme zamanını en düşük 
düzeyde tutmak,  talaş kaldırma oranını ise en yüksek değere çıkarma için kontrol faktörlerinin 
etkisini incelemek ve bu faktörlerin doğru ayarlarını seçmektir. Çalışma için seçilen kontrol 
faktörleri kesme hızı, ilerleme ve kesme derinliğidir. Deneyler, kontrol faktörlerinin çeşitli 
kesme koşulları altında Taguchi'nin L9 tasarımına göre planlanmıştır. Çoklu kalite karakteristik 
optimizasyonu için Taguchi-Veri Zarflama Analizi Tabanlı Sıralama tekniği (Taguchi-DEAR) 
çok yanıtlı optimizasyon yaklaşımı kullanılmıştır. Deneysel araştırmalardan, kesme 
derinliğinin talaş kaldırma oranı üzerindeki etkisinden dolayı performans ölçümlerinin 
belirlenmesinden en yüksek etkiye sahip olduğu görülmüştür. Optimum proses parametreleri 
kombinasyonu A3B3C3 şeklinde kesme hızı 325 m/dak, ilerleme 0,16 mm/dev ve kesme 
derinliği 1,5 mm değerlerinde bulunmuştur.  

 
Anahtar Kelimeler: AISI 4140 çeliği, Frezeleme, Taguchi Tekniği, Çok kriterli Karar Verme, 
Optimizasyon, DEAR tekniği  
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ABSTRACT 
 
Günlük hayatın vazgeçilmez giysilerinden olup, her yaşa ve cinsiyete uygun tekstil ürünleri olan denim 
kumaşlar, rahatlıkları ve dayanımlarının yanı sıra fonksiyonel ve yenilikçi yönleriyle de karşımıza 
çıkmaktadırlar. Denim, mavi indigo boyalı çözgü ve boyanmamış atkı iplikleriyle 3/1 veya 2/1 dimi 
konstrüksiyonuyla dokunan % 100 pamuklu kumaş olarak tanımlanmaktadır. Denim kumaşların ön ve arka 
yüz görünümleri farklı olup, ön yüzde boyalı çözgü; arka yüzde ise renksiz atkı iplikleri hâkimdir. Çözgü 
iplikleri, denim için karakteristik olan indigo ile boyansa da kükürt boyarmaddeleri de sıklıkla tercih 
edilmekte veya bu boyarmaddeler birlikte kullanılabilmektedir. Denim kumaşların overdye prosesi, ağırlıklı 
olarak arka yüzde bulunan atkı ipliklerinin kumaş formunda boyanması işlemidir. Overdye boyamada 
çoğunlukla kükürt boyarmaddeler tercih edilmektedir. Denim kumaşların asit boyarmaddelerle boyanması, 
selüloz ile boyarmaddenin kimyasal yapıları ve iyonik yükleri bakımından uygun değildir. Ancak bu 
çalışmada denimin içeriğinde bulunan pamuk lifleri katyonize edilerek anyonik karakterdeki asit 
boyarmaddelere afiniteleri artırılmış ve asit boyarmaddeleriyle denim kumaşların boyanması mümkün hale 
getirilmiştir. Bu çalışmanın amacı, denim kumaşları kuaterner amonyum bileşiği ile katyonikleştirmek ve 
denim kumaşların üretiminde en çok kullanılan indigo ve kükürt boyarmaddelerinden farklı olarak asit 
boyarmaddeleri ile kumaşı boyayarak, sınırlı bir renklendirme olanağı bulunan denim kumaşlarda renk 
çeşitliliğini ve efektlendirmeyi arttırmaktır. 
 
KEYWORDS - Asit Boyarmadde ,Denim ,Denim Yıkama Işlemleri ,Katyonizasyon ,Pamuk 
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