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Cevresel Kirliligin Rat Populasyonlarinda (Rattus Rattus) Karyotip Varyasyonu
Uzerine Etkisinin Belirlenmesi

Do¢.Dr. Tuba Yagei Qurbanovl
'Bilecik Seyh Edebali Universitesi

Ozet: Kromozomlarin fenotipik agidan incelenmesine olanak saglayan karyotip, niikleer genomun yapisal ve
islevsel ozelliklerini temsil eder. Tiir i¢i ve tiirler arasinda goriilen karyotip varyasyonlari, hayvanlarda degisen
gevreye uyum saglamak ve yeni ekolojik nislere yayilabilmek igin gerekli olan biyogesitliligin olusturulmasinda
onemli rol oynar. Kromozom sayisi, boyutu, sentromer lokalizasyonu gibi kromozomal karakterler karyolojik
degisiklikleri tespit etmede kullamlan onemli belirteglerdir. Karyomorfometrik arastirmalarda kullanilan bu
belirtegler, kromozomal varyasyonu ve gen akisimin olast engellerini daha iyi anlamak i¢in olduk¢a bilgilendirici,
molekiiler ve sitogenetik ¢alismalar: tamamlayicidir. Bu arastirmada, Marmara bolgesine ait (Bilecik ili) kirsal
ve kentsel alanlarindan alinan rat (Rattus rattus) orneklerinde kromozom analizi yapilarak toplam 100 metafaz
plag fotograflanmistir. Kromozom sayilary, kromozomlarda toplam boy, kol uzunlugu, sentromer yerlegimi ve
indeksi, heterokromatin yogunlugu C- bantlama teknigi ve kromozom analiz programu ile tespit edilmistir.
Sonuglar, her grupta 5 olmak iizere toplam 10 bireye ait temel kromozom sayisinin 2n=38 oldugunu, ancak
kromozomlarin boy ve sentromer indeksi ve heterokromatin yogunlugu bakimindan kentsel alanlarda kirsal
alanlara gére azalan bir orani gostermistir. Ayrica sentromer lokalizasyonu a¢isindan bazi metafaz plaklarinda
belirgin farkliliklar kaydedilmistir. Tespit edilen veriler; gruplara ait metafaz plaklari, uzunluk idiogramlari,
istatistiksel grafikler, ¢evresel kirlilik ile iliskilendirilerek sunulmustur.

Anahtar Kelimeler: Cevresel Kirlilik, Karyotip, Kromozomal Varyasyon, Rattus Rattus

Determining the Effect of Environmental Pollution On Karyotype Variation in Rat Populations (Rattus
Rattus)

Abstract: The karyotype, which allows for the phenotypic examination of chromosomes, represents the structural
and functional characteristics of the nuclear genome. Intra-species and inter-species karyotype variations play a
significant role in the creation of biodiversity necessary for animals to adapt to changing environments and spread
to new ecological niches. Chromosomal characteristics, such as chromosome number, size, and centromere
localization, are important markers used to detect karyological changes. These markers used in
karyomorphometric studies are highly informative and complement molecular and cytogenetic research, providing
a better understanding of chromosomal variation and potential barriers to gene flow. In this study, chromosome
analysis was conducted on rat (Rattus rattus) samples from rural and urban areas of the Marmara region (Bilecik
province), and a total of 100 metaphase plates were photographed. Chromosome numbers, total chromosome
length, arm length, centromere position and index, and heterochromatin density were detected using the C-
banding technique and chromosome analysis software. The results showed that the basic chromosome number
was 2n=38 for a total of 10 individuals (5 from each group), but there was a decreasing trend in urban areas
compared to rural areas in terms of chromosome size, centromere index, and heterochromatin density.
Additionally, significant differences in centromere localization were observed in some metaphase plates. The
collected data, including metaphase plates, length idiograms, and statistical graphs of the groups, are presented
in relation to environmental pollution.

Keywords: Environmental Pollution, Karyotype, Chromosomal Variation, Rattus Rattus
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1. INTRODUCTION

The restriction of gene flow within a species due to numerical, morphological, and structural differences
in chromosomes, which lead to genetic incompatibility, is a fundamental stage in speciation (Cardoso
et al., 2018). The number, shape, and size of chromosomes in each individual constitute their karyotype,
which is known as the global map of the genome (Graphodatsky et al., 2011). Karyotyping, often
performed for diagnostic purposes, is used to analyze the shape and morphological characteristics of
chromosomes (Dhivyapriya and Baskar, 2014). These characteristics, along with morphological and
molecular data, provide information about karyotype variations within and between species (Peruzzi et
al., 2016). Chromosomes, which ensure heredity in organisms, are thread-like structures located in the
cell nucleus (Burrack and Berman, 2012). The most suitable stage for clearly observing these condensed
thread-like structures during cell division is the metaphase stage. Chromosomes consist of two parts: the
short arm (p arm) and the long arm (g arm) (Antonin and Neumann, 2016). The constricted regions on
chromosomes, called centromeres, ensure the proper separation of chromosomes during cell division.
Variations in centromeres, which hold sister chromatid pairs together, are a significant factor in
restricting gene flow within a species (Burrack and Berman, 2012). Chromosomes are classified into
four groups based on centromere position: metacentric, submetacentric, subtelocentric, and acrocentric.
Metacentric chromosomes have a centromere located in the middle, submetacentric chromosomes have
a centromere that is not in the middle, with one arm longer than the other, subtelocentric chromosomes
have a centromere closer to one end, and acrocentric chromosomes have a centromere at the very end
of the arm (Gokhman, 2020). The most common chromosome banding techniques used to identify
chromosomes are G (Giemsa), R (reverse), C (centromere), and Q (quinacrine) banding. Strongly
stained bands are called positive bands, while weakly stained bands are called negative bands
(Bickmore, 2001). Among these techniques, C-banding and AgNOR staining are used to detect
chromosomal heteromorphisms (Zhu et al., 2019). Heterochromatin regions are chromatin that remain
condensed during the interphase stage. Repetitive and inactive DNA regions are referred to as
heterochromatin regions due to this characteristic and are used in species differentiation by being
identified on chromosomes (Penagos-Puig and Furlan-Magaril, 2020). Heterochromatin is divided into
two types: constitutive and facultative heterochromatin. Constitutive heterochromatin forms in repetitive
sequence regions and has a highly stable structural organization, while facultative heterochromatin
forms under specific conditions such as developmental processes and tissue differentiation (Nishibuchi
and Déjardin, 2017). In mammals, heterochromatin is a significant source of karyotype variation.
Mammalian species exhibit distinct differences in the amount and distribution of heterochromatin.
Heterochromatin is typically detected using the C-banding technique, and early studies using this
technique have shown that differences in the number of chromosome arms may primarily result from
the presence of heterochromatic chromosome arms (Graphodatsky et al., 2011). Chromosomal staining
techniques are applied to obtain reliable and accurate data on the composition and organization of DNA
in chromosomes. Cytogenetic analyses, particularly those conducted to understand the effects of
environmental pollution on wildlife and how it harms the environment, are considered valuable tools
for revealing the genotoxic effects of these pollutants (Christofoletti Mazzeo and Marin-Morales, 2015).
Research aimed at assessing the effects of environmental pollution on natural populations of small
mammals relies on cytogenetic or morphometric techniques (Velickovi¢, 2014). Due to their small body
size and high metabolic rates, small mammals are more exposed to environmental pollutants. Therefore,
they are frequently chosen as bioindicators of environmental pollution and in pollution monitoring
studies (Mitkovska and Dimitrov, 2020). Among these mammals, rodents, particularly rats, are exposed
to toxic metal pollution due to their widespread distribution in various ecological areas, often found in
dumps and abandoned regions (Kolumbayeva et al., 2014). Chromosomal aberrations, micronucleus
tests in erythrocytes, comet assays in peripheral blood lymphocytes, and other techniques are used to
detect the frequency of genetic deviations caused by pollution in bioindicator animals (Cherednichenko
et al., 2022). In addition to natural environmental pollution, chromosomal aberration tests (CA)
conducted to determine the in vivo mutagenic potential effects of various chemicals have confirmed
structural and numerical abnormalities such as chromosome breaks, aneuploidy, dicentric chromosomes,
chromosome fragmentation, and ring chromosomes in rat chromosomes (Siddiqui et al., 2006; El-Sheikh
et al., 2008; Al-Terehi et al., 2013; Igbal Lone et al., 2013).

|9
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Chromosome number and structure are species-specific characteristics, with most mammalian diploid
chromosome numbers ranging between 36 and 60. Polymorphisms in heterochromatin and copy number
variations of repetitive DNA sequences are significant sources of karyotype and genome size variations
in mammals and other organisms (Scherthan, 2012). Chromosomal structural differentiation is a major
factor affecting meiotic pairing, leading to reproductive barriers among closely related species. Research
on chromosomal structural differentiation provides important insights into speciation and evolution.
Additionally, mitotic chromosomes in different organisms adopt various sizes, and the factors defining
these sizes are not yet fully understood (Kakui et al., 2022). A specific upper tolerance limit for
chromosome arm length has been identified. Exceeding this length disrupts fertility and viability due to
incomplete chromatid separation during mitosis, ultimately leading to DNA loss (Schubert and Oud,
1997). With few exceptions, this conserved limit of chromosome size variation, applicable across a
broad taxonomic range, suggests that cellular, molecular, and evolutionary mechanisms likely work
together to constrain chromosome lengths around a species-specific average (Li et al., 2011).

Since chromosome number and structure are characteristic features of species, detecting changes caused
by environmental mutagens within a species is a commonly used and reliable tool. The effects of
environmental pollutants on natural populations are most frequently determined using chromosomal
aberration techniques. Morphometric changes in chromosomes are as vital for organisms as
chromosomal anomalies. In this study, the karyotypes of rat (Rattus rattus) samples collected from rural
and urban areas in the Marmara region (Bilecik province) were examined morphometrically for the first
time. Chromosome analysis was conducted to determine chromosome numbers, total chromosome
length, arm length, centromere position and index, and heterochromatin density using the C-banding
technique and chromosome analysis software. The results were comparatively analyzed between
localities with different characteristics, revealing karyometric and heterochromatin variations caused by
environmental pollution.

2. MATERIAL AND METHOD

The characteristic features of the urban and rural areas where field studies were conducted were
determined based on the criteria provided in previous research. Accordingly, industrial zones were
defined as polluted areas, while open lands were classified as rural areas. Blood samples were collected
from a total of 10 male individuals (Rattus rattus, Linnaeus, 1758), with 5 individuals from each area,
using live capture traps, and chromosome analysis was performed (Sinha et al., 1989). The animals used
in the study were released back into their respective localities after sampling. For chromosome analysis,
a total of 100 metaphase plates were photographed using a 100x objective. Karyotypes were prepared
for the two different localities of Rattus rattus, and the diploid chromosome number (2n), autosomal
fundamental number (NFa), and fundamental number (NF) were determined. Additionally, total
chromosome length, arm length, and centromeric indices were calculated, and ideograms were
constructed. The prepared chromosome slides were subjected to the C-banding technique, and at least
20 well-spread and banded metaphase plates were photographed to determine centromere localizations
(Gosden, 1994).

The identified data, including metaphase plates and statistical ideograms for each group, were evaluated
in relation to environmental pollution.

3. RESULTS

Chromosome analysis of Rattus rattus (Linnaeus, 1758) samples revealed that both groups (rural and
urban areas) had a diploid chromosome number of 2n = 38, an autosomal arm number of NFa = 58, and
a fundamental chromosome arm number of NF = 60 (Figure 1). The karyotype of Rattus rattus was
characterized by 9 pairs of metacentric/submetacentric chromosomes, 2 pairs of subtelocentric
chromosomes, and 7 pairs of acrocentric chromosomes. The sex chromosomes consisted of a medium-
sized acrocentric X chromosome and a shorter acrocentric Y chromosome. The distribution of C-band
heterochromatin in the karyotype of Rattus rattus was also examined (Figure 2).

|10
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The chromosome preparations subjected to the C-banding technique were stained with 10% Giemsa and
photographed. The chromosomes of samples from both groups were compared in terms of centromere
localization and heterochromatin density (Figure 2).

Figure 2. C-banded metaphase plates of Rattus rattus samples (A: urban area, B: rural area; arrows
indicate stained centromeric regions).

In the Group A samples collected from the urban area, low-density centromeric heterochromatin was
observed in 1 pair of small acrocentric chromosomes and 1 pair of large metacentric chromosomes,
while no heterochromatin (heterochromatin-negative) or very little heterochromatin was detected in the
centromeric regions of 2 pairs of small acrocentric chromosomes. In contrast, in the Group B samples
collected from the rural area, the centromeric regions of the chromosomes, except for 2 pairs of small
acrocentric chromosomes, were distinctly banded. The centromeric index, total length, and other
karyometric measurements of the chromosomes were determined using chromosome analysis software
and are presented (Figure 3). The chromosomes constituting the chromosome set of Rattus rattus
(Linnaeus, 1758) (2n=38) were classified as follows to reveal karyometric differences:

- Group A (1-9): Metacentrics/submetacentrics

- Group B (10-11):Subtelocentrics

- Group C (12-18):Acrocentrics

- Group D (X, Y):Medium and short acrocentric sex chromosomes

When the 9 pairs of metacentric/submetacentric chromosomes (Group A) were analyzed based on their
size, it was found that the total chromosome lengths (p+q) of rats from the rural area were longer
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compared to those from the urban area (Figure 3). The mean short arm length, long arm length,
centromeric index, and coefficients of variation are presented in Tables 1-4.
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Figure 3. Comparison of chromosome arm lengths: Group A: Metacentric and Submetacentric
chromosomes, Group B: Subtelocentric chromosomes, Group C: Acrocentric chromosomes, Group D:
Sex chromosomes. (KRS: rural locality, KNT: urban locality; the same colors indicate homologous
chromosomes from the two different localities).

When the 2 pairs of subtelocentric chromosomes (Group B), 7 pairs of acrocentric chromosomes (Group
C), and acrocentric sex chromosomes (Group D) were analyzed based on their size, the following
observations were made: Although the p arms of subtelocentric chromosomes were shorter in rural rats,
the total length of these chromosomes was greater in rural samples (15.15 um and 14.83 pm,
respectively). The size of acrocentric chromosomes was larger in rural areas (12.60 um) compared to
urban areas (12.44 um). When comparing the sex chromosomes of rural rats, the X chromosome was
notably larger in rural areas, with a total length of 12.13 pm, compared to 10.13 pum in urban areas.
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Table 1. Group A (1-9): Karyometric data for metacentric/submetacentric chromosomes.

Group A (Rural Locality) Karyometric Data

Longest to shortest chromosome length ratio LC/SC 2.344

Mean short arm length P 5.95 (+1,73) |13
Mean long arm length Q 6.27 (£1,98)

Mean chromosome length CL 12.22 (£3,67)

Mean Centromeric Index CIl 0.49 (+0,02)
Chromosome Length Coefficient of Variation CVCL 30.038

Centromeric Index Coefficient of Variation CVClI 4.124

Group A (Urban Locality) Karyometric Data

Longest to shortest chromosome length ratio LC/SC 2.275

Mean short arm length P 5.26 (£0,11)
Mean long arm length Q 6.03 (£2,72)
Mean chromosome length CL 11.29 (£2,83)
Mean Centromeric Index CI 0.46 (£0,04)
Chromosome Length Coefficient of Variation CVCL 25.719
Centromeric Index Coefficient of Variation CVC(ClI 4.974

Table 2. Group B (10-11): Karyometric data for subtelocentric chromosomes.

Group B (Rural Locality) Karyometric Data

Longest to shortest chromosome length ratio LC/SC 1.811

Mean short arm length P 2.9 (£0,20)
Mean long arm length Q 12.46 (+4,23)
Mean chromosome length CL 15.35 (+4,43)
Mean Centromeric Index CI 0.20 (+0,05)
Chromosome Length Coefficient of Variation CVCL 28.857
Centromeric Index Coefficient of Variation CVC(ClI 22.940

Group B (Urban Locality) Karyometric Data

Longest to shortest chromosome length ratio LC/SC 1.471

Mean short arm length P 3.42 (£0,11)
Mean long arm length Q 11.40 (£2,72)
Mean chromosome length CL 14.83 (£2,83)
Mean Centromeric Index CI 0.24 (+0,04)
Chromosome Length Coefficient of Variation CVCL 19.066

Centromeric Index Coefficient of Variation CV(CI 16.065
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Table 3. Group C (12-18): Karyometric data for acrocentric chromosomes.

Group C (Rural Locality) Karyometric Data

Longest to shortest chromosome length ratio LC/SC 2.543

Mean chromosome length CL 12.60 (£3,19)
Chromosome Length Coefficient of Variation CVCL 25.295
Group C (Urban Locality) Karyometric Data

Longest to shortest chromosome length ratio LC/SC 1.843

Mean chromosome length CL 12.44 (£3,01)
Chromosome Length Coefficient of Variation CVCL 24.156

Table 4. Group D (X, Y): Karyometric data for medium and short acrocentric sex chromosomes.

Group D (Rural Locality) Karyometric Data

Longest to shortest chromosome length ratio LC/SC 2.004

Mean chromosome length CL 12.03 (+4,02)
Chromosome Length Coefficient of Variation CVCL 33.418
Group D (Urban Locality) Karyometric Data

Longest to shortest chromosome length ratio LC/SC 1.604

Mean chromosome length CL 10.13 (£2,35)
Chromosome Length Coefficient of Variation CVCL 23.196

4. CONCLUSION AND RECOMMENDATIONS

The karyotype, which allows for the phenotypic examination of chromosomes, represents the structural
and functional characteristics of the nuclear genome. Karyotype variations observed within and between
species play a significant role in creating the biodiversity necessary for animals to adapt to changing
environments and colonize new ecological niches. Chromosomal characteristics such as chromosome
number, size, and centromere localization are important markers used to detect karyological changes.
These markers, utilized in karyomorphometric research, are highly informative and complementary to
molecular and cytogenetic studies, providing a deeper understanding of chromosomal variation and
potential barriers to gene flow. Based on the results of our cytogenetic and karyometric study on
individuals of Rattus rattus (Linnaeus, 1758) from rural and urban localities in Bilecik province, the
following conclusions were drawn:

- The 2n, NF, and NFa values of Rattus rattus (Linnaeus, 1758) in Turkey's Marmara region, as
identified in this study, are consistent with previous records.

- No differences were observed in these values between urban areas, characterized by industrial pollution
(e.g., food, air, and noise pollution), and rural areas, which represent natural habitats.

- C-banding results revealed heterochromatin variations between the localities.

- According to karyometric data, the average total chromosome lengths showed a decreasing trend from
rural to urban areas.

The karyometric and heterochromatin distribution data obtained for Rattus rattus (Linnaeus, 1758) in
this study contribute to the karyological data on chromosomal evolution and the taxonomy of the species.
Considering the individual chromosomal variations in small mammals of the order Rodentia, it is
recommended that future studies include more samples and localities to establish definitive relationships
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between environmental pollution effects and chromosome lengths. Expanding research in this area will
provide a clearer understanding of the impact of environmental stressors on chromosomal morphology
and genetic stability.

This study highlights the importance of cytogenetic and karyometric analyses in assessing the effects of
environmental pollution on wildlife and underscores the need for further research to support
conservation efforts and biodiversity preservation.
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Abstract: Mycelium-based bio-composites have emerged as eco-friendly and biodegradable alternatives to
conventional synthetic materials in sectors ranging from construction and packaging to textile and product design.
Mycelium, the vegetative root structure of fungi, forms a dense network of filamentous hyphae that naturally binds
cellulosic substrates such as agricultural residues and industrial by-products. This process produces lightweight,
thermally and acoustically insulating, and mechanically stable composites that boast minimal environmental
impact. The production typically involves substrate selection and preparation, inoculation with fungal spawn,
incubation for complete colonization, and heat treatment to stop growth. Resulting materials offer promising
properties in terms of thermal insulation, sound absorption, and structural integrity when used as panels, blocks,
or coatings. While challenges remain—most notably lower mechanical strength, water sensitivity, and the need
for standardized mass-production protocols—ongoing research focusing on strain selection, substrate
composition, and optimized manufacturing methods aims to address these limitations. Harnessing agricultural
and industrial waste, mycelium-based composites contribute to a more circular economy with reduced carbon
footprints and minimal end-of-life disposal problems. As a result, mycelium-based products show high potential
for sustainably transforming building and packaging industries, enabling innovative approaches for future green
design.

Keywords: Mycelium, Biomaterial, Sustainability, Insulation, Circularity

Biyomalzeme Yapiminda Mantar Miselyumu

Ozet: Mantar miselyumu esash biyokompozitler, insaat ve ambalajdan tekstil ve iiriin tasarimina kadar genis bir
yelpazedeki sektorlerde, geleneksel sentetik malzemelere ekolojik agidan dost ve biyolojik olarak par¢alanabilen
bir alternatif olarak one ¢ikmaktadwr. Mantarin toprak altindaki vejetatif yapisit olan miselyum, tarimsal artiklar
olusturur. Bu siireg, hafif, is1 ve ses yalitim ozellikleri yiiksek, mekanik agidan kararli ve cevresel etkisi son derece
diisiik kompozitlerin zretilmesini saglar. Uretim siirecinde genellikle uygun substrat secimi ve hazirlanmast,
mantar miselyumunun asilanmasi, tam kolonizasyon i¢in inkiibasyon ve biiyiimeyi durdurmak amaciyla isil islem
asamalart yer alir. Elde edilen malzeme, panel, blok veya kaplama bi¢iminde kullanildiginda 1s1 yalitimi, ses
emilimi ve yapisal biitiinlik yoninden zimit vadeder. Bununla birlikte, nispeten diisiik mekanik dayanim, neme
duyarlilik ve seri tiretim standartlarinin eksikligi gibi sorunlar halen ¢oziilmeyi beklemektedir. Tzir se¢imi, substrat
bilesimi ve zretim yontemlerinin iyilestirilmesine odaklanan giincel arastirmalar, bu sinwrlilikiarin distesinden
gelmeyi amaglamaktadir. Tarimsal ve endiistriyel atiklari doniistiirerek dongiisel ekonomiye katkida bulunan
miselyum esaslit kompozitler, karbon ayak izini en aza indirir ve kullanmim omrii sonunda atik sorunu yaratmaz.
Sonug olarak, mantar miselyumu tabanlt diriinler, sirdirilebilir ve yenilik¢i tasarim yaklasimlaryla yapr ve
ambalaj sektorlerini donistiirme potansiyeline sahiptir.

Anahtar Kelimeler: Miselyum, Biyomalzeme, Siirdiiriilebilirlik, Yalitum, Dongiisellik

1. INTRODUCTION

With industrialization, the simultaneous increase in production and consumption has
raised human welfare but also created notable adverse effects on the environment and natural
resources. In particular, the high energy and raw material demand of petroleum-based synthetic
materials, combined with challenges in recyclability at the end of their service life, exacerbates
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waste management issues (Alaneme et al, 2023; Attias et al., 2020). Consequently, contemporary
criteria such as “the use of renewable resources, valorization of waste materials as raw materials, and
the development of highly biodegradable products” have emerged as key factors in the development of
next-generation materials that meet sustainability principles (Kutbay et al., 2022; Rajendran, 2022).

Mycelium-based biomaterials have been attracting growing interest among potential candidates
capable of fulfilling these criteria (Islam et al., 2018). The mycelium, which is the vegetative structure
of fungi (mushrooms) found underground, forms a fibrous (hyphal) network that naturally binds
lignocellulosic substrates such as agricultural or industrial waste, acting much like a natural adhesive
(Elsacker et al., 2019). As a result, it becomes possible to obtain lightweight biocomposites with
improved thermal and acoustic insulation properties that can largely degrade in nature at the end of their
service life (Stamets, 2005; Walter & Giirsoy, 2022). Many studies in the literature emphasize
characteristics such as ease of shaping, a low carbon footprint, and an environmentally friendly solution
compared to synthetic foam (Alaneme et al., 2023; Attias et al., 2020).

Recent research in this area has focused on optimizing different fungal species and various
organic wastes (Alemu et al., 2022; Sydor et al., 2021). For example, biocomposites obtained by
cultivating Pleurotus ostreatus on wheat straw were shown to have certain advantages over conventional
materials in terms of ignition times and water absorption properties (Kutbay et al., 2022). Similarly,
other studies investigate how mycelium develops under different substrate sizes and moisture
conditions, and how the molding process affects mechanical and thermal properties (Appels et al., 2019;
Mohseni et al., 2023).

Alongside these advantages, mycelium-based materials also have limitations, such as longer
production times compared to synthetic foams and sensitivity to moisture and water (Attias et al., 2020;
Kutbay et al., 2022). Nevertheless, it has been reported that significant steps have been taken toward
developing processes suitable for mass production through the introduction of automation systems and
3D printing techniques (Mohseni et al., 2023). Additionally, meeting safety standards such as
flammability tests is considered critical for the widespread use of these materials in the building sector;
in this context, various studies indicate that mycelium-based composites exhibit flame-retardant
properties, although particle size and substrate composition can affect ignition times (Girometta et al.,
2019; Kutbay et al., 2022).

In this article, we will first examine in detail the processes of obtaining mycelium-based
biomaterials (substrate preparation, fungal inoculation, incubation, and growth termination). We will
compare different production methods and raw materials reported in the literature. Subsequently, we
will discuss the mechanical, thermal, and acoustic advantages offered by mycelium composites
compared to conventional synthetic materials, referencing experimental findings on ignition times and
water absorption (Islam et al., 2018; Kutbay et al., 2022). In the final section, various application areas—
such as construction, packaging, product design, and environmental remediation—will be discussed,
along with field experiences and the technological and standardization requirements needed for
industrial-scale production (Attias et al., 2020; Sariay et al., 2023). In so doing, we aim to provide a
broader perspective on the high sustainability potential of mycelium-based composites and guide future
research in this field.

2. MATERIAL AND METHODS
2.1. Material Components
2.1.1. Fungal Mycelium (Binder)

Fungal species commonly chosen for producing mycelium-based composites are determined by
criteria such as their ability to degrade plant polymers (cellulose, lignin) through enzymatic activity,
rapid colonization, high fiber production, and adhesive properties (Attias et al., 2020; Islam et al., 2018).
The most frequently encountered fungal species in the literature include:

Pleurotus ostreatus
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Characteristics: Exhibits rapid growth on a wide range of substrates and plays a strong binding role due
to high fiber production (Islam et al., 2018; Kutbay et al., 2022).

Applications: Has been shown to colonize various wastes such as wheat straw (Kutbay et al., 2022), rice
husk (Revin et al., 2022) and sawdust (Appels et al., 2019).

Ganoderma lucidum

Characteristics: Possesses robust cellulose-degrading enzymes; used in some studies for vegan leather-
like applications (Sydor et al., 2021).

Applications: Produces hardened composites by developing mycelium on woody waste (Appels et al.,
2019).

Trametes versicolor
Characteristics: A white rot fungus capable of degrading lignin.

Applications: Reported to form bio-composites with substrates such as hemp shives and beech sawdust
(Elsacker et al., 2019).

Pleurotus eryngii

Characteristics: Genetically close to P. ostreatus, showing rapid colony formation and a dense mycelial
network (Tacer-Caba et al., 2020).

Applications: Tested in mixtures with coconut coir and wheat bran for water absorption and mechanical
performance (Teixeira et al., 2018).

Pycnoporus sanguineus
Characteristics: Common in tropical regions, known for its brightly colored fruiting bodies.

Applications: Included in some comparative studies with other species, evaluated for water absorption
and mechanical tests (Teixeira et al., 2018).

Fusarium oxysporum
Characteristics: Exhibits rapid spread at the microscopic level and can form biofilms.

Applications: Combined with recycled paper and coffee grounds to investigate flame-retardant effects
(lordache et al., 2018; Kutbay et al., 2022).

Agaricus bisporus
Characteristics: Known in the food industry but has limited use in biomaterial applications.

Applications: Reported to have been tested with Trichoderma asperellum on substrates like oat husks
and rapeseed, though findings are limited (Tacer-Caba et al., 2020).

Each fungal species offers different enzymatic repertoires and colony formation capacities,
thereby affecting the mechanical, thermal, and biological properties of the resulting composite (Appels
et al., 2019). For this reason, the choice of fungal species is critical for achieving the target performance
of the material (Kutbay et al., 2022).

2.1.2. Substrate (Agricultural/Industrial Waste)

Substrates include lignocellulosic or cellulosic wastes that provide nutrients and mechanical
support for mycelial growth. Common examples include wheat straw, rice husk, corn cob, coffee
grounds, sawdust, or paper waste (Islam et al., 2018; Kutbay et al., 2022; Rajendran, 2022).

Particle Size: Chopping to sizes of 5-20 mm facilitates homogeneous myecelial distribution. Larger
particles may increase porosity but reduce mechanical strength (Appels et al., 2019).

Pre-Treatment (Sterilization/Pasteurization): Autoclaving (121 °C) or heating in hot water (8090
°C) for a specific duration minimizes unwanted microorganisms (Attias et al., 2020).
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pH and Nutritional Adjustments: Additives such as CaSOs (gypsum) or bran can optimize mycelial
growth (Alemu et al., 2022; Sariay et al., 2023).
2.1.3. Additional Additives and Modifiers

pH buffers, nutritional supplements, and coating materials shape the water resistance, mechanical
strength, and suitability for various applications (Kutbay et al., 2022; Sydor et al., 2021).

2.2. Production Process

A review of various protocols in the literature (Attias et al., 2020; Kutbay et al., 2022; Mohseni
et al., 2023) indicates that production can be summarized in four main stages: substrate preparation,
inoculation, incubation (colonization), and heat treatment (drying).

2.2.1. Substrate Preparation

Cleaning and Chopping: The substrate is cleaned of foreign materials and then chopped to the desired
size (5-20 mm).

Moisture and pH Adjustment: Through boiling/pasteurization, the substrate is brought to about 60—
70% moisture. Gypsum or lime can be used to maintain a pH of 4-6 (Appels et al., 2019).

Sterilization: Treatment in an autoclave (121 °C, 15-30 min) or hot water reduces contamination risk
(Alaneme et al., 2023).

2.2.2. Inoculation

The prepared substrate is mixed with fungal spawn at a specific ratio (e.g., 5-10%). Maintaining
sterile conditions is crucial (Kutbay et al., 2022; Attias et al., 2020).

2.2.3. Incubation (Colonization)

Temperature and Humidity Control: The mixture is stored at 20-30 °C and 50-90% humidity for 7—
20 days, during which the mycelium colonizes the substrate (Islam et al., 2018).

Molding (Optional): If the product requires a certain shape, molding may be performed during or after
incubation (Alaneme et al., 2023).

2.2.4. Drying and Heat Treatment

Once mycelial colonization is complete, the product is dried/oven-baked at around 80-100 °C for
4-12 hours. This process kills living cells, halts biological activity, and stabilizes the product (Kutbay
et al., 2022).

2.3. Experimental Design and Testing Procedures
2.3.1. Mechanical Tests
Density Measurement: The mass and volume of specimens are measured to determine density in g/cnm’.

Compression/Flexural Strength: Mechanical strength is evaluated using universal testing machines
following ASTM-like standards (Attias et al., 2020; Kutbay et al., 2022).

2.3.2. Thermal and Acoustic Analyses

Thermal Conductivity: The guarded hot plate or hot-wire method is used to determine thermal
conductivity (W/mK) (Girometta et al., 2019).

Sound Absorption: Measurements of sound absorption, particularly at medium-high frequencies, are
conducted using impedance tube or anechoic chamber tests (Walter & Giirsoy, 2022).

2.3.3. Water and Moisture Resistance

Water Absorption: Samples are immersed in water for a specified time, and the mass increase is
recorded (Kutbay ve ark., 2022).

|20



/ /

(7 22" UBAK, 08 - 09 March 2025, Ankara (<~
UBAK UBAK

Thickness Swelling: Changes in thickness are measured during the same immersion tests to assess
dimensional stability (lordache et al., 2018).
2.3.4. Flammability (Ignition Time) Tests

Single Flame Source: A controlled flame is applied from a fixed distance for a set duration to determine
ignition onset (Kutbay et al., 2022).

Cone Calorimetry: Used for detailed analysis of combustion behavior (Revin et al., 2022).
2.4. Considerations for Application

Mold Selection: Paper molds may be perceived as an extra cellulose source by the mycelium, whereas
controlling moisture loss in plastic/metal molds becomes critical (Kutbay et al., 2022; Mohseni et al.,
2023).

Production Time: Incubation and drying times are critical parameters for cost and scaling (Sydor et al.,
2021).

Standardization: Variability between batches can complicate mass production. Automation is needed
to standardize process parameters (Appels et al., 2019).

3. RESULTS

The mechanical, thermal, acoustic, and flammability properties of the final composite are strongly
influenced by the chosen fungal species, substrate composition, and production parameters (moisture,
temperature, incubation time, etc.) (Attias et al., 2020; Kutbay et al., 2022). This section summarizes
frequently reported experimental findings and observations in the literature, evaluating the performance
of these materials.

3.1. Mechanical Properties
3.1.1. Density and Porosity

Density: Reported values typically range from 0.05 to 0.40 g/cm?, indicating a lightweight advantage
(Alaneme et al., 2023; Appels et al., 2019). Kutbay et al. (2022), measured densities between 0.07 and
0.09 g/cm’.

Porosity: Particle size and the degree of pressing affect the pore structure. High porosity increases
insulation but can somewhat lower mechanical strength (Elsacker et al., 2019).

3.1.2. Compressive and Flexural Strength

Compressive Strength: Most commonly reported in the 0.1-0.8 MPa range, with values approaching
or exceeding 1 MPa in pressed samples (Appels et al., 2019; Islam et al., 2018).

Flexural/Fracture Behavior: Generally sufficient for non-load-bearing components, but additional
reinforcement may be required for applications subject to high loads (Attias et al., 2020).

3.1.3. Water and Moisture Sensitivity

Water Absorption: Levels as high as 250-260% have been observed (Kutbay et al., 2022) reflecting
the porous structure.

Kahnhk Sisme: Swelling in the range of 2.5-3.5% indicates potential dimensional stability issues in
humid environments (Alemu et al., 2022).

3.2. Thermal Properties
3.2.1. Thermal Conductivity

Value Range: Measured at approximately 0.02—-0.05 W/mK, which points to good insulation (Girometta
et al., 2019; Islam et al., 2018).
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Substrate Effect: Rice husk and sawdust can lower thermal conductivity. Various combinations can
achieve values in the 0.03-0.04 W/mK range (Alaneme et al., 2023)).
3.2.2. Effect of Temperature and Humidity

Increased Moisture: Reduces insulation capacity, necessitating surface coatings in external or humid
applications (Elsacker et al., 2019; Sariay et al., 2023).

3.3. Acoustic Properties

Sound Absorption: he porous structure can yield absorption coefficients above 0.4 in the 500-2000 Hz
range (Islam et al., 2018; Walter & Giirsoy, 2022). Suitable for indoor acoustic regulation (Alemu et al.,
2022).

3.4. Flammability and Flame Retardancy
3.4.1. Ignition Time and Charring

Single Flame Source: Kutbay et al. (2022), reported ignition around the 67th second, with charring
observed beforehand. Tests using cone calorimetry highlighted low heat release rates (Revin et al.,
2022).

3.4.2. Flame-Retardant Factors

Biofilm and Additives: The protective layer formed by Fusarium oxysporum or additives such as boron
compounds can extend ignition times (Appels et al., 2019; lordache et al., 2018).

3.5. Other Findings and Observations

3.5.1. Pressing and Compaction

Cold Pressing: Retains porosity.

Hot Pressing: Increases density and strength (Appels et al., 2019; Attias et al., 2020).

3.5.2. Mold Selection

Paper Molds: May become fused into the substrate.

Plastic/Metal Molds: Require careful moisture control (Kutbay et al., 2022; Mohseni et al., 2023).

3.5.3. Variation Among Batches

Even with the same methods, products can vary significantly. Contamination and incubation
conditions must be stabilized for mass production (Alaneme et al., 2023; Elsacker et al., 2019).

3.6. General Assessment

Low density, effective thermal/acoustic insulation, and partial flame retardancy are the strengths
of mycelium-based composites (Alemu et al., 2022; Kutbay et al., 2022). However, their sensitivity to
water and moisture, limited mechanical strength, and lack of standardized large-scale production
underscore the need for continued R&D (Appels et al., 2019). It is predicted that such limitations can
be significantly mitigated through the correct choice of species/substrate and the use of surface
protection techniques (Sydor et al., 2021).

4. DISCUSSION

The findings detailed in the previous section clearly demonstrate that mycelium-based
biomaterials offer noteworthy advantages in terms of sustainability, low carbon footprint, lightness,
insulation (thermal and acoustic), and biodegradability (Alaneme et al., 2023; Attias et al., 2020; Kutbay
et al., 2022). At the same time, important limitations persist, including susceptibility to moisture and
water, relatively low mechanical strength, and standardization challenges in mass production (Appels et
al., 2019; Elsacker et al., 2019). This section discusses the practical implications of these findings and
future-oriented areas for improvement.
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4.1. Strength and Insulation Performance: Mutual Interaction

Balancing Mechanical Strength vs. Insulation: High pressing or densification improves mechanical
strength but reduces porosity, which in turn can diminish thermal/acoustic insulation (Revin et al.,
2022). Production parameters must therefore be optimized according to the application’s aims (Alaneme
et al., 2023; Sariay et al., 2023).

4.2. Sensitivity to Water and Moisture

Limited Use in Outdoor Settings: High water absorption and thickness swelling values (Kutbay et al.,
2022) mean that additional coatings are needed for exterior or damp environments (Appels et al., 2019).

Surface Protection Options: Experiments with biopolymer-based or wax/resin coatings are ongoing
(Alaneme et al., 2023; Sydor et al., 2021).

4.3. Flammability Behavior and Safety

Ignition Time and Retardancy: While it may be possible to lengthen the onset of ignition, full
compliance with fire codes may require additional chemicals or layered structures (Kutbay et al., 2022;
Revin et al., 2022).

Fusarium oxysporum and Biofilm Formation: Certain fungal species can create a flame-retardant film
on the surface (lordache et al., 2018).

4.4. Production Process and Scale-Up

Inter-Batch Variability: Due to biological processes, each batch can yield differing outcomes, posing
quality control challenges in mass production (Elsacker et al., 2019).

Automation and Robotics: Full automation of inoculation, incubation, and drying processes, supported
by robotic systems, can improve product quality (Alaneme et al., 2023; Mohseni et al., 2023).

4.5. Environmental and Economic Perspective

Low Carbon Footprint: The use of renewable resources and low energy consumption add significant
value in green building certifications (Alemu et al., 2022; Attias et al., 2020).

Cost Analysis and LCA: Although an abundance of raw materials reduces cost, long production times
and automation needs affect overall costs (Revin et al., 2022).

4.6. uture Directions and Areas for Improvement

Material Modifications: Flame-retardant additives, biofilm coatings, and water-repellent treatments
(Appels et al., 2019; lordache et al., 2018).

Species and Substrate Diversity: Desired mechanical/thermal properties can be targeted through
different fungal species and waste combinations (Kutbay et al., 2022; Tacer-Caba et al., 2020).

4.7. Overall Assessment

Mycelium-based biomaterials exhibit strengths in lightness, insulation, and sustainability. If
limitations regarding mechanical strength, water resistance, and standardized mass production can be
addressed, these materials could find a much broader range of applications than conventional materials
(Kutbay et al., 2022; Sydor et al., 2021). Given their contribution to the circular economy and low carbon
footprint, large-scale commercialization of these materials is expected in the future (Alemu et al., 2022).

5. CONCLUSION AND RECOMMENDATIONS
5.1. Conclusions
Sustainability and Environmental Benefits

Mycelium-based biomaterials, derived from agricultural or industrial waste, offer a low carbon
footprint and biodegradability (Attias et al., 2020; Kutbay et al., 2022). They align with circular
economy principles and contribute significantly to waste management (Alemu ve ark., 2022).
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Mechanical and Physical Performance

Densities range between 0.05 and 0.40 g/cn?’, resulting in lightweight materials with excellent
thermal (0.02-0.05 W/mK) and acoustic insulation properties (Girometta et al., 2019; Walter & Glirsoy,
2022).

Sensitivity to water and moisture can be a limitation for outdoor applications, but there is potential
for improvement through coatings or different production methods (Appels et al., 2019; Kutbay et al.,
2022).

Flammability and Safety

Although ignition onset times can be comparable to or longer than those of synthetic foams,
overall heat release rates are lower (Revin et al., 2022). Certain fungal species can produce flame-
retardant biofilms (lordache et al., 2018).

Production Process and Standardization

Small variations in incubation, pressing, or drying can lead to significant differences in final
product properties (Elsacker et al., 2019). Automation, robotics, and quality control protocols are
essential for mass production (Mohseni et al., 2023).

Application Potential

Mycelium composites show great promise in construction (insulation, filling), packaging, and
decorative/design sectors (Rajendran, 2022; Sariay et al., 2023).

5.2. Recommendations
Improving Mechanical and Water Resistance

Incorporating biopolymer coatings (chitosan, lignin-based resins) or boron-based chemicals for
flame-retardant/water-repellent properties (Appels et al., 2019; lordache et al., 2018).

Optimizing press and mold design parameters to balance density, strength, and insulation (Kutbay
et al., 2022).

Automation and Mass Production

Employing 3D printing, robotic inoculation, and sensor-based humidity/temperature control to
ensure consistent quality (Mohseni et al., 2023).

Developing international standardization guidelines for serial production (Elsacker et al., 2019).
Diverse Fungal Species and Substrate Combinations

Exploring less-studied species like Fusarium oxysporum and Agaricus bisporus for additional
benefits (biofilm formation, rapid spread) (Alaneme et al., 2023; Tacer-Caba et al., 2020).

Mixing wheat straw, rice husk, coffee grounds, and corn cabs in different ratios to achieve desired
composite properties (Kutbay et al., 2022).

Fire Safety and Chemical Modification

Applying flame-retardant chemicals during incubation or as post-production coatings (Appels et
al., 2019). Investigating the flame-retardant potential of surface films produced by Fusarium oxysporum
or similar species (lordache et al., 2018).

Economic and Logistical Viability

Reducing raw material costs by utilizing local waste sources (Rajendran, 2022). Assessing
commercial sustainability through life cycle analysis (LCA) and cost-benefit studies (Alaneme et al.,
2023).

5.3. Overall Assessment
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Mycelium-based biomaterials are garnering increasing attention due to their low carbon
footprint, contribution to waste management, and relatively straightforward production processes (Attias
et al., 2020; Kutbay et al., 2022). The results confirm their potential as alternatives to conventional
petroleum-based foams, especially in thermal/acoustic insulation and packaging (Sariay et al., 2023;
Walter & Giirsoy, 2022). However, it is evident that further research is needed in areas such as
mechanical enhancement, water resistance, and standardization for large-scale production (Elsacker et
al., 2019). With technological and scientific innovations, mycelium-based composites are expected to
become a widely adopted industrial solution in the near future (Alemu et al., 2022; Revin et al., 2022).
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Ozet: Yapay zeka sistemleri bircok alanda devrim yapmistir ve kontrol teorisi ile sarkag sistemleri iizerindeki etkisi
de benzer sekildedir. Bu alanlarda yapay zeka kullamimi, karmasik ve dogrusal olmayan dinamikleri daha yiiksek
verimlilik ve dogrulukla ele alabilen gelismis kontrol stratejilerinin gelistirilmesini saglamistir. Kontrol
teorisinde, sinir aglari ve takviyeli 6grenme gibi yapay zeka algoritmalari, siirekli olarak 6grenebilen ve degisen
sistem davranislarina uyum saglayabilen uyarlanabiliv kontrolorler tasarlamak icin kullanilmaktadir. Bu
vaklasim, kontrol sistemlerinin performanslarim ger¢ek zamanli olarak otonom bir sekilde optimize etmeleri i¢in
veni olanaklar sunmus ve daha saglam ve giivenilir kontrol ¢oziimlerinin ortaya ¢ikmasina imkan tanimistir.
Sarkag sistemleri baglaminda, yapay zeka tabanli kontrol yaklasimlar:, bozucularin bozukluklarin ve ¢evresel
belirsizliklerin varliginda bile sarkac¢ hareketini etkili bir sekilde stabilize etme ve kontrol etme potansiyeli
sunmaktadur. Yapay zekamn yardimiyla sarkag sistemlerinin dogasi geregi dogrusal olmayan dinamiklerini hassas
bir sekilde ele alabilen akilli kontrol sistemleri gelistirilmektedir. Bununla birlikte, yapay zekamn kontrol teorisi
ve sarkag sistemlerine entegrasyonu, gelecekteki sistem davranisini ongorebilen ve istenen performans sonuglarin
elde etmek i¢in kontrol eylemlerini proaktif olarak ayarlayabilen éngériicii kontrol tekniklerinin gelistirilmesine
olanak saglamistir. Bu yetenek, kontrol sistemlerinin kararliigini ve verimliligini artirmakla birlikte aym
zamanda sarkag tabanli uygulamalarda ongoriicii bakim ve ariza tespiti i¢in firsatlar sunmaktadir. Sonug olarak,
kontrol teorisi ve sarkag¢ sistemlerinde yapay zekamin benimsenmesi, kontrol stratejileri, kararlilik ve ongorii
veteneklerinde onemli ilerlemeler saglamistir. Bu ¢alismada gergek bir ters sarkag sistemine ait parametreler
Matlab/Simulink ortamina aktarilacak ve yapay zeka alanimin onemli bir alt dali olan reinforcement learning
kontrol metodu ile bilgisayar ortaminda Matlab/Simulik yazilimina aktarildiktan sonra algoritmada egitilerek ters
sarkacwn bilgisayar ortaminda kontrol edilmesi saglanacaktir.

Anahtar Kelimeler: Kontrol Teorisi, Yapay Zeka, Pekistirmeli Ogrenme, Ters Sarkag, Robotik
Control of An Inverted Pendulum Using Reinforcement Learning in MATLAB/Simulink Software

Abstract: Artificial intelligence (Al) systems have brought about a revolution in numerous domains, and their
impact on control theory and pendulum systems is no different. The utilization of Al in these areas has facilitated
the development of sophisticated control methodologies capable of managing complex and nonlinear dynamics
with increased efficiency and precision. Within control theory, Al algorithms such as neural networks and
reinforcement learning are employed to devise adaptive controllers that can continuously learn and adapt to
evolving system behaviors. This approach has created new opportunities for control systems to autonomously
optimize their real-time performance, leading to more robust and dependable control solutions. Regarding
pendulum systems, Al-based control approaches hold promise for effectively stabilizing and managing pendulum
motion, even in the presence of disturbances and environmental uncertainties. With the assistance of Al, intelligent
control systems are being developed to precisely handle the inherently nonlinear dynamics of pendulum systems.
Furthermore, the integration of Al into control theory and pendulum systems has led to the development of
predictive control techniques capable of forecasting future system behaviors and proactively adjusting control
actions to achieve desired performance outcomes. This capability not only enhances the stability and efficiency of
control systems, but also provides opportunities for predictive maintenance and fault detection in pendulum-based
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applications. Consequently, the adoption of artificial intelligence in control theory and pendulum systems has
resulted in significant advancements in control strategies, stability, and predictive capabilities. This study aims to
transfer the parameters of a real inverted pendulum system to the Matlab/Simulink environment and control the
inverted pendulum in a computer-based setting using reinforcement learning control, an important sub-branch of
the artificial intelligence field. This will involve training the algorithm after transferring it to the Matlab/Simulink
software.

Keywords: Control Theory, Artificial Intelligence, Reinforcement Learning, Inverted Pendulum, Robotics

1. INTRODUCTION

Boubaker and Iriarte (2017) and Khan et al., (2018) states that inverted pendulum systems are structures
that are encountered as theoretical research and various experimental objects in the field of control
engineering and are expressed as nonlinear systems. Kim and Kwon (2015) and Xu and Yu (2004)
shows that high-order nonlinear models called inverted pendulum systems find practical application in
structures such as humanoid robots and two-wheeled self-balancing systems.

The inverted pendulum system basically consists of a pendulum that swings freely without providing
movement and a carriage part that moves on a certain axis to ensure that this pendulum remains balanced
in an upright position as depicted by Bicakci (2012). On the other hand, inverted pendulum systems are
one of the basic criteria used in the field of control engineering.

Reinforcement learning plays a crucial role in the advancement of artificial intelligence. It enables Al
systems to learn and adapt in dynamic environments, make complex decisions, and optimize their
actions based on feedback. Arulkumaran et al., (2017) proves that these features are essential for many
areas, especially robotics applications.

However, in recent years, the use of inverted pendulum applications in control systems has shown great
potential for a variety of industries, including robotics, aerospace, and manufacturing. Brunke et al.,
(2021) states that as technology continues to advance, the potential for these systems to increase
efficiency, safety, and overall performance is also increasing.

2. METHOD

The system basically consists of an inverted pendulum, Labview software for controlling the inverted
pendulum, and MATLAB software for simulation work in a computer environment. The inverted
pendulum structure used in the study consists of the car belonging to the system, the 3-joint arm structure
coupled to the car, the myRIO module from National Instruments, and power supply components.
Figure 1 shows the physical inverted pendulum structure. The cart on which the inverted pendulum
system is mounted has a 1.8-meter range of motion and moves on a linear slide with a belt-pulley
mechanism. The position of the cart is controlled by a linear incremental encoder with a resolution of
0.025 mm, and the angle of the pendulum is controlled by a rotary incremental encoder with a resolution
of 0.018 degrees using the National Instruments myRIO embedded system. The myRIO hardware
includes an ARM Cortex A9 processor and a Xilinx Zyng 7 FPGA structure.
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Figure 1. Inverted Pendulum System.

The parameters of the physical quantities of the inverted pendulum system in the laboratory environment
were first transferred to the MATLAB/Simulink environment. After this transfer, a single-joint model
of the same inverted pendulum structure was created in the computer environment instead of the physical

inverted pendulum structure.

The physical parameters of the inverted pendulum system are given in Table 1.

Table 1. Physical Parameters of an Inverted Pendulum.

Symbol Description Value
m Mass of the pendulum 2.09838 kg
1 Length of the center of gravity 0.25535m
I Moment of inertia of the pendulum 0.05052 kg.m’
g Gravitational acceleration 9.81 nv/s’
M Mass of the car 1.70411 kg
r Pulley Radius 0.012415 m
N Gear ratio 8
n Dc motor efficiency 0.90
K¢ Torque constant 0.0385 N.m/A
Ko Inverse electromotr force coefficient 0.0385 V.s/rad
Ra Armature resistance 0.103 ohm
Jin Moment of inertia of the motor 6.03e-5 kg.m’
Fp Viscous friction constant of the pendulum 0
Fr Viscous friction constant of the car 72.49 N.s/m

In order to run the reinforcement learning control structure in a computer environment, the Simulink
diagram given in Figure 2 was created using the “MATLAB Reinforcement Learning Toolbox”.
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Figure 2. MATLAB/Simulink Diagram.
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functions of the model used is defined as in Figure 3.

After the specified arrangements, the code structure given below was run in the MATLAB software
environment and agent training was started. The MATLAB software codes for the application are as

follows.

Figure 3. Critic Network Layers
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mdI="rISimplePendulumLabVal";
open_system(mdl)

obsinfo = rINumericSpec([3 1])

obsInfo.Name = "observations";

actinfo = rIFiniteSetSpec([-24 0 24])

actinfo.Name = "torque";

agentBlk = mdl + "/RL Agent";

env = rISimulinkEnv(mdl,agentBlk,obsInfo,actInfo)
env.ResetFcn = @(in) setVariable(in,"theta0",pi,"Workspace",mdl);
Ts =0.05;

criticNet = [
featurelnputLayer(prod(obsinfo.Dimension))
fullyConnectedLayer(24)

reluLayer

fullyConnectedLayer(48)

reluLayer
fullyConnectedLayer(numel(actinfo.Elements))];
criticNet = dinetwork(criticNet);
summary(criticNet)

plot(criticNet)

critic = rlVectorQValueFunction(criticNet,obslInfo,actinfo);
criticOpts = rlOptimizerOptions(LearnRate=0.001,GradientThreshold=1);
agentOptions = rIDQNAgentOptions(...
SampleTime=Ts,...
CriticOptimizerOptions=criticOpts,...
ExperienceBufferLength=3000,...
UseDoubleDQN=false);

agent = rIDQNAgent(critic,agentOptions);
trainingOptions = rITrainingOptions(...
MaxEpisodes=1000,...

MaxStepsPerEpisode=500,...
ScoreAveragingWindowLength=5,...
Verbose=false, ...

Plots="training-progress",...
StopTrainingCriteria="AverageReward",...
StopTrainingValue=-750,...

SaveAgentCriteria="EpisodeReward",...

/
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SaveAgentValue=-750);

trainingStats = train(agent,env,trainingOptions);
simOptions = rISimulationOptions(MaxSteps=500);
experience = sim(env,agent,simOptions);

3. FINDINGS

The output found in the agent training performed to balance the inverted pendulum system is given in
Figure 4. In this graph, the number of episodes performed by the agent during its training is shown on
the x-axis, and the reward value received by the agent in each episode is shown on the y-axis. Here,
episode is the unit training period consisting of the agent's 500-step movement in our system. Due to the
structure of the Agent DQN, it can only move discretely, that is, it moves the cart to the right or left by
applying maximum torque to keep the pendulum, which starts in a stable rest position, in balance by
bringing it to an unstable rest position during an episode. An episode ends after the agent performs this
action 500 times and receives the reward calculated by the reward function determined by the designer

while designing the reinforcement learning system (in this simulation, it is r, = — (Btz + 0.19}2 +

0.001u§_1)) as feedback. In order to increase exploration during the training process, the agent trains

the neural network by choosing the action that will maximize this reward or a random action at each
step, depending on the epsilon value in the system. At the end of the training process, the desired total
reward was reached in the 26th episode and the system was kept in the desired balance.

Figure 4. MATLAB Simulation Results.

Episode reward for riSimplePendulumLabVal with iDQNAgent

As shown in Figure 5, the inverted pendulum system was kept in balance by using the reinforcement
learning method, which was used for a total of 28 iterations to balance the system.
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Figure 5. MATLAB Training Results.
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In Figure 6, the result image of the simulation of the swing up experiment of the inverted pendulum
using the neural network obtained as a result of training with the parameters belonging to the physical

inverted pendulum structure is given.

Figure 6. MATLAB Inverted Pendulum Simulation Results.
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4. CONCLUSION

The parameters of a real inverted pendulum system were transferred to the MATLAB/Simulink software
environment. A reinforcement learning agent was trained using the simulation environment and the
Reinforcement Learning Toolbox. After training the Al agent kept the pendulum in the equilibrium
position in the experiment simulations. The results obtained were determined to be successful and a
study was carried out in the field of control engineering.
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5. RECOMMENDATIONS FOR FUTURE STUDIES

The potential of reinforcement control systems in inverted pendulum applications can be evaluated as
unlimited. Developments in a technological field such as artificial intelligence and machine learning
will continue to play an important role for these control systems.

The results obtained with the Reinforcement Learning control structure, one of the sub-divisions of
artificial intelligence, can be transferred to the controller in the system in real time to be used in the
control of the inverted pendulum existing in the physical world.
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Ozet: Bu calisma, ornekleme frekanst ve pencere uzunlugunun, yiiksek frekansli mekanik titresime (50 Hz - 3000
Hz) maruz kalan nonlineer bir kau¢uk numunenin coherence tahmini tizerindeki etkisini incelemektedir.
Geleneksel olarak lineer sistemlere odaklanan ¢alismalarin aksine, bu arastirma kanatli tasarima sahip
elastomerik bir bileseni analiz etmekte olup, ivme giris sinyali olarak uygulanirken, kuvvet ¢ikis sinyali olarak
olciilmektedir. Coherence fonksiyonu, Welch yontemi kullamlarak farkli pencere uzunluklar: (%60.1'den %100'e
kadar) ve dort farkl 6rnekleme frekansi (8192, 16384, 32768, 65536 Hz) ile hesaplanmistir. Elde edilen sonuglar,
spektral sizinty ile frekans ¢oziiniirliigii arasindaki dengeyi ortaya koymakta ve pencere uzunlugu toplam sinyal
stiresinin %50 ’sini astiginda coherence degerlerinin yapay olarak 1’e ulastigimi gostermektedir. Bu ¢alisma,
Welch tabanli coherence analizinin nonlineer kaug¢uk malzemelere uygulanmasina dair énemli metodolojik
bulgular sunmakta olup, pencereleme ve spektral ortalama ile ilgili geleneksel varsayimlarin, bu tiir malzemelerde
hatali yorumlamalara yol agabilecegini ortaya koymaktadir. Elde edilen bulgular, yiiksek frekansli uyarima maruz
kalan nonlineer elastomerik sistemlerin frekans alamndaki karakterizasyonunun giivenilirligini artirmaya katkida
bulunmaktadir.Keywords: Nonlinear Rubber rubber materials, Coherence analysis, Welch method, High-
frequency vibration, Sampling rate effect

Anahtar Kelimeler: Nonlineer Kauguk Malzeme, Coherence Analizi, Welch Metodu, Yiiksek Frekans Titresim,
Ornekleme Orami Etkisi

Effect of Sampling Rate and Window Length On Coherence Analysis of Nonlinear Rubber Components
Under High-Frequency Vibration

Abstract: This study investigates the influence of sampling rate and window length on the coherence estimation of
a nonlinear rubber specimen under high-frequency mechanical vibration (50 Hz - 3000 Hz). Unlike traditional
studies focusing on linear systems, this research analyzes an elastomeric component with a winged design, where
the input signal is acceleration, and the output is force. The coherence function is computed using Welch’s method
with varying window lengths (0.1% to 100% of the total signal duration) and four different sampling rates (8192,
16384, 32768, 65536 Hz). The results reveal a trade-off between spectral leakage and frequency resolution, with
coherence values artificially reaching 1 when the window length exceeds 50% of the total duration. This study
provides critical insights into the application of Welch-based coherence analysis for nonlinear rubber materials,
where traditional assumptions about windowing and spectral averaging may lead to misleading interpretations.
The findings contribute to improving the reliability of frequency-domain analysis in nonlinear elastomeric systems
subjected to high-frequency excitation.

Keywords: Nonlinear Rubber Materials, Coherence Analysis, Welch Method, High-Frequency Vibration,
Sampling Rate Effect

1. Introduction

Elektric vehicles' increasing usage and popularity in recent years have led to new requirements for
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various components used in automobiles[1]. One of these changes is related to the vibration conditions
generated by the vehicle. In internal combustion engine vehicles, mechanical waves reach up to a
maximum of 200 Hz, whereas in electric vehicles, they exhibit significantly lower amplitudes but can
extend up to 2500 Hz. This shift has necessitated that rubber-based vibration-damping components,
which are inherently nonlinear in both design and material properties, be developed with different design
considerations and material characteristics.

Mechanical vibration analyses are widely used in engineering applications to understand system
dynamics and characterize material behavior. The coherence function is a crucial tool for determining
the frequency-dependent relationship between a system's input and output signals. Traditionally,
coherence analyses have been primarily applied to linear systems and used to examine the frequency
response of linear materials. Additionally, in the past, the automotive industry did not focus on high-
frequency behaviors due to the lack of necessity for such analyses. However, nonlinear elastomeric
materials, such as rubber, exhibit complex and non-linear responses to high-frequency vibrations.

The Welch method is one of the most commonly used techniques for estimating spectral density
functions, aiming to enhance frequency resolution while reducing spectral leakage through windowing
and averaging processes|[2]. However, the impact of window length and data segmentation on coherence
estimation has not been sufficiently investigated for nonlinear materials. In particular, there is no
systematic study in the literature on how to optimize window length and sampling frequency in the
coherence analysis of elastomeric components subjected to high-frequency mechanical vibrations.

In this study, the coherence analysis of a nonlinear rubber specimen with a finned design was conducted,
and the effects of sampling frequency and window length on the coherence function, calculated using
the Welch method, were investigated. In the analysis, acceleration was selected as the input signal, while
force was chosen as the output signal, and a sweep test was performed in the frequency range of 50 Hz
to 3000 Hz. The sampling frequency was varied across four different values (8192, 16384, 32768, and
65536 Hz), while the window length was incrementally increased from 0.1% to 100% of the test
duration. Welch-based Cross-Power Spectral Density (CPSD) and Auto-Power Spectral Density
(APSD) calculations were performed accordingly.

The obtained results indicate that as the window length increases, spectral leakage decreases; however,
frequency resolution is altered. Additionally, it was observed that when the window length exceeds 50%
of the total signal duration, the coherence values artificially reach 1. This finding provides important
insights into how reduced data segmentation and spectral averaging influence coherence calculations.

This study presents new methodological approaches for optimizing Welch-based coherence analysis to
better understand the behavior of nonlinear rubber materials under high-frequency vibrations. The
findings contribute to the frequency-domain characterization of nonlinear elastomers, enabling more
reliable analyses in engineering applications.

2. Theoretical Background
2.1. Auto-Power Spectral Density (APSD) and Cross-Power Spectral Density (CPSD)

The power spectral density (APSD) of a signal x(t) represents the power distribution of the signal across
different frequency components and is defined using the Fourier transform as follows:

Sw=lim ZE[|Xr ()] (eq. D3]
Here:
e S«(f) — Auto-Power Spectral Density
e Xy (f) — Fourier transform of signal
e T — Length of Signal

e E[.] — Expected value operator

The cross-power spectral density (CPSD) between two signals defines the frequency-dependent
relationship between the input signal x(t) and the output signal y(t) and is expressed as follows:
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Sxy=lim ZE[1X7(DYr (D] (eq. 2)[4]
Here:
o S,(f) — Cross power spectral density between signals x(t) and y(t)
o X7(f) > Complex conjugate Fourier transform of signal x(t)
e Y;(f) — Fourier transform of signal y(t)

These calculations can be performed directly using the Fourier transform; however, the Welch method
is employed to reduce spectral leakage and obtain reliable results through windowing and averaging
processes [1].

2.2. CPSD and APSD Calculation Using the Welch Method

The Welch method is a technique used to reduce spectral leakage and decrease the variance caused by
data segmentation in spectral density calculations. In this method, the signal is divided into segments of
specific lengths, the Fourier transform is calculated for each segment, and the results are averaged [5].
The calculation of APSD and CPSD for a signal using the Welch method is performed through the
following steps.

» The signal is divided into segments of specific lengths (e.g., at percentages
such as 10%, 20%).

» A window function is applied to each segment (in this study, a Hanning
window was used).

» The FFT of each segment is calculated to obtain the power spectral density.
» The spectral density is calculated by averaging across all segments.
2.3. Coherence Function

The coherence function indicates the strength of the linear relationship between the input and output
signals of a system in the frequency domain[5]. The coherence value ranges from 0 to 1, with values
closer to 1 indicating a stronger linear relationship between the signals. Coherence is defined by the
following formula:

ISxy (DI

Sxx(F)Syy () (eq. 3)[6]

])V,ch(f) =

Here:
. y,zcy(t) — Coherence function between input and output signals
* Sy (f) — Cross power spectral density
o S..(f) = APSD of input signal
e S,,(f) — APSD of output signal

When the coherence value is 1, the two signals are completely linearly related. In this study, the
coherence values reaching 1 when the window length exceeds 50% of the total signal duration are due
to the loss of data averaging resulting from the decrease in the number of segments.

2.4. Reasons for Choosing the Hanning Window

In this study, the Hanning window was chosen to reduce spectral leakage. It is one of the most commonly
used windows in data segmentation and is widely preferred in vibration analysis. Its formula is as
follows [5]:

2mn

w(n) = 0.5 (1- cos(—) ) (eq. 4)[5]

Here, w(n) represents the Hanning window function, and N is the window length. The primary reason
for choosing the Hanning window in this study is its ability to reduce spectral leakage. It suppresses the
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side lobes of sharp frequency components and prevents the emergence of unwanted spurious spectral
components in vibration analysis. At the same time, it provides a balanced frequency resolution [5].

3. Experimental Methodology
3.1. Test Specimen

The test specimen is a nonlinear elastomeric rubber component with a finned design, created as an
example of vibration isolation systems used in automotive and aerospace applications.

3.2. Experimental Setup

In the experiment, an electro-dynamic shaker was used with a sweep rate of 1 Octave/minute, covering
the frequency range of 50-3000 Hz. The amplitude was set to 3g.

An accelerometer of PCB brand was used for collecting acceleration data, while a Kistler brand
piezoelectric force sensor was used for collecting force data. The accelerometer will collect the input
signals of the system, and the force sensor will collect the output signals. It should also be noted that a
4.97 kg apparatus was used in the system to compensate for the effects of the moment of inertia.

The test was repeated four times under the exact same conditions. In each test, different sampling
frequencies were used sequentially: 8192, 16384, 32768, and 65536 Hz. The test setup and specimen
are shown in the figure and table below. Additionally, the table provides all the parameters applied
during the test. During the data collection phase of this study, the test was repeated using the same
parameters each time.

Figure 1: Test specimen

Table 1: Test Parameters

Specimen Name Hollow Rubber Spring
Upper Mass[kg] : 4.97kg

Frequency Interval[Hz] : 50-3000

Preload[N] : 600

Amplitude|g] : +3

Sweep Rate[Oct/min] 1

Sampling Rate[sample/sec.] 8192, 16384, 32768, 65536
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3.3. Data Processing

In this section, the stages of data processing of the study are given in order.

The obtained signals were analyzed using Matlab. The Welch method was used for the
coherence calculation, and the following steps were followed:

The data was transferred into the Matlab environment.

After the acceleration data was transformed into the frequency domain using FFT, it was
converted into displacement data by taking two integrals. Then, the inverse FFT was applied
to obtain the input signal in the time domain, with the unit "mm."[7].

Before using the force sensor data, the net force was calculated manually by multiplying the
acceleration data on the system with the 4.7 kg upper mass information, which was entered
manually into the system. The moment of inertia effect, caused by the upper mass, was then
calculated and added to the recorded force, resulting in the net force. The obtained net force
is considered the system’s output signal.

The APSD and CPSD functions were obtained using the Hanning window. The window
length was changed from 0.1% to 100% of the length of the input and output signals of the
same length, and the APSD and CPSD calculations were repeated. The aim of this study is to
investigate the variability of spectral leakage and frequency resolution. Additionally, the
overlap ratio was kept constant at 50%.

Coherence was calculated for each window length using the obtained APSD and CPSD, and
frequency-dependent graphs were plotted.

This process was repeated for each data set collected at different sampling rates.

4. Results and Discussion
4.1. Results

As described in section 3.3, as a result of these processes, graphs containing the Coherence results for
data sets with four different sampling rates, selected in accordance with the Nyquist Theorem from 0.1%

window length to 100% window length, were obtained[8].

In the study, numerous graphs were obtained, and some examples for different sampling rates and
window lengths are provided. As stated at the beginning of the paper, the test conditions were kept
consistent throughout. That is, the tests were performed with the same sweep rate and within the same
frequency ranges. The only variation was the sampling rate, so each of the four sets of graphs represents

the same test, but recorded with different sampling rates.

Coherence for window length 0.5% of time data length Coherence for window length 20.0% of time data length

. SRR D , L i
\f ¥ e \(

1'\ ! V

o
®
o
®

o
®
o
>

Magnitude
Magnitude

o
'S
o
S

02 02

500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
Frequency[Hz] Frequency[Hz]

139



/

-

'UBAK

22t UBAK, 08 - 09 March 2025, Ankara

N
(o

'UBAK

Coherence for window length 40.0% of time data length

Coherence for window length 90.0% of time data length

=
B 8 R SIS 3 1
|
08 08 7]
@« @
© °
206 2061 7
£ c
=) =)
(o] o
= =
04 04 4
0.2 02 7]
0 o i H i H i
500 1000 1500 2000 2500 3000 500 1000 1500 2000 2500 3000
Frequency[Hz] Frequency[Hz]

Figure 2: Coherence Results of Different window lengths on Sampling Rate 8192 Hz.
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Figure 5: Coherence Results of Different window lengths on Sampling Rate 65536 Hz.

As seen in the coherence results for data groups with different sampling rates, the spectral leakage and
frequency resolution in the coherence results vary depending on the ratio of the window length to the
total data duration. To analyze these variations, the standard deviations, mean values, and the time spent
by the computer to perform these calculations for all the obtained coherence data were computed or
recorded. This allows for making inferences and interpreting the results.
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Figure 6: Mean of Coherence Results For Different Window Lengths
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Figure 8: Elapsed Time of Coherence Results For Different Window Lengths

4.2. Discussion

This study evaluated the response of a nonlinear rubber material to mechanical vibration in the range of
50 Hz to 3000 Hz through the coherence function and comprehensively analyzed the effects of window
length and sampling frequency. The key findings of the study reveal that the coherence values,
calculated using various sampling frequencies (8192 Hz, 16384 Hz, 32768 Hz, 65536 Hz) and window
lengths (ranging from 0.1% to 100%), exhibited different patterns.

The standard deviation graph shows that as the window length exceeds 50%, the coherence calculations
become increasingly stable. However, this stabilization is not due to a real physical effect but rather a
methodological artifact. The standard deviation increased up to a certain window length, but after the
50% threshold was surpassed, it approached zero. This finding emphasizes the need for careful selection
of windowing parameters when performing coherence analysis on nonlinear systems.

In the elapsed time graph, it was observed that the calculation times increased with higher sampling
frequencies. Calculations were fastest at 8192 Hz, while at a sampling frequency of 65536 Hz, the
elapsed time increased significantly, and the computational load rose dramatically. High sampling
frequencies, especially when combined with large window lengths, significantly increase the
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computation times, which highlights the need to determine an optimal sampling frequency and window
size.

An important contribution of this study is the detailed examination of coherence analysis on nonlinear
materials such as rubber. It has been observed that in the literature, the response of these materials to
high-frequency vibrations up to 3000 Hz has been studied only to a limited extent. With the rise of
electric vehicles, it is a fact that rubber-based materials are exposed to higher frequencies, and therefore,
accurately analyzing the behavior of these materials under high-frequency vibrations is of critical
importance.

5. Conclusion

This study has thoroughly examined the response of nonlinear rubber materials to high-frequency
mechanical vibrations using the coherence function. Analyses conducted under various sampling
frequencies and window lengths revealed that when the window length exceeds a certain threshold, the
coherence values artificially approach 1, and there is a critical balance between spectral leakage and
frequency resolution.

Standard deviation analyses revealed that the stability of coherence calculations increased up to a certain
point, but after the 50% window length threshold was surpassed, it reached zero due to a methodological
artifact. The study also highlights the impact of high sampling frequencies on computation times,
emphasizing the importance of selecting an optimized windowing and sampling frequency for practical
applications.

With the rise of electric vehicles, accurately modeling the behavior of rubber-based materials under
high-frequency vibrations has become increasingly critical. This study contributes important
methodological findings to the literature on high-frequency vibration analysis of nonlinear elastomeric
systems and aims to guide both past and future research on such materials.
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Ozet: Bu calisma, simiilasyon tabanli egitimlerin pilotlarin 6grenme siirecleri iizerindeki etkisini incelemektedir.
Arastirmaya katilan 94 pilotun verileri analiz edilerek, simiilasyon destekli egitimlerin 6grenmeye yonelik
motivasyon, problem ¢ézme becerileri, 6zgiiven ve ekip ¢alismasi iizerindeki katkilar: degerlendirilmistir.
Bulgular, katilimcilarin %81-%87 oranminda hipotezlere katildigimi gostermigstir. Arastirmada, yas ve deneyim
Sfarkliliklarimin egitim beklentileri ve bilgi algisi tizerinde belirleyici oldugu bulunmustur. Daha tecriibeli pilotlarin
egitim hedeflerine yonelik daha elegtirel bir bakis agisina sahip oldugu, geng ve az deneyimli pilotlarin ise egitimi
genel bilgi edinme araci olarak degerlendirdigi tespit edilmistir. Ayrica, sadece helikopter intibakl olan pilotlar
ile hem helikopter hem de ugak intibakli olan pilotlar arasinda 6grenme yontemleri agisindan anlaml farkliliklar
bulunmustur. Statii farkliliklar: da egitim siireglerine yonelik algilart etkilemistir. Daha deneyimli I. pilotlar egitim
stireglerine daha yiiksek ozgiivenle yaklasirken, 1I. pilotlar rehberlik ihtiyact duymaktadr. Simiilasyonlarmn,
6grenci memnuniyeti, 6grenmede 6z giiven, simiilasyon tasarimi ve egitim uygulamalart arasinda giiglii iligkiler
ortaya koydugu belirlenmistir. Ozellikle ogrenci pilotlarda, zamamnda verilen geri bildirimlerin 6grenme
stireglerine aktif katilimi tesvik ettigi goriilmiistiir. Calismanin sonucunda, simiilatérlerin teknolojik olarak
modernize edilmesi, egitim programlarmin pilotlarin ihtiya¢larina uygun hale getirilmesi ve geri bildirim
stire¢lerinin iyilestirilmesi onerilmektedir. Bu baglamda, simiilasyon destekli egitimlerin daha ger¢ekgi
senaryolarla sunulmasi, ekip ¢alismasi ve bireysel becerileri gelistiven uygulamalar icermesi gerekmektedir.

Anahtar Kelimeler: Geri Bildirim, Ogrenme Siireci, Pilot Egitimi, Simiilasyon Tabanli Egitim, Ucus
Simiilatorleri.

Investigating the Effect of Simulation-Supported Learning On Pilots in Aviation

Abstract: This study examines the impact of simulation-based training on pilots' learning processes. Data from 94
participating pilots were analyzed to evaluate the contributions of simulation-supported training to learning
motivation, problem-solving skills, self-confidence, and teamwork. The findings indicate that participants agreed
with the hypotheses at a rate of 81%-87%. The study found that differences in age and experience were significant
in shaping educational expectations and knowledge perception. More experienced pilots had a more critical
perspective on training objectives, whereas younger and less experienced pilots viewed training as a means of
general knowledge acquisition. Additionally, significant differences were found in learning methods between pilots
who were only helicopter-rated and those who were rated for both helicopters and fixed-wing aircraft. Status
differences also influenced perceptions of the training process. More experienced Captains (First Pilots)
approached training with greater confidence, while First Officers required more guidance. It was determined that
simulations established strong relationships between student satisfaction, learning confidence, simulation design,
and training applications. In particular, timely feedback was found to encourage active participation in learning
processes, especially among student pilots. As a result, it is recommended that simulators be technologically
modernized, training programs be adapted to meet pilots' needs, and feedback processes be improved. In this
context, simulation-based training should incorporate more realistic scenarios and include practices that enhance
both teamwork and individual skills.

Keywords: Feedback, Learning Process, Pilot Training, Simulation-Based Training, Flight Simulators
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1.GIRIS

Insanoglunun ug¢ma diisiincesi aslinda oldukca eskilere uzanir. Masallarda veya efsanelerde ucabilen
insanlar ya da ugan halilara binen kahramanlar sik¢a karsilasilan motiflerdir. Bu baglamda, ilk ugan
insan olarak tanman Ikarus, insanligin ugma arzularmin bir simgesidir. Ilkcaglardan itibaren insanlar,
kuslarin hareketlerini taklit ederek ucabileceklerini diisiinmiislerdir. Bu amagla, kollarina bezlerle
kaplanmis agac kirislerden kanatlar takarak kendilerini bosluga birakmuslar (Tok, 1999). Havacilik
tarihinde basariyla ugan ilk ugcagi ABD’li Orville ve Wilbur Wright kardesler icat etti. Hafif bir benzinli
motora sahip olan ugak 17 Aralik 1903 tarihinde yerden 3 metre yiikselerek 12 saniye havada kalmay1
basarmusti. 1800’Li yillarin sonuna kadar birgok helikopter tasarimi yapilmasina ragmen higbiri
gerceklestirilmedi. igten yanmali motorun bulunmasiyla helikopteri havalandirmak icin gereken giic
saglanmis oldu ve 1907 yilinda Fransiz Paul Cornu, gelistirdigi ¢ift pervaneli helikopter prototipiyle 20
saniyeligine yerden 30 cm havalanmay1 basardi (Sigirct, 2022).

1.1. Hava Arac1 Kazalari ve Nedenleri

Havacilik tarihinde bilinen ilk ugak kazasi Orville Wright tarafindan kullanilan Wright ugagi ile 17 Eyliil
1908'de meydana gelmis olup bir kisi 6lmiis ve bir kisi de agir yaralanmistir (TMMOB, 2007). Hava
tagimaciligl, sosyal ve ekonomik gelisime kiiresel ¢apta énemli katkilar saglayan en giivenilir ulagim
yontemlerinden biridir. Bu yiiksek derecede diizenlenmis sektorde, tiim paydaslar operasyonel
tehlikeleri 6nlemeye ve hem kisilerin hem de mallarin giivenligini artirmaya biiyiik 6nem vermektedir.
Kazalarin ve olaylarin sayist yillar iginde belirgin bir sekilde azalmistir. Bu azalma, teknolojik
ilerlemelerin yani sira insan faktorleri, organizasyonel faktdrler ve devlet giivenlik programlarma
yonelik politika, siire¢ ve diizenlemelerin etkisinden kaynaklanmaktadir. Teknik ve insan kaynakli
kazalarm yillara sari evrimi Sekil 1.1'de gosterilmistir (Lazaro ve dig., 2024).

Sekil 1.1 Teknik ve insan Kaynakli Kazalarm Yillara Sari Evrimi (Lazaro ve dig., 2024)
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1959'dan 1989'a kadar olan 30 yillik déonemde, askeri ucak ve sabotajlar hari¢ diinya capindaki ticari jet
filolarinda meydana gelen kiilli hasarli u¢ak kazalarinin ana nedenlerine bakildiginda, bu tiir kazalarin
%70'inden fazlasinin ugus ekibi faaliyetlerinden kaynaklanan hatalardan kaynaklandig1 goériilmektedir.
Bu bulgu, insan performansina iligkin sorunlarin belirlenmesi, pilot hatalarini etkileyen faktorlerin
anlagilmasi ve bu hatalarin azaltilmasi icin atilmasi gereken adimlar1 belirlemeye yonelik bir dizi
bagimsiz sorunun ortaya ¢ikmasina neden olmaktadir (Aktas, 2014).

1.2. Simiilasyon Kavram ve Havacilikta Kullanim

Simiilasyon; giindelik hayatimizda olan veya mevcudiyeti muhtemel olan durumlarimn bilisim araglar1 ile
modellenmesi anlamina gelmektedir. Simiilasyonlar1 sadece bilgisayar tabanli degil, ayn1 zamanda
insanlarin zihinlerinde olusturduklar1 dinamik kurgular olarak da ele alan; simiilasyonlarin insan
zihninde canlandirilan dinamik siirecleri de kapsadigini vurgular (Landriscina, 2013). Simiilasyonlarda
genellikle, kullanilan simiilatér pargalarin, ekranda goriinen {i¢ boyutlu igeriklerin ve kullanic
girdilerine verilen tepkimelerin olabildigince gercege benzeme beklentisi sadakat (fidelity) seviyesi ile
tamimlanir. Diger bir deyisle sadakat, simiilasyon yapay diinyasimin gergek hayati benzetme yetenegi
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olarak tanimlanabilir (de Winter ve dig., 2007). Egitim transferi, egitim sirasinda kazanilan bilgi, beceri
veya yeteneklerin ger¢ek duruma uygulanma siirecini ifade eder (Hochmitz ve Yuviler-Gavish, 2011).
Simiilator egitimi hitaminda kullanicinin gergek diinyadaki performansi eger simiilator egitimi almadan
onceki performansindan daha iyi olursa bu durum pozitif egitim transferi olarak adlandirilirken tersine,
egitimi almadan 6nceki performansindan daha koétii olursa negatif egitim transferi olarak adlandirilir.
(Lintern, 1991).

Egitim transferi ve simiilasyon sadakatinin sonuglarina 6rnek olarak 12 Kasim 2001'de yasanan hava
araci kazas1 ornek verilebilir. American Airlines Flight 587 sefer numarali bir Airbus A300 ucagi John
F. Kennedy Uluslararas1 Havalimani'ndan kalkis yapti. Kalkistan kisa bir siire sonra ugak, énceki kalkis
yapan bir ugaktan kaynaklanan wake tiirbiilansi ile karsilasti. Ucagin yasadigi dengesizlik, ugagi
kullanan yardimci pilotun her iki yonde de asir1 rudder girisi yapmasina neden oldu, bu da rudder'a asir1
yiiklenilmesine ve rudder'in ucagin lizerinden ayrilmasina yol agti. Kaza sonucunda ugakta kiilli hasar
olusurken ugakta bulunan 260 kisi ve yerdeki bes kisi hayatin1 kaybetti (NTSB, 2001). Ulusal
Tasimacilik Giivenligi Kurulu (NTSB)'nun 2001 yilinda yayinladigi American Airlines Flight 587 kaza
raporunda simiilator egitim transferi ve sadakati konusunda iki 6nemli kaza faktoriine vurgu yapmustir.
Birincisi, simiilatdr egitmenleri tarafindan yanls rudder uygulamasmin dgretilmesidir. ikincisi ise,
simiilatérdeki rudder pedal tepkilerinin ger¢ek ucakta bulunandan 6nemli 6l¢iide farkli olmasidir. Bu iki
faktoriin birlesimi, yardimci pilotun asir1 rudder pedal kontrolii yapmasina neden olmustur. Simiilator
ve ger¢ek ucak arasindaki rudder kontrolii farklarmin nedeni olarak, simiilatordeki elastik kablo
gerilmesinin gergek ucaktakinden daha az sert olmasina yol agan bir yazilim hatas1 belirtilmistir (Myers
ve dig., 2018; NTSB, 2001).

Ugus simiilasyonunun amaci, kokpit ekibi tiyeleri tarafindan algilanan ugus halindeki bir hava aracinin
davramisini yerde yeniden Uretmektir, bdylece simiilatérde ugarak, gercek hava aracini giivenli ve
verimli bir sekilde kullanmak icin gerekli becerileri gelistirebilir, siirdiirebilir ve ugus egitmenlerine/
kontrol pilotuna yeterliliklerini kanitlayabilirler (Baarspul, 1990).

Havacilik sektoriinde ¢alisanlarin, 6zellikle pilotlarin yaptiklari isler miikemmeliyet gerektirir. Bu
miikkemmeliyet ancak genis bilgi ve deneyim kazanarak ve ucus aliskanliklarim ustalikla gelistirerek
ulagilabilir. Havacilik personeli, 6zellikle ugus ekipleri, intibak egitimi ve profesyonel ¢aligma hayati
siirecinde stirekli olarak gelistirilmesi gereken bir dizi beceriye sahip olmalidir. Bunlarin en 6nemlileri
arasinda; degisen durumlara profesyonel bir sekilde yanit verebilme yetenegi, aktiviteleri 6grenme ve
hatirlama, belirli bir anda ¢6ziilmesi gereken goreve odaklanabilme yetenegi, farkli durumlarda hizli bir
sekilde ayrintili algilama ve degerlendirme yetenegi, ayn1 anda birden fazla bilgi kaynagindan gelen
verileri gozlemleme, entegre etme ve zaman araliklarimi degerlendirme yetenegi, hiz ve mesafe
arasindaki iligkiyi degerlendirme yetenegi, gérsel-motor koordinasyon yetenegi, mekansal yonelim,
kesin biligsel ve motor kontrol, zorluklar ve meydan okumalar karsisinda olumlu tutum sayilabilir
(Sasim, 2009).

2. AMAC VE YONTEM

Havacilik egitiminde simiilasyonlarin kullanimi, sadece pilotlarin bireysel performansini degil, ayn
zamanda ekip ¢aligmasini ve iletisim becerilerini de gelistirmektedir. Giiniimiizde, ¢oklu pilotlu uguslar
ve karmagik hava operasyonlari giderek yayginlasmakta ve bu durum, ekip igindeki is birliginin 6nemini
artirmaktadir. Simiilasyon ortamlari, pilotlarin birlikte calisarak senaryolar1 ¢ozmelerine olanak
taniyarak, takim ruhunu giiclendirmektedir.

Simiilasyon destekli O6grenmenin bir diger 6nemli avantaji da farkli 6grenci profillerine gore
ozellestirilmis egitim programlari1 sunabilmesidir. Her pilotun 6grenme hiz1 ve stili farklidir; bu nedenle,
simiilasyonlar, bireysel ihtiyaglara gore uyarlanabilir. Bu sayede, pilotlar kendi hizlarinda 6grenme
firsatia sahip olurken, egitimciler de 6grenci performansini anlik olarak degerlendirme imkanina ulagir.
Simiilatorlerin havacilik alanina 6nemli bir olumlu katkisi oldugunun yaninda simiilator ile fiili ugus
performans farki bulunmasi, simiilator hastalig1 gibi bir takimda dezavantajlar1 bulunmaktadir.

Bir ugus simiilatoriinde 6grenilen becerilerin ger¢ek ucusa aktarilip aktarilmadiginm arastiran yalnizca
birka¢ ¢aligma bulunmakta olup simiilasyon destekli 6grenmenin etkileri lizerine yapilan arastirmalar
smirlt kalmigtir (Balcerzak ve dig.). Bu c¢alismanin amaci, simiilasyon destekli 6grenmenin pilotlar
iizerindeki etkilerini derinlemesine incelemek ve bu yontemin egitim stireclerine olan katkilarmi ortaya
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koymaktir. Ayrica, bu arastirma, havacilik egitiminde simiilasyon kullanimimin yayginlastirilmasi igin
bir temel olusturmay1 hedeflemektedir.

Kocaeli Universitesi Fen ve Miihendislik Bilimleri Etik Kurulunun 30 May1s 2024 tarih ve 601200 no'lu
uygun goriisii dogrultusunda Kocaeli Universitesi Yonetim Kurulu tarafindan 05 Haziran 2024 tarihinde
2024/25 no.lu toplantisinda ¢alismamiz oy birligi ile uygun bulunmustur. Arastirmamizda; Jeffries ve
Rizzolo, (2006) tarafindan gelistirilen, Unver ve dig., (2017) tarafindan Tiirk¢eye uyarlanarak
giivenilirligini ve gegerliligi saglanan “Ogrenci Memnuniyeti ve Ogrenmede Oz Giiven Olgegi”,
“Simiilasyon Tasarim Olgegi” ve “Egitim Uygulamalar1 Anketi” kullanilnustir.

Orneklem biiyiikliigii belirlenirken arastirmanuzin nitel bir arastirma, degiskenlerin ise siireksiz olmasi
nedeniyle power analizi yapilirken "siireksiz degiskenlerde Orneklem biiyilikligli tahmini" ydntemi
(Biiyilikoztirk ve dig., 2017) kullamlmis ve yapilan power analizde 6rneklem biiyiikligi en 93 kisi
olarak belirlenmistir. Arastirmamzda kullanilan anket cevaplarinin SPSS programinda analizi
yapilabilmesi maksadiyla “ifadeye kesinlikle katilmiyorum” sec¢enegine 0,2, “ifadeye katilmiyorum”
secenegine 0,4, “kararsizim” segenegine 0,6, “ifadeye katiliyorum” secenegine 0,8, “ifadeye kesinlikle
katilryorum” secenegine 1,0 puam verilmistir. Olgeklerde bulunan 5'i likert tipiyle degerlendirilen 5nem
katsayilarma ise “Onemli degil” segenegine 0,2, “kismen O6nemli” segenegine 0,4, “kararsizim”
segenegine 0,6, “Onemli” se¢enegine 0,8, “cok dnemli” se¢enegine 1,0 puam verilmistir. Tiim ve ana
boliim 6lgek puanlari, katilimeilarin verdigi cevaplarin yine katilimeilarin vermis oldugu 6nem katsayist
ile carpilarak elde edilen puanlarm anket soru sayisina gore aritmetik ortalamasi alinarak hesaplanmustir.

Arastirmamizda kullandigimiz 6grenmede 6grenci memnuniyeti ve 6zgiiven 6lgegi, simiilasyon tasarim
Olgegi egitim uygulamalar: anketi ana ve alt boliim basliklar1 altinda katilimcilarin kag yildir pilot
oldugu, yasi, intibakli oldugu hava araci tipi ve sahip oldugu statii parametrelerine gore incelenmistir.

2.1. Hipotezler
Calismamizda istatistiksel analizini yapacagimiz 23 adet hipotezimiz bulunmaktadir.

e HIl: Simiilasyonlar, etkili 6gretim yontemleriyle Ogrencilerin 6grenme giivenini artirir ve
becerilerini gelistirir.

e Hla: Simiilasyonlar, etkili 6gretim yontemleri ve uygun materyallerle 6grencilerin 6grenme
siireclerini gelistirir ve motivasyonlarmi artirir.

e HI1b: Simiilasyonlar, 6grencilere gerekli bilgileri kazandirarak becerilerini gelistirir ve 6grenme
sorumlulugunu artirir.

e H2: Ucus simiilatorii egitimi, pilotaj egitiminde gercek hayati simiile ederek Ggrencilere
problem ¢6zme becerisi kazandirmakta, yeterli geri bildirim ve rehberlik ile destek saglayarak
egitim siirecini daha verimli hale getirmektedir.

e H2a: Simiilasyonlar, agik hedefler ve yeterli bilgi ile problem ¢6zme becerilerini gelistirir.

e H2b: Simiilasyonlar, zamaninda ve gerektiginde saglanan destekle Ogrenme siirecini

giiclendirir.

e H2c: Simiilasyonlar, bagimsiz problem ¢dzmeyi kolaylastirarak, 6grencileri hedef belirlemeye
ve kesfe tesvik eder.

e H2¢: Simiilasyonlar, zamaninda geri bildirim vererek dgrencilerin gelisimini destekler.

e H2d: Simiilasyon senaryolari, ger¢ek hayattaki durumlar1 ve etkenleri yansitarak 6grenme
deneyimini daha gercekei hale getirir.

e H3: Simiilasyon uygulamalari, agik hedefler, zamaninda geri bildirim ve ekip ¢aligmasi ile
Ogrenme siireclerini daha verimli hale getirir.

e H3a: Simiilasyon tabanl egitim, zamaninda geri bildirim ve tartigmalarla 6grencilerin 6grenme
stireclerini gelistirir.
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e H3b: Simiilasyon uygulamalari, 6grencilerin birlikte calisarak CRM/ ekip ¢aligmasi becerilerini
gelistirir.

e H3c: Simiilasyon uygulamalari, O6grencilere konuyu Ogrenme ve kendi Ogrenmelerini
degerlendirme i¢in ¢esitli yollar sunarak 6grenme siireglerini destekler.

e H3¢: Simiilasyon deneyimlerinde, agik ve anlasilir hedefler ile egitimcinin belirledigi
beklentiler, 6grencilerin basartyla tamamlamalarini saglar.

e H4a: Ogrenci memnuniyeti ve 6grenmede 6z giiven Olgegi ile simiilasyon tasarim Olcegi
arasinda iligki vardir.

e H4b: Ogrenci memnuniyeti ve 6grenmede 6z giiven dlgegi ile egitim uygulamalar1 anketi
arasinda iligki vardir.

e H4c: Simiilasyon tasarim 6lgegi ile egitim uygulamalari anketi arasinda iligki vardir.

e H4¢: Ucus simiilatorii egitimi oncesi brifing (hedef ve bilgi alt bolim 0dlgegi) dgrenmede
memnuniyeti arttirir.

e H4d: Ucus simiilatorii egitimi sonrasi brifing (geribildirim/ rehberli yansima alt boliim Slgegi)
Ogrenmede memnuniyeti arttirir.

e H4e: Simiilasyon ugusu esnasinda zamaninda ve gerektiginde saglanan destek (destek alt boliim
Olgegi) 6grenmede memnuniyeti arttirir.

e HA4f: Simiilasyon senaryolari, ger¢ek hayattaki durumlari ve etkenleri daha gergekei yansittikca
(aslina uygunluk derecesi alt boliim 6lgegi) 6grenmede memnuniyet artar.

e H4g: Zamaninda verilen geri bildirim (geribildirim/ rehberli yansima alt b6liim 6lgegi) bagimsiz
problem ¢6zmeyi (problem ¢dzme alt boliim 6l¢egi) kolaylastirarak, hedef belirlemeye ve kesfe
tesvik eder.

e H4h: Simiilasyon ugusu esnasinda zamaninda ve gerektiginde saglanan destek (destek alt bolim
Ol¢cegi), bagimsiz problem ¢ézmeyi (problem ¢dzme alt boliim 6lgegi) kolaylastirarak, hedef
belirlemeye ve kesfe tesvik eder.

3. BULGULAR

Ogrenmede 6grenci memnuniyeti ve 6zgiiven dlgegi, simiilasyon tasarim dlgegi ve egitim uygulamalari
anketlerinin ana ve alt boliim basliklari, 94 katilimcinin vermis oldugu cevaplarin genel ortalamasina
gore incelenmistir. Genel olarak bakildiginda; H1,H2,H3 ana ve alt boliim dlgek hipotezlerine %81-
%87 araliginda katildiklar tespit edilmistir (Sekil 3.1). Katilimcilarin kag¢ yildir pilot olduguna goére
incelendiginde biiylik cogunlugunun (%61 n:57) 1-5 yil arasinda oldugu goriilmiistiir. %20'sinin (n:19)
6-10 yildir pilot oldugu, %14'tiniin (n:13) 11-15 yildir pilot oldugu, %4'iinlin (n:4) 15-20 yildir pilot
oldugu ve %]1'inin (n:1) 20 yil {izerinde pilot oldugu, katilimcilarm yaslarma bakildiginda; biiyiik
cogunlugunun (%57, n:53) 26-35 yas arasinda oldugu goriilmistiir. %22°si (n: 21) 18-25 yas araliginda,
%20’1 (n:19) 36-45 yas araliginda, %1'i (n:1) 46-55 yas araliginda oldugu, katilimeilarin intibakli oldugu
hava araci tipine bakildiginda; biiylik ¢ogunlugunun (%53, n:50) sadece helikoptere intibakli oldugu
gorlilmiistiir. %32’si (n: 30) sadece ucak, %15°i (n:14) hem helikopter hem de ugaga intibakli oldugu,
katilimeilarin statiisiine bakildiginda; biiyiik cogunlugunun (%66, n:62) 1. pilot (Kaptan Pilot) oldugu
goriilmiistiir. %26’s1 (n: 24) II. pilot (Flight Officer), %8’1 (n:8) pilotaj egitimi alan 6grenci pilotlar
oldugu saptanmistir.
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Sekil 3.1 H1,H2,H3 ana ve alt boliim 6lgek hipotezlerine katilim durumu
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Katilimcilarin ka¢ yildir pilot oldugu, yasi, intibakli oldugu hava araci tipi ve sahip oldugu statii
parametrelerine goére H1,H2,H3 ana ve alt boliim hipotez 6lgekleri olan toplam 14 Slgek istatistiksel
olarak incelenmistir (Sekil 3.2, Sekil 3.3, Sekil 3.4 ve Sekil 3.5). Yapilan istatistiksel analizde;
katilimeilarin yas gruplari arasinda karsilastirildiginda 26-35 yas arasi ile 36-45 yas arasi kigiler arasinda
hedefler ve bilgi alt boliim 6lgegi ortalamasi agisindan, katilimcilarin kag yildir pilot olduguna gore
karsilastirildiginda 1-5 yildir pilot olanlar ile 11-15 yildir pilot olanlar arasinda hedefler ve bilgi alt
boliim oOl¢egi ortalamasit agisindan, katilimcilarin hangi hava aracina intibakli olduguna gore
karsilastirildiginda sadece helikopter intibakli olan pilotlar ile hem helikopter hem de ugak intibakli olan
pilotlar arasinda 6grenmenin farkli yollar1 alt boliim 6l¢egdi ortalamasi agisindan, katilimcilarm statiisiine
gore karsilastirildiginda ise; 6grenmede memnuniyet dlgegi, 6grenmede 6z giiven Olgegi, 6grenci
memnuniyeti ve 6grenmede 6z giiven Olcegi, hedefler ve bilgi dlgegi, problem ¢6zme 6lcegi, aslina
uygunluk derecesi (gergekgilik) dlgegi, simiilasyon tasarim dlcegi arasinda istatistiksel olarak anlaml
farklilik bulunmustur.

Sekil 3.2 Katilimei verilerinin kag¢ yildir pilot olduguna gore incelenmesi

Kac¢ Yildir Pilot Olduklarina Gore Ol¢eklerin Incelenmesi
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w157 0.8 0.79 0,79 0.79 0,79 0.81 0.81 0.82 0.8 0.81 0.85 0.85 0.8 0.82
m6-10 Y1l 0.81 0.81 0.81 0.83 0.85 0.84 0.88 0.82 0.85 0.87 0.85 0.88 0.87 0.87
®m10-15Y1 0.88 0.89 0.88 0.9 0.89 0.92 0.87 0.9 0.89 0.9 0.87 0.93 0.88 0.9
015-20Yd, 0,94 0.89 091 0,93 0.86 0.88 0.85 0.9 0.88 0.84 0.83 0.85 0.88 0.84
020+Y1 0.96 0.83 0.89 0.84 0.88 0.94 0.8 0.6 0.83 0.82 0.6 0.8 0.8 0.79
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Sekil 3.3 Katilimei verilerinin yas gruplarma gore incelenmesi

Yas Gruplarina Gire Olceklerin incelenmesi

1
Z 00
= o8
= 0,
= 06
=05
S o4
E 0.3
0.2
= ol
: 0 M
¢ . - Lemnu . o o
M Oren | Ofren niyet ve Proble | Genn | Ashna o Aktif ; Ogle_:u Ust Egitun
mede | mede |- " Hedef i Tasann | - Is menin Uygula
Ao |Ozguve .| Destek m Bildui | Uygunl Ogren R § Beklent
Memnu |Ozglive ve Bilgi . m Burligi | Farkh | malarl
- n Cozme m uk - . e iler -
nivet n PO Olgegi Yollart Anketi
Olcegi
m18-25yag 0,79 0.76 .77 0.79 0.79 0.79 0.79 0.8 0.7 0.8 0.85 0.84 0.79 0.81

m26-35yas| 0.81 0.81 0.81 0.8 0,82 0.83 0.84 0.82 0,82 0.84 0.85 0.87 0.83 0.84
[H36-45vag| 0,89 0.88 0.88 0.89 0.86 0.9 0.86 0.91 0.88 0.88 0.85 0.9 0.88 0.88
O46-55vyag| 0.96 0.83 0.88 0.84 0.88 0.94 0.8 0.6 0.83 0.82 0.6 0.8 0.8 0,79

Sekil 3.4 Katilime1 verilerinin hangi hava aracina intibakli olduguna gore incelenmesi

Hava Araci Intibaklh Olduklarina Gire Olceklerin Incelenmesi

- 1
: 0.9
_ 08
g o
¢ 0.6
= 05
S ol
E 0.3
= 0.2
g ol
g . . Memnu .
Ofren | Ofren | niyet Hedef Proble | Geri | Aslma Sim. Aktif . Ogre:n Ust Bgitim
mede | mede ve e Tasart | = Iy menin Uygula
i ve |Destek m Bildiri |[Uygunl Ogren | .7 . § Beklent
Memnu |Ozgiive Ozglive Bilei S7ime m k m e Bitligi | Farklh et malary
niyet n n & ¢ Olgegi Yollarn Anketi
Olgegi
mHelo 0.82 0.82 0.82 0.83 0.83 0.85 0.85 0.83 0.84 0.86 | 0.87 0.89 0.85 0.86
mUcak 0.84 0.83 0.83 0,81 0,82 0.84 0.84 0,87 0.84 0.85 0.83 0.86 0.82 0.84
OHelo+Ugak| 0.8 0.74 77 0.78 77 0.77 | 0.74 77 0.7 0.74 0.8 0.79 0.75 0.76
Sekil 3.5 Katilimci verilerinin statiilerine gore incelenmesi
Statiilerine Gore Olceklerin Incelenmesi
— 1
o
~
—
=
=~
S
E
—
=
-~
M Ogren | Ogren |Memnu Sim (3'1'8117 Egitim
= = niyet ve Proble | Geri | Ashna i} Aktif ; sre Ust &
mede | mede | .7 Hedef S Tasary | = Is menin Uygula
. |Ozglive .| Destek m Bildiri |Uygunl Ogren B B Beklent
Memnu |Ozglive veBilgi . m Biuligi | Farkh o malart
. n Cozme m uk ar me iler .
niyet n w Olgegi Yollarn Anketi
Olgegi
mOgrenci| 0,83 0,81 0,82 0.86 0.86 0.87 0.86 0.9 0.86 0.89 0.89 091 0.85 0,89
wIIPilot 0.89 0.87 0.88 0.89 0.87 0.89 0.85 0.9 0.88 0.86 0.82 0.89 0.84 0.86
1. Pilot 0,79 0,79 0.79 0,78 0.8 0.81 0.82 0.8 0.8 0.82 0.85 0.85 0.82 0,83
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Ayrica H4a-H4h arasindaki hipotezlerin analizi igin 6lgekler arasinda korelasyon analizi yapilmistir.
Yapilan istatistiksel analizlerde;

e Ogrenci memnuniyeti ve dgrenmede 6z giiven Slcegi ile simiilasyon tasarim dlgegi arasinda
pozitif yonde yiiksek diizeyde iliski oldugu (r:0,742 p:0),

e Ogrenci memnuniyeti ve dgrenmede 6z giiven 6lgegi ile egitim uygulamalar: anketi arasinda
pozitif yonde orta diizeyde iliski oldugu (r:0,668 p:0),

e Simiilasyon tasarim Olgegi ile egitim uygulamalari anketi arasinda pozitif yonde yiiksek
diizeyde iliski oldugu (r:0,889 p:0),

e Simiilasyon tasarim 0&lgegi ile egitim uygulamalari anketi arasinda pozitif yonde yiiksek
diizeyde iligki oldugu (r:0,889 p:0), Hedef ve bilgi alt boliim dlgegi ile 6grenmede 6grenci
memnuniyeti ve 6grenmede Oz giiven Ol¢egi arasinda tek yonlii pozitif yonde yiiksek diizeyde
iliski oldugu (r:0,776 p:0),

e Geribildirim/ rehberli yansima alt bolim oOlgegi ile 6grenmede Ogrenci memnuniyeti ve
ogrenmede 0z giiven Glgegi arasinda tek yonlii pozitif yonde orta diizeyde iliski oldugu (1:0,594
p:0), ancak; 6grenci pilotlarda pozitif yonde "yiiksek" diizeyde iligski saptanmusken (r:0,760
p:0,006), 1. pilot ve II. pilotlarda "orta" diizeyde iliski oldugu (r:0,561 p:0),

e Destek alt boliim 6lgegi ile 6grenmede Ggrenci memnuniyeti ve 6grenmede 6z giliven Olgegi
arasinda tek yonlii pozitif yonde orta diizeyde iliski oldugu (r:0,636 p:0),

e Aslina uygunluk derecesi alt boliim 6lgegi ile 6grenmede 6grenci memnuniyeti ve 6grenmede
0z giiven Olgegi arasinda tek yonlii pozitif yonde orta diizeyde iliski oldugu (r:0,479 p:0),

e  Geribildirim/ rehberli yansima alt boliim 6lgegi ile problem ¢ézme alt bolim Glgegi arasinda tek
yonlii pozitif yonde yiiksek diizeyde iliski oldugu (r:0,730 p:0),

e Destek alt boliim Slgegi ile problem ¢ézme alt boliim Slgegi arasinda tek yonlii pozitif yonde
orta diizeyde iliski oldugu saptanmustir (r:0,637 p:0).

4. SONUC

Simiilasyon tabanli egitimlerin O6grenme siireclerine olan olumlu etkisi, yapilan arastirmalarin
bulgularma dayanarak oldukga net bir sekilde ortaya konmustur. Ucus simiilatorlerinin kullanim, pilot
memnuniyetini artirmig, Ogrenme siireglerini desteklemis ve Ozgiiven tizerinde olumlu bir etki
yaratmigtir. Simiilasyonlarin etkili 6gretim yontemleri ve agik hedeflerle sunulmasi, pilotlarin
O0grenmeye yonelik motivasyonlarmi artirmig, problem ¢dzme ve bagimsiz 6grenme becerilerinin
gelisimine katki saglamistir. Gergek hayattaki durumlar1 yansitan simiilasyon senaryolari, pilotlara
gercekei bir Ogrenme deneyimi sunarken, karmasik bilgileri anlamalarini ve O6ziimsemelerini
kolaylastirmistir. Ayrica, simiilasyonlarla saglanan zamaninda geri bildirim ve rehberlik, pilotlarin
performanslarini iyilestirmis, 6grenme siirecini daha verimli hale getirmistir. Bunun yani sira,
simiilasyon tabanli egitimlerin ekip ¢aligsmas1 ve ig birligi becerilerini gelistirdigi, katilimcilar arasinda
koordinasyonu, iletisimi ve birlikte problem ¢ozme yetkinliklerini artirdigi goriilmistiir. Egitim
siirecinin daha etkili hale gelmesinde, simiilasyonlarin agik hedefler, geri bildirim mekanizmalar1 ve
bireysel sorumluluk kazandirici yapisiyla 68rencileri 6grenmeye tesvik ettigi anlagilmistir. Genel olarak,
simiilasyonlarin ger¢cekei senaryolarla desteklenmesi, 6grenme siire¢lerini zenginlestirerek pilotlara hem
bireysel hem de grup dinamiklerinde etkili bir egitim deneyimi sundugunu gostermistir.

Yapilan istatistiksel analizlerde 26-35 ile 36-45 yas arasi ve bu duruma paralel olarak 1-5ile 11-15 yildir
pilot olan katilimcilar arasinda hedefler ve bilgi algis1 konusundaki istatistiksel farkliliklarin, gruplar
arasindaki egitim beklentileri ve algilarindaki farkliliktan kaynaklandig1 degerlendirilmektedir. Pilotluk
kariyerinde yas ve tecriilbe olarak ilerlemis bireyler, daha fazla yasam ve is deneyimine sahip
olduklarindan egitim hedeflerinin is hayatinda nasil uygulanacagina ve bilgiye nasil daha somut faydalar
saglayacagma dair daha derinlemesine bir anlayis gelistirmis olabilecegi degerlendirilmektedir. Bu
grup, egitimdeki hedeflerin ve edinilen bilginin pratikte ne kadar etkili oldugu konusunda daha dikkatli
bir degerlendirme yapma egiliminde olabilir. Diger taraftan, gen¢ yasta ve az tecriibeye sahip pilot
katilimcilar, kariyerlerinin daha erken asamalarinda olduklar i¢in egitimde daha ¢ok kisisel gelisim ve

|51



/ /

22" UBAK, 08 - 09 March 2025, Ankara (<~
UBAK UBAK

genel bilgi edinme amacini giidebilirler. Ayrica, bu grup daha fazla teknoloji ve yenilik¢i egitim
yontemleriyle etkilesim i¢inde oldugu i¢in, hedeflere yonelik algilar1 daha esnek ve genis olabilecegi
diisiiniilmektedir.

Sadece helikopter intibakli olan pilotlar ile hem helikopter hem de ugak intibakli olan pilotlar arasinda
ogrenmenin farkli yollar: alt boliim 6lgegi konusundaki istatistiksel olarak anlamli farklilik, hava aracina
intibak durumunun katilimeilarin - 6grenme yontemlerine yonelik algilarmi etkileyebilecegini
gostermektedir. Helikopter intibakli pilotlar, daha 6zgiil ve spesifik 6grenme yontemleri benimserken
hem helikopter hem de ugak intibakli pilotlar en az iki farkl tip simiilatdrde iki farkl tip intibak egitimi
aldiklarindan dolay1 daha genis bir egitim yelpazesine sahiptirler. Dolayisiyla maruz kaldiklar1 6grenme
yollarinda daha ¢esitli ve karmagik yaklagimlar ile karsilasmis olabilirler. Bu durum, her iki grubun
egitim siirecleri ve deneyimlerine dayali olarak farkli 6grenme stratejileri gelistirdigini ortaya
koymaktadir.

Katilimcilarin statiileri, egitim siireclerine yonelik algilarinda énemli farkliliklara neden olmaktadir. .
ve II. pilotlar arasindaki anlamli farklar 6zellikle 6grenme memnuniyeti, 6zgiliven, hedefler ile bilgi,
problem c¢ozme ve gergekcilik gibi alanlarda gdzlemlenmistir. Olgek puanlar1 genel olarak
incelendiginde, katilimcilarin yaslarmin ve pilot olarak gegcirdikleri yillarin artmasiyla birlikte
puanlarinin da yiikseldigi gorilmiistiir. Ancak, statii arttik¢a 6l¢ek puanlarinin diistiigii tespit edilmistir.
Bu durum, simiilatér memnuniyeti ve tasarimi iizerinde statiiniin etkisini ortaya koymaktadir. Statiiniin
yas parametresinden ziyade ucus tecriibesiyle daha giiclii bir baglant1 olmasi nedeniyle bu durumun
ortaya ¢iktigini diisiinmekteyiz.

I. pilotlar daha fazla deneyime sahip olduklarindan, egitim siireclerine daha yiiksek bir 6zgilivenle
yaklasabilirken, II. pilotlar daha sinirli deneyime sahip olduklari i¢in baz1 konularda kendilerini daha az
yeterli hissedebilirler. Bu nedenle bu 6l¢eklere 1. pilotlarin daha elestirel yaklasmasi sebebi ile daha
diistik, II. pilotlarin kendilerini daha az yeterli hissetmesi ve simiilasyon egitiminin daha faydali
oldugunu diistinmeleri sebebi ile daha yiiksek puan verdigi ongoriilmektedir. II. pilotlarn egitim
siireglerinde daha fazla rehberlik ve destege ihtiyag duyabilecekleri diisiiniilmektedir. Bu durum, onlarin
daha bagimli bir 6grenme siireci izlemelerine yol a¢tigindan problem ¢6zme konusunda yardima ihtiyag
duymalarina neden olmaktadir. 1. pilotlar, daha 6nceki deneyimlerinden 6tiirii egitimde daha bagimsiz
bir sekilde problem ¢ozme becerileri gelistirmis oldugu diisiiniilmektedir. Ancak II. pilotlar i¢in bu siireg
daha fazla destek gerektirebilir. Bu durum da iki grup arasinda belirgin farkliliklarin ortaya ¢ikmasina
yol agmaktadir. Egitim igerigi ve simiilasyon tasariminin her iki grup i¢in farkl sekillerde algilanmasi,
egitimdeki gergekgeilik diizeyini de etkilemis olabilecegi diistiniilmektedir. Ancak, geribildirim ve
aktif 6grenme gibi konularda bu farklar daha az belirgindi ve bu durum da bazi egitim stratejilerinin her
iki grupta benzer sekilde etkili oldugunu gdstermektedir. Bu farkliliklar, katilimcilarin deneyim,
beklenti ve yaklasim bi¢imlerinden kaynaklanmaktadir.

Olgekler aras1 yapilan korelasyon analizinde; tiim korelasyon hipotezlerinde orta ve yiiksek diizeyde
iliski oldugu bulunmustur. Yapilan analizler, 6grenci memnuniyeti, 6grenmede 6z giiven, simiilasyon
tasarimi ve egitim uygulamalar1 arasindaki giiclii iliskileri ortaya koymaktadir. lyi tasarlanmus
simiilasyonlarin ve etkin egitim uygulamalarmin, 6grencilerin 6grenme siireclerinden daha fazla
memnuniyet duymalarini ve Ozgiivenlerini artrmalarii sagladigi belirlenmistir. Ugus simiilatorii
egitimi dncesi ve sonrasi verilen brifinglerin, zamaninda saglanan desteklerin ve gergekei simiilasyon
senaryolarinin, 6grenme deneyimlerine olumlu katkilar sundugu goriilmiistiir. H4d hipotez analizinde
goriildiigii tizere 1. pilot ve II. pilotlarda "orta" diizeyde iliski saptanmigken 6grenci pilotlarda pozitif
yonde "yliksek" diizeyde iliski saptanmigtir. Dolayisiyla zamaninda verilen geri bildirimlerin, 6zellikle
ogrenci pilotlarin bagimsiz problem ¢ozmesini ¢ok fazlasiyla kolaylastirdigi ve 6grenme siireglerine
aktif katihmini yiiksek diizeyde tesvik ettigi anlagilmistir. Bu sonuglar, simiilasyon ve egitim
stireclerinin dogru tasarim ve uygulamalarla 6grencilerin 6grenme deneyimlerini iyilestirdigini ortaya
koymaktadir.

4.1. Oneriler

Simiilatorlerin teknolojik olarak modernize edilmesi ve egitim programlarmin hem tecriibeli hem de
geng pilotlarn ihtiyaglarina uygun sekilde uyarlanmasi gerekmektedir. Simiilasyon destekli egitimler,
gercek ugus kosullarini daha iyi taklit etmeli, ekip caligmasi ve bireysel becerileri gelistiren senaryolar
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icermelidir. Ayrica, 6grenci pilotlarin gelisimini desteklemek igin geri bildirim siirecleri iyilestirilmeli
ve egitim materyalleri siirekli giincellenmelidir.

4.2. Kisithhklar

Calismamizda kargilagilasmig oldugumuz baglica kisitliliklar arasinda 6rneklem cesitliligi, 6znellik ve
yanlilik, ile veri dogrulugu yer almaktadir. Orneklem gesitliliginin sinirh olmasi, farkli deneyim
seviyelerine, ucus tiplerine veya egitim gegmisine sahip pilotlarin goriiglerinin yeterince temsil
edilmemesine neden olabilmektedir. Ayrica, katilimeilarin kisisel deneyimlerine ve algilarma dayali
yanitlar vermesi, 6znellik ve yanlilik riskini artirarak sonuglarm nesnelligini simirlayabilir. Bunun yam
sira, pilotlarm anketi dikkatle doldurmamalari veya sosyal begenirlik yanliligi nedeniyle gercegi tam
yansitmayan yanitlar vermeleri, veri dogrulugunu olumsuz etkilemis olabilir. Bu kisithiliklar,
aragtirmamizin genellenebilirligini ve giivenilirligini azaltan etkenlerdir.
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Abstract: The number of electrical devices entering our lives is increasing day by day with the development of
technology. Electrical devices that make life easier which we use for our daily needs such as high, medium, and
low voltage transmission lines, transformers, switchyards, microwave ovens, mobile phones, base stations are also
sources of electromagnetic fields. Therefore, these sources contribute to the electromagnetic pollution that
surrounds us. These devices and devices adversely affect human health. For this reason, by the Occupational
Health and Safety Law, it is necessary to carry out the necessary controls, measurements, examinations, and
researches to determine the working environment and the risks that employees are exposed to in this environment.
In this project study, the measurement results will be compared and mapped with the standard values announced
by the International Commission on Nonionizing Radiation Protection (ICNIRP) and the Information
Technologies Authority (BTK) in terms of the results obtained in the measurements made for the determination of
electromagnetic field intensity values in different units of Mersin Metropolitan Municipality. In this context, it is
aimed to determine the working environment for the efficient working of the personnel working in Mersin
Metropolitan Municipality and the risks that the employees are exposed to due to the electromagnetic field in this
environment, to make the necessary measurements and to contribute to the data related to the environmental
measurements that must be kept annually by the Occupational Health and Safety Law No. 6331. This study is
supported by Mersin University Scientific Research Projects Coordination Unit. Project Number: 2021-2-TP-
4512

Keywords: 1.0ccupational Diseases 2. Mersin Metropolitan Municipality 3. Electromagnetic Field Effects 4.
Electromagnetic Radiation 5. Work Health 6. Radiation Map
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1. Introduction

With the integration of technology into daily life, radiation has become a common aspect of human
existence, extending beyond medical applications. Various radioactive elements naturally or artificially
spread in the environment. In addition to technology, heat and light from the Sun contribute to natural
radiation exposure. Cosmic rays from space and the Sun interact with radioisotopes in the Earth's crust,
affecting soil, building materials, water, and food. Furthermore, X-rays, microwaves, radars, gamma
rays, and radio waves are different forms of radiation, present both naturally and through artificial
sources such as mobile phones and base stations.

Since the 1950s, nuclear technology has expanded worldwide, increasing radiation exposure. The
harmful effects of radiation on human health became evident after the establishment of the first nuclear
power plants, leading to scientific research on radiation protection. Understanding the nature of radiation
and its effects is crucial for radiation safety. This study includes conceptual research on radiation types,
sources, safety measures, health effects, and protection methods. The methodology section presents the
radiation mapping process of the Mersin Metropolitan Municipality, covering the Red and Navy Blue
Office Blocks A-B, the Machinery Maintenance Facility, and the Macit Ozcan Sports Complex.

2. Concept of Radiation and Types of Radiation

The fundamental structure of matter consists of atoms. An atom is formed by the combination of protons
and neutrons, which create a nucleus. If the number of neutrons in the atomic nucleus is significantly
higher than the number of protons, the atom becomes unstable. In such cases, the nucleus undergoes a
transformation and emits a negatron (B-). Conversely, when there are more protons than neutrons, the
nucleus emits a positron (f+). When neutrons and protons are emitted together, the unstable atomic
nucleus releases gamma (y) radiation. If the nucleus is heavy, it emits alpha (o) radiation, which consists
of helium nuclei, leading to a process known as nuclear fusion. The materials undergoing these reactions
are called "radioactive materials," and the emitted energy in the form of a, B, and y radiation is known
as "radiation." Another definition of radiation is the transfer or emission of energy in the form of
particles or electromagnetic waves (Sarikahya, 2014; Tiirkkan ve Pala, 2009).

Radiation is classified based on three parameters: energy level, type, and source. If radiation has enough
energy to remove an electron from an atom, it is considered ionizing or high-energy radiation (Cimen
vd., 2017). The interaction of radiation with matter is necessary for its detection and measurement.
Based on its effects on matter, radiation is divided into two categories: ionizing radiation (IR) and non-
ionizing radiation (NIR) (Tirkmen, 2012; Dénmez, 2017; Tiirkkan ve Pala, 2009; Ozgﬁven, 2008).

lonizing radiation is radiation that creates ion pairs by removing electrons from their orbits. This
includes X-rays, radioactive emissions, and cosmic rays, all of which generate ionization when
interacting with matter. lonizing radiation is invisible, odorless, tasteless, and cannot be felt by human
senses. To measure it, radiation is converted into an electrical signal and detected as pulses or current.
lonizing radiation is further divided into two types: particulate (particle-based) and electromagnetic
(wave-based) radiation (Lombardi, 2007; Bora, 2001).

Non-ionizing radiation includes emissions from base stations, high-voltage power lines, radio waves,
mobile phones, and microwaves. This type of radiation does not have ionizing effects but may cause
thermal effects, such as burns, eye injuries, and cataracts (Giiler ve Cobanoglu, 1994). Radiation sources
are classified into natural and artificial sources. The Sun is the most significant natural radiation source,
continuously present in the environment. Artificial radiation sources, on the other hand, include human-
made radioactive materials used in medical, industrial, and commercial applications. The most well-
known example of artificial radiation is X-rays (Washington State Department of Health, 2002).

3. Radiation Measurement Devices and Dose Units

Radiation cannot be detected by human senses. Therefore, special devices are used to measure the range
and effect of radioactive emissions. Radiation measurement is based on the interaction between radiation
and matter. Devices developed for radiation measurement are generally called radiation detectors
(Ozgiiven, 2008:138; Donmez, 2017).
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The selection of radiation measurement devices depends on the specific area of use. Some detectors are
designed to measure only one type of radiation. For example, a detector that measures only gamma rays
will not provide accurate results for beta particles. Therefore, it is important to choose the right
measurement device according to the intended use. According to the regulations of the Turkey Atomic
Energy Authority (TAEK), radiation levels must be measured in all areas where radiation hazards exist.
These regulations help guide the selection of appropriate devices
(https://www.afad.gov.tr/kbrn/radyasyonun-olculmesi, 5.3.2025).

Type of display (analog or digital)
Measurement range

Light alerts

Sound alerts

Battery type and lifespan
Resistance to external factors
Response time

Device efficiency

Size and weight

The main devices used for radiation measurement are detectors and dosimeters. The types of detectors
are as follows (MEB, 2012):

lon Chamber Detector
Geiger-Miiller Detector
Proportional Counters
Scintillation Detector
Semiconductor Detector
Neutron Detector

Dosimeters are divided into two types: direct-reading dosimeters and dosimeters that require processing
before reading.

Radiation dose units are determined by the International Committee of Radiation Units (ICRU) and are
globally recognized. These units are categorized into four main groups (Ozgiiven, 2008;
https://www.afad.gov.tr/kbrn/radyasyon-olcum-birimleri-ve-donusumleri, 7.5.2021):

Absorbed Dose Unit
Activity Unit
Equivalent Dose Unit
Exposure Dose Unit
3.1. Absorbed Dose Unit

Absorbed dose refers to the amount of radiation energy stored due to ionization. The rate at which this
energy is absorbed over time is called the absorbed dose rate.

Radiation Absorbed Dose (Rad): The amount of radiation that gives 10-2 Joules (J) of energy to 1 kg of
material.

Formula: (1 Rad = 10-2 Gy)
Gray (Gy): The amount of radiation that gives 1 Joule of energy to 1 kg of material.
Formula: (1 Gray = 100 Rad)
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3.2. Activity Unit
Activity refers to the number of disintegrations of a radioactive substance per unit time.

Curie (Ci): The activity of a radioactive substance undergoing 3.7 x 10'° disintegrations per
second.

Formula: (1 Ci= 3.7 x 10'° Bq) 158
Becquerel (Bq): The activity of a substance undergoing one disintegration per second.
Formula: (1 Bq=2.703 x 10-11 Ci)

3.3. Equivalent Dose Unit

Equivalent dose is calculated by multiplying the absorbed dose by the quality factor of the radiation.

Radiation Equivalent Man (Rem): The amount of radiation that causes the same biological effect
as 1 Roentgen of X-rays or gamma rays.

Formula: (1 Rem = Rad x Quality Factor (QF), 1 Rem = 10-2 Sv)

Sievert (Sv): The amount of radiation that causes the same biological effect as 1 Gy of X-rays or
gamma rays.

Formula: (1 Sievert = 100 Rem)
3.4. Exposure Dose Unit

Exposure dose measures the ability of radiation to ionize atoms in a given environment. It is specifically
used for electromagnetic radiation.

Roentgen (R): The amount of X-ray or gamma radiation that produces an electric charge of 2.58
x 10-4 Coulombs (C) per kg of air under standard conditions (0°C and 760 mmHg air pressure).

Formula: (1 R =2.58 x 10-4 C)

Coulomb/kg (C/kg): The amount of X-ray or gamma radiation that produces 1 Coulomb of
electric charge per kg of air.

Formula: (1 C/kg=3.876 x 10° R) or (1 C/kg = 3876 R).
The radiation dose units discussed above are summarized in Table 1.

Table 1. Radiation Units and Conversions

Term Unit Conversion
Classic System S1 Unit
Activity Dose Curie, Ci Becquerel, Bq 1Ci=3.7x10""Bq
1 Bq=2.703x 10" Ci
Exposure Dose Roentgen, R Coulumb/kilogram, I1R=258x10"C
C/kg 1 C/kg=3.876 x 10°R
Absorbed Dose Radiation Absorbed | Gray, Gy 1 Rad = 10 Gy
Dose, rad 1 Gray = 100 Rad
Equivalent Dose Rontgen equivalent | Sievert, Sv 1 Rem= 107 Sy
man, rem 1 Sievert = 100 Rem

Source: https://www.afad.gov.tr/kbrn/radyasyon-olcum-birimleri-ve-donusumleri ( 7.3.2025).
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4. Materials and Methods
4.1. Importance and Objective of the Study

It has been observed that no radiation map has been previously created for the units operating under
Mersin Metropolitan Municipality. In this respect, this study is the first of its kind. The purpose of this
study is to create a radiation map for the units affiliated with Mersin Metropolitan Municipality, which
is expected to serve as a foundation for future research in this field. Upon completion of the study, it is
aimed to increase awareness among both employees and administrators about the environmental impact
of radiation, ensuring more careful management of radiation exposure.

4.2. Scope of the Study

The scope of this study covers the Mersin Metropolitan Municipality within the boundaries of Mersin
province. The measurement areas include the Red and Navy Blue Office Blocks A-B, the Machinery
Maintenance Facility, and the Macit Ozcan Sports Complex. The details of the buildings examined in
the study are as follows:

Red and Navy Blue Office Block A consists of 7 floors, each hosting departments responsible for
municipal administrative tasks.

Red and Navy Blue Office Block B consists of 6 floors, each containing municipal administrative
departments.

Machine Supply Facility includes the Public Transport Branch Directorate, Department of Construction
Affairs, a fuel station, and a vehicle maintenance-repair area.

Macit Ozcan Sports Complex houses the Department of Youth and Sports, Department of Disaster
Affairs, Department of Women and Family Services, Department of Climate Change and Zero Waste,
the Mersin Metropolitan Municipality Call Center, and the Mersin Metropolitan Municipality
Guesthouse.

4.3. Methodology of the Study

The measurement method is based on the regulation titled “Determination, Control, and Inspection of
Electromagnetic Field Intensity Exposure Limit Values from Electronic Communication Devices
According to International Standards”, published by the Information and Communication Technologies
Authority (BTK) in the Official Gazette No. 27912, dated April 21, 2011.

To reduce short-term radiation effects and obtain more accurate measurements, measurement points
were determined at four corners and the center of the corridors on each floor of the buildings included
in the study. Measurements were taken for at least six minutes at each point and recorded. The
measurement height was set at 1.5 meters from the ground. Electromagnetic field sources in the
measurement areas were first identified, and their operating frequencies were recorded. Measurements
were conducted at different times during working hours (10:00-16:00).

Common electromagnetic sources in municipal units, such as IP phones, laptops/desktops, tablets,
energy-saving bulbs, DETC phones (cordless phones), printers, photocopiers/scanners/fax machines,
camera/alarm systems, smart boards, televisions, speaker systems, and WLAN connections (Wireless
Local Area Network), were examined. The electromagnetic field intensity values at distances of 1 cm,
10 cm, 30 cm, and 1 m were recorded. The obtained data were compared with electromagnetic field
intensity limit values applicable in Turkey, and the measurements were evaluated in terms of
occupational health and safety. The HF-7040 Spectran Analyzer, a handheld spectrum analyzer, was
used in the study.

5. Findings
5.1. Electromagnetic Field Intensity Findings

In electromagnetic field measurements, the intensity of electromagnetic waves or the combination of
electric and magnetic field strength is analyzed. The radio frequency (RF) waves in the 100 kHz to 3
GHz frequency range emitted by electronic devices in buildings may pose potential health risks to
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personnel. Common electromagnetic field sources include local internet connections, cordless phones,
GSM mobile phones, printers, computers, radios, and televisions.

5.2. Findings from Measurements in Mersin Metropolitan Municipality Units

Measurements were taken for IP phones, laptops/desktops, tablets, energy-saving bulbs, DETC phones
(cordless phones), printers, photocopiers/scanners/fax machines, camera/alarm systems, televisions,
other electromagnetic field sources, and WLAN (Wireless Local Area Network) connections at
distances of 1 cm, 10 cm, 30 cm, and 1 m. The HF-7040 Spectran Analyzer, a handheld spectrum
analyzer, was used in the study. The obtained data were compared with international radiation limit
values and presented in tabular form.

Table 2. Environmental Protection and Health Affairs Department: Electromagnetic Power Density
Measurements at Different Frequency Ranges

Comparison of Measurements with ICNIRP
Measurements Taken at 10-Minute Intervals

Frequency Ranges |CNRP (VIM) [Veasurements 1 (V/IM)Measurements 2 (V/M)
0-1 GHz 5 0,29 0,28

1-2 GHz 5 0,76 0,77

2-3 GHz 5 0,22 0,23

3-4 GHz 5 0,16 0,17

4-5 GHz 5 0 0

Wlan 2.4 GHz 5 0,17 0,17

GSM900 5 0,46 0,44

GSM1800 5 3,12 2,95

UMTS 5 0,38 0,25

DECT 5 0,04 0,04

*ICNIRP = International Exposure Limit

Table 3. Department of Culture and Social Affairs: Electromagnetic Power Density Measurements at
Different Frequency Ranges

Comparison of Measurements with ICNIRP
Frequency Ranges | ICNRP (V/M) Measurements Taken at 10-Minute Intervals
Measurements 1 (V/M)[Measurements 2 (V/M)
0-1 GHz 5 0,37 0,35
1-2 GHz 5 0,31 0,31
2-3 GHz 5 0,40 0,41
3-4 GHz 5 0,23 0,26
4-5 GHz 5 0,01 0,01
Wlan 2.4 GHz 5 0,12 0,12
GSM900 5 0,22 0,23
GSM1800 5 0,52 0,50
UMTS 5 0,71 0,71
DECT 5 0,03 0,03

*ICNIRP = International Exposure Limit
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Table 4. Support Services Department: Electromagnetic Power Density Measurements at Different

Frequency Ranges
Comparison of Measurements with ICNIRP
Measurements Taken at 10-Minute Intervals

Frequency Ranges | ICNRP (V/M) Measurements 1 (V/M)|Measurements 2 (V/M)
0-1 GHz 5 0,31 0,31 |61
1-2 GHz 5 1,01 0,90

2-3 GHz 5 0,53 0,53

3-4 GHz 5 0,17 0,15

4-5 GHz 5 0,01 0,01

WIlan 2.4 GHz 5 0,27 0,27

GSM900 5 0,45 0,38

GSM1800 5 0,85 0,80

UMTS 5 0,25 0,25

DECT 5 0,10 0,10

*ICNIRP = International Exposure Limit

Table 5. Social Services Department: Electromagnetic Power Density Measurements at Different

Frequency Ranges
Comparison of Measurements with ICNIRP
Frequency Ranges | ICNRP (V/M) Measurements Taken at 10-Minute Intervals
Measurements 1 (V/M)Measurements 2 (V/M)

0-1 GHz 5 0,30 0,30

1-2 GHz 5 0,70 0,71

2-3 GHz 5 0,31 0,30

3-4 GHz 5 0,15 0,11

4-5 GHz 5 0 0

Wlan 2.4 GHz 5 0,12 0,12

GSM900 5 0,43 0,44

GSM1800 5 0,24 0,24

UMTS 5 0,31 0,31

DECT 5 0,08 0,07

*ICNIRP = International Exposure Limit

Table 6. Parks and Gardens Department: Electromagnetic Power Density Measurements at Different

Frequency Ranges
Comparison of Measurements with ICNIRP
Frequency Ranges | ICNRP (V/M) [Measurements Taken at 10-Minute Intervals
Measurements 1 (V/M)Measurements 2 (/M)
0-1 GHz 5 0,32 0,32
1-2 GHz 5 0,60 0,58
2-3 GHz 5 0,37 0,37
3-4 GHz 5 0,20 0,22
4-5 GHz 5 0,02 0,02
Wlan 2.4 GHz 5 0,17 0,17
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Comparison of Measurements with ICNIRP

Frequency Ranges | ICNRP (V/M) [Measurements Taken at 10-Minute Intervals
Measurements 1 (V/M)Measurements 2 (/M)

GSM900 5 0,43 0,43

GSM1800 5 0,68 0,75

UMTS 5 0,40 0,40

DECT 5 0,07 0,07

Table

*ICNIRP = International Exposure Limit

7. Financial Services Department: Electromagnetic Power Density Measurements at Different

Frequency Ranges

Comparison of Measurements with ICNIRP

Measurements Taken at 10-Minute Intervals

e e Measurements 1 (V/M)Measurements 2 (/M)
0-1 GHz 5 0,30 0,30
1-2 GHz 5 0,99 0,98
2-3 GHz 5 0,47 0,47
3-4 GHz 5 0,16 0,13
4-5 GHz 5 0,01 0,01
Wlan 2.4 GHz 5 0,24 0,28
GSM900 5 0,45 0,44
GSM1800 5 0,76 0,73
UMTS 5 0,25 0,25
DECT 5 0,09 0,12

Table 8. Strategy Development Department: Electromagnetic Power Density Measurements at

*ICNIRP = International Exposure Limit

Different Frequency Ranges

Comparison of Measurements with ICNIRP

Measurements Taken at 10-Minute Intervals

Frequency Ranges | ICNRP (VM) Measurements 1 (V/M)Measurements 2 (V/M)
0-1 GHz 5 0.43 0.61
1-2 GHz 5 0.57 0.73
2-3 GHz 5 0.68 0.79
3-4 GHz 5 0.52 0.63
4-5 GHz 5 0.41 0.58
WIlan 2.4 GHz 5 0.72 0.88
GSM900 5 0.62 0.83
GSM1800 5 0.54 0.74
UMTS 5 0.66 0.87
DECT 5 0.49 0.67

*ICNIRP = International Exposure Limit
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Table 9. Information Technology Department: Electromagnetic Power Density Measurements at
Different Frequency Ranges

Comparison of Measurements with ICNIRP
Frequency Ranges ICNRP (V/M) Measurements Taken at 10-Minute Intervals
Measurements 1 (V/M)Measurements 2 (V/M) | 63
0-1 GHz 5 0.45 0.50
1-2 GHz 5 0.60 0.65
2-3 GHz 5 0.55 0.58
3-4 GHz 5 0.70 0.75
4-5 GHz 5 0.62 0.68
WIlan 2.4 GHz 5 0.80 0.85
GSM900 5 0.90 0.95
GSM1800 5 0.88 0.92
UMTS 5 0.75 0.78
DECT 5 0.60 0.63

*ICNIRP = International Exposure Limit

Table 10. Real Estate and Expropriation Department: Electromagnetic Power Density Measurements
at Different Frequency Ranges

Comparison of Measurements with ICNIRP
Measurements Taken at 10-Minute Intervals
Frequency Ranges | ICNRP (ViM) Measurements 1 (V/M)Measurements 2 (V/M)
0-1 GHz 5 0.40 0.42
1-2 GHz 5 0.58 0.62
2-3 GHz 5 0.52 0.55
3-4 GHz 5 0.65 0.68
4-5 GHz 5 0.60 0.64
WIlan 2.4 GHz 5 0.78 0.82
GSM900 5 0.85 0.90
GSM1800 5 0.83 0.87
UMTS 5 0.70 0.73
DECT 5 0.55 0.58

*ICNIRP = International Exposure Limit

Table 11. Survey and Projects Department: Electromagnetic Power Density Measurements at
Different Frequency Ranges

Comparison of Measurements with ICNIRP
Measurements Taken at 10-Minute Intervals
Frequency Ranges | ICNRP (VIM) Measurements 1 (V/M)Measurements 2 (/M)
0-1 GHz 5 0.35 0.38
1-2 GHz 5 0.50 0.54
2-3 GHz 5 0.45 0.48
3-4 GHz 5 0.58 0.62
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4-5 GHz 5 0.55 0.60
Wilan 2.4 GHz 5 0.72 0.75
GSM900 5 0.80 0.85
GSM1800 5 0.78 0.82
UMTS 5 0.65 0.68
DECT 5 0.50 0.55 | 64

*ICNIRP = International Exposure Limit

Table 12. Internal Audit Unit: Electromagnetic Power Density Measurements at Different Frequency

Ranges
Comparison of Measurements with ICNIRP
Frequency Ranges | |CNRP (V/M) Measurements Taken at 10-Minute Intervals
Measurements 1 (V/M)Measurements 2 (/M)
0-1 GHz 5 0.30 0.32
1-2 GHz 5 0.48 0.52
2-3 GHz 5 0.42 0.45
3-4 GHz 5 0.55 0.60
4-5 GHz 5 0.50 0.55
Wlan 2.4 GHz 5 0.70 0.74
GSM900 5 0.78 0.82
GSM1800 5 0.75 0.78
UMTS 5 0.62 0.65
DECT 5 0.48 0.50

*ICNIRP = International Exposure Limit

Table 13. Urban Planning and Development Department: Electromagnetic Power Density
Measurements at Different Frequency Ranges

Comparison of Measurements with ICNIRP
Measurements Taken at 10-Minute Intervals
Frequency Ranges | ICNRP (VM) Measurements 1 (V/M)Measurements 2 (V/M)
0-1 GHz 5 0.38 0.40
1-2 GHz 5 0.55 0.60
2-3 GHz 5 0.50 0.54
3-4 GHz 5 0.63 0.67
4-5 GHz 5 0.58 0.62
Wlan 2.4 GHz 5 0.75 0.80
GSM900 5 0.85 0.88
GSM1800 5 0.80 0.83
UMTS 5 0.68 0.72
DECT 5 0.55 0.58

*ICNIRP = International Exposure Limit
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Table 14. Agricultural Services Department: Electromagnetic Power Density Measurements at
Different Frequency Ranges

Comparison of Measurements with ICNIRP
Measurements Taken at 10-Minute Intervals

Frequency Ranges | ICNRP (VIM) Measurements 1 (V/M)Measurements 2 (/M)
0-1 GHz 5 0.33 0.35 |65
1-2 GHz 5 0.50 0.55

2-3 GHz 5 0.45 0.50

3-4 GHz 5 0.58 0.62

4-5 GHz 5 0.55 0.60

Wlan 2.4 GHz 5 0.72 0.78

GSM900 5 0.80 0.85

GSM1800 5 0.75 0.78

UMTS 5 0.65 0.68

DECT 5 0.50 0.52

*ICNIRP = International Exposure Limit

Table 15. Macit Ozcan Sports Facility: Electromagnetic Power Density Measurements at Different
Frequency Ranges

Comparison of Measurements with ICNIRP
Measurements Taken at 10-Minute Intervals
Fregiiecy Ranges | ICNRP (VIM) Measurements 1 (V/M)Measurements 2 (/M)
0-1 GHz 5 0.56 0.72
1-2 GHz 5 0.64 0.81
2-3 GHz 5 0.77 0.89
3-4 GHz 5 0.59 0.73
4-5 GHz 5 0.48 0.62
Wlan 2.4 GHz 5 0.81 0.97
GSM900 5 0.69 0.88
GSM1800 5 0.66 0.79
UMTS 5 0.74 0.98
DECT 5 0.58 0.72

*ICNIRP = International Exposure Limit

Table 16. Machinery Maintenance Facility: Electromagnetic Power Density Measurements at
Different Frequency Ranges

Comparison of Measurements with ICNIRP
Measurements Taken at 10-Minute Intervals
Frequency Ranges | ICNRP (VIM) Measurements 1 (V/M)Measurements 2 (/M)
0-1 GHz 5 0.51 0.64
1-2 GHz 5 0.63 0.77
2-3 GHz 5 0.71 0.84
3-4 GHz 5 0.56 0.68
4-5 GHz 5 0.44 0.59
Wlan 2.4 GHz 5 0.78 0.92
GSM900 5 0.67 0.82
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Comparison of Measurements with ICNIRP
Frequency Ranges | |CNRP (V/M Measurements Taken at 10-Minute Intervals
c (VIM) Measurements 1 (V/M)Measurements 2 (/M)
GSM1800 5 0.61 0.76
UMTS 5 0.73 0.94
DECT 5 0.53 0.69 | 66

*ICNIRP = International Exposure Limit

Table 17. Average Radiation Levels of Departments

Daire Baskanhgi Ortalama Deger
Environmental Protection and Health Affairs Department | 0,55
Culture and Social Affairs Department 0,30
Support Services Department 0,38
Social Services Department 0,26
Parks and Gardens Department 0,33
Financial Services Department 0,37
Strategy Development Department 0,65
Information Technology Department 0,71
Real Estate and Expropriation Department 0,66
Survey and Projects Department 0,61
Internal Audit Unit 0,58
Urban Planning and Development Department 0,65
Agricultural Services Department 0,60
Macit Ozcan Sports Facility 0,73
Machinery Maintenance Facility 0,69

According to Table 17, when examining the average radiation measurements from the units of Mersin
Metropolitan Municipality, the unit with the highest radiation level is Macit Ozcan Sports Complex,
followed by the Information Technology Department. The lowest radiation levels were detected in the
Social Services Department and the Culture and Social Affairs Department.
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Graph 1. ICNIRP Limits and Average Values of Departments
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6. Conclusion and Recommendations

In this study, electromagnetic radiation levels were measured in units affiliated with Mersin
Metropolitan Municipality and compared with the limits set by the International Commission on Non-
lonizing Radiation Protection (ICNIRP). The obtained data indicate that the electromagnetic power
density in the measured areas is generally at safe levels. However, exposure levels may vary due to the
presence of intense electromagnetic field sources at certain locations.

The measurement results show that the electromagnetic field strength is largely below the threshold
values set by ICNIRP. However, in certain frequency ranges—especially GSM900, GSM1800, UMTS,
and Wi-Fi—Ilocally higher levels were recorded. This finding suggests that electromagnetic radiation
sources are more concentrated in specific areas and that exposure levels may vary depending on the
working environment. Long-term exposure to electromagnetic radiation can lead to adverse effects on
biological systems, such as cellular stress, DNA damage, immune system weakening, and neurological
disorders. Individuals continuously exposed to the radio frequency spectrum may experience symptoms
such as headaches, fatigue, and sleep disturbances.

From an occupational health and safety perspective, managing electromagnetic radiation exposure is of
great importance. Considering that electromagnetic field levels were measured in the morning hours and
at 10-minute intervals, exposure may fluctuate over specific time periods. Therefore, it is necessary to
continue periodic measurements to keep exposure under control. Employees working in areas with high
electromagnetic field levels should undergo regular health check-ups, have their personal exposure
levels assessed, and take protective measures when necessary.

Another significant finding of the study is that electromagnetic radiation tends to accumulate in enclosed
environments. It was determined that inadequate ventilation conditions could increase this
accumulation. Therefore, improving ventilation systems and using shielding materials are essential to
prevent the buildup of electromagnetic radiation in indoor spaces.

To reduce electromagnetic radiation levels, technical measures should be implemented. These include
limiting the usage time of electromagnetic field-emitting devices, preferring wired connections
whenever possible, and increasing the distance between devices and users. Additionally, updating

|67



/ /

(7 22" UBAK, 08 - 09 March 2025, Ankara (<~
UBAK UBAK

Turkey’s occupational health and safety regulations regarding electromagnetic radiation exposure and
enhancing inspection efforts is a crucial requirement.

In conclusion, this study provides an important contribution by assessing the current state of
electromagnetic field exposure and evaluating potential risks in terms of occupational and human health.
Future research should be conducted on a broader scale and under different spatial conditions to obtain
more comprehensive data on the subject.
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Ozet: Gergekgi su tiiketim projeksiyonlart su kaynaklarinin verimli bir sekilde kullanilabilmesi i¢in hayati 6neme
sahiptir. Gergege yakin su tiiketim projeksiyonlart sayesinde su kithg ve israfi onlenebilir. Bu ¢alismada
Tiirkiye 'nin baskenti Ankara 'min ileri yillardaki su tiiketim degerlerini tahmin etmek icin bir model gelistirilmeye
calisilmistir. Su talebi tahmin modelinin gelistirilmesi igin yapay sinir aglari (YSA) yontemi segilmistir. YSA
agirliklarimin egitilmesinde Jaya algoritmasi kullanilmistir. Jaya algoritmast popiilasyon tabanli ve optimizasyon
yetenegi oldukga yiiksek bir yapay zeka algoritmasidir. Tahmin modeli gayri safi milli hasila (GSYIH) ve niifus
verilerine dayali olarak gelistirilmistir. Modelde kullanilan veriler 2004-2021 yillarini kapsamaktadur. 2000-2017
villart arasindaki veriler su talep modellerinin olusturulmasinda. 2018-2021 yulart arasindaki veriler ise
gelistirilen modellerin test edilmesinde kullanmilmistir. Onerilen model icin egitim seti verileri dikkate alinarak
hesaplanan ortala karesel hata degeri 182.843 m6 dir. Test seti i¢in hesaplanan ortalama rélatif hata degeri ise
%I1.475 dir. Hem egitim hem de test seti icin hesaplanan hatalar dikkate alindiginda YSA-Jaya modeli Ankara
icin su tiiketimini basarili bir sekilde modellemistir. Onerilen model kullamlarak olusturulan su tiiketim
projeksiyonlarmin, su kaynaklarinin yonetimi konusunda karar vericilere faydali olacagi sonucuna varilmistir.

Anahtar Kelimeler: Su Tiiketim Tahmini, Yapay Sinir Aglari, Jaya Algoritmasi, Ankara
Development of Water Consumption Prediction Model for Ankara

Abstract: Realistic water consumption projections are of vital importance for efficient use of water resources.
Water scarcity and waste can be prevented thanks to realistic water consumption projections. In this study, a
model was developed to estimate water consumption values of Ankara, the capital of Turkey, in the coming years.
Artificial neural networks (ANN) method was selected for the development of the water demand estimation model.
Jaya algorithm was used in training ANN weights. Jaya algorithm is a population-based artificial intelligence
algorithm with high optimization capability. The estimation model was developed based on gross national product
(GDP) and population data. The data used in the model covers the years 2004-2021. Data between the years 2000-
2017 were used in developing water demand models. Data between the years 2018-2021 were used in testing the
developed models. The mean square error value calculated by considering the training set data for the proposed
model is 182.843 m6. The average relative error value calculated for the test set is 1.475%. Considering the errors
calculated for both training and test sets, the ANN-Jaya model successfully modeled water consumption for
Ankara. It was concluded that the water consumption projections created using the proposed model will be useful
for decision makers in the management of water resources.

Keywords: Water Consumption Forecasting, Artificial Neural Networks, Jaya Algorithm, Ankara

1.GIRIS

Su tiiketim projeksiyonlar1 su dagitim ve alt yap1 sistemlerinin planlanmasinda dikkate alinan en 6nemli
faktorlerden biridir. Diinyada igilebilir suya erigsimin zorlagtigi géz Oniine alindiginda, gerceke¢i su
tilketim projeksiyonlar1 kisith su kaynaklarmin verimli ve etkin kullanilmasi agisindan hayati 6neme
sahiptir. Su kaynaklarinin verimli kullanilmamasi ve niifusun artmasi, diinya ¢apinda bir¢ok sehirde su
ihtiyacinin karsilanamamas tehlikesini ortaya ¢ikarmigtir (Shuang ve Zhao, 2021). Bu sorun &zellikle
ekonomik aktivitenin ytiksek, is bulma firsatinin daha fazla, egitim ve saglik hizmetlerine ulagimin daha
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kolay oldugu ¢ok go¢ alan metrepollerde daha sik yasanmaktadir. Bu sehirlerden biride Tiirkiye nin
baskenti Ankara’dir. Ankara Tiirkiye’nin en ¢ok gog¢ alan ikinci sehridir (TURKSTAT, 2024a). Ankara
yogun go¢ aldigi icin hizla bliylimektedir. Hizla biiyiiyen sehirlerdeki su talebinin dogru bir sekilde
tahmin edilmesi su tesislerinin ve icme suyu dagitim sebekesinin planlanmasi agisindan kritik neme
sahiptir.

Onceki ¢aligmalar (Firat vd., 2010; Lee ve Derrible, 2020) yapay zeka yontemlerinin istatiksel
yontemlere gore su tiiketiminin modellenmesinde daha basarili oldugunu gostermistir. Bagimli ve
bagimsiz degisken arasindaki lineer olmayan iligkiyi temsil etme yeteneklerinin yiiksek olmasindan
dolay1 zaman serilerine dayali olarak yapilan modelleme ¢aligmalarinda en ¢ok kullamlan yapay zeka
yontemlerinden biri yapay sinir aglari (YSA) teknigidir. Asagida hem diinyada hem de iilkemizde YSA
teknigini kullanarak su tiiketimini modellemeye galisan ¢alismalardan bazilar1 sunulmustur. Zhao ve
Chen (2014) Cin’in Pekin sehrindeki su talebini tahmin etmek igin sosyo-ekonomik ve demografik
faktorlere dayali olarak bir YSA modeli gelistirmistir. Gelistirdikleri modelin su tiiketimini basarili bir
sekilde tahmin ettigini belirtmislerdir. Tang vd., (2012) ve Tian ve Xue (2017) sirasiyla Cin‘in
Guangdong ve Hubei illerindeki su ihtiyacini tahmin etmek icin YSA modelleri gelistirmiglerdir.
Arastirmacilar gelistirdikleri modellerin tahmin giiciiniin yiiksek oldugunu ve farkli bolgeler iginde
uygulanabilecegini belirtmislerdir. Firat vd. (2010) YSA ve regresyon tekniklerini kullanarak izmir’in
su ihtiyacin1 modellemeye calismislardir. Sonuglar YSA yoOnteminin regresyon yonteminden daha
basarih oldugunu gostermistir. Altunkaynak ve Nigussie (2017) YSA yo6ntemini kullanarak Istanbul’un
su tiiketimini modellemistir. Uzlu (2024) Istanbul’un su ihtiyacini tahmin etmek icin YSA ve regresyon
modelleri gelistirmistir. Modellerde bagimsiz degisken olarak gayri safi yurt i¢i hasila (GSYIH) ve
niifus verilerini kullanmistir. YSA modelleri regresyon modelinden daha ger¢ekg¢i tahminler yapmustir.

Bu ¢alismada Tiirkiye’nin baskenti Ankara’nin gelecekteki su ihtiyacim tahmin etmek igin niifus ve
GSYIH verilerine dayali olarak YSA ve Jaya algoritmasidan olusan hibrit bir model sunulmustur.
YSA-Jaya teknigi yeni bir yontem olmasina ragmen daha 6nce enerji (Uzlu, 2019; Uzlu, 2021) alaninda
kullanilmis ve basarili sonuglar elde edilmistir. Bu ¢calismay1 gergeklestirme motivasyonun altinda yatan
ana sebep daha Once Ankara schrinin su ihtiyaci ile ilgili yapilmis herhangi bir g¢alismaya
rastlanamamasidir. Calismanin ger¢eklestirilmesindeki diger bir itici gii¢ ise YSA-Jaya tekniginin su
talebini modelleme yeteneginin daha once hig test edilmemis olmasidir. Bu ¢caligmada sunulan modeller
kullanilarak olusturulacak su talebi projeksiyonlari, mevcut su kaynaklarinin daha verimli
yonetilebilmesi a¢isindan karar vericilere faydali olacaktir.

2.MATERYAL VE METOT
2.1. Su Talebi Tahmin Modelinin Olusturulmasi

Bu calismada Ankara Sehrinin su tiiketimini modellemek icin YSA yontemi kullanilmistir. Sekil 1 de
sunuldugu gibi girdi, ara ve ¢ikt1 katmanlarindan olusan ii¢ katmanli ve ileri beslemeli bir ag secilmistir.
Ara katmandaki noron sayilar1 5, 10, 15 ve 20 olarak secilmistir. Ara ve ¢ikt1 katmanlarinda sirasiyla
hiperbolik tanjant sigmoid ve lineer fonksiyonlar aktivasyon fonksiyonu olarak kullanilmistir. Toplama
fonksiyonu olarak agirlikli toplam secilmistir. GSYIH ve niifus verileri modelin girdilerini, su tiiketimi
verileri ise modelin ¢iktisin1 olusturmaktadir.
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Sekil 1. Su Tiiketimi I¢in Onerilen YSA Modeli

Girdi Ara Cikt1
Katmani Katman Katmani

GSYIH
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Bilginin sakli oldugu YSA agirliklarinin optimizasyonu i¢in Jaya algoritmasi kullanilmistir. YSA
modellerinin egitimi sirasinda amag¢ fonksiyonu olarak ortalama karesel hata (OKH) se¢ilmistir. Jaya
algoritmasi optimizasyon siiresince OKH degerini minimuma indirgemeye calisir. Egitilen agin
performansini degerlendirmek i¢in hata kriteri olarak asagida sunulan ortalama rolatif hata (ORH),
karesel hatalarin karekokii (KHKK) ve ortalama mutlak hata (OMH) segilmistir.

1 n

OKH = _Z(Yk _Ok)2 ()
N\a
n|Y,—0
wFsgy
ORH = - X~ x100 )
KHKK = Hi(yk —ok)z} 3)
OMH =23 [(y, ~0,) @

Yukaridaki denklemlerde 0,ve Y, sirasiyla tahmin edilen ve gézlenen degerleri gosterir. N ise toplam

veri sayisini gosterir. YSA modelleri gelistirilirken kogma sayisi, maksimum iterasyon sayisi ve amag
fonksiyonu degerleri sirastyla 10, 500, 8 x 10°® olarak secilmistir. Jaya icin popiilasyon biiyiikliigii 50
olarak ayarlanmstir. YSA agirliklarinin optimize edilecegi aralik [-1, 1] olarak secilmistir.

2.2. Jaya Algoritmasi

Jaya kelimesi Sanskrit dilinde zafer anlamina gelmektedir. Algoritma isminden anlasilacag {izere en iyi
bireyin hayatta kalmasi ve bu sayede optimum ¢dziimiin bulunmas: ilkesini ¢aligma prensibi olarak
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benimsemistir. Jaya algoritmasinin ¢aligma prosediirii su sekilde 6zetlenebilir. Algoritmanin kontrol
parametrelerinin degerleri belirlendikten sonra algoritma tarafindan rastgele bir popiilasyon olusturulur.
Popiilasyondaki her birey bir aday ¢oziimdiir. Her birey icin amag¢ fonksiyonu degeri hesaplanir.
Algoritmanin amaci amag fonksiyonun degerini optimizasyon siirecinde minimum yada maksimum
yapmaktir. Amag fonksiyonu bir hata degeri ise minimum yapilmaya, fitness degeri ise maksimum
yapilmaya calisilacaktir. Amac fonksiyonun degerine gore popiilasyondaki en iyi ve en kotii bireyler
belirlenir. Yeni bireyler en iyi ve en kotii bireyler dikkate alinarak Denklem 5 araciligiyla rastgele
gelistirilir (Yu vd., 2019). Yeni bireyin amag fonksiyonu degeri mevcut en iyi bireyin amag fonksiyonu
degeri ile karsilastirilir. Yeni bireyin amag fonksiyonu degeri mevcut en iyi bireyin amag fonksiyonu
degerinden daha iyi ise yeni birey mevcut en iyi bireyin yerine geger. Aksi takdirde yeni birey dikkate
alinmaz mevcut birey en iyi birey olarak kalir. Bu siirec maksimum iterasyon sayisina yada amag
fonksiyonu i¢in 6nceden belirlenen bir degere ulasincaya kadar devam eder.

X },k,i = Xjxi T (X j best i _‘X j,k,i‘)_ fy.i (X jworst i _‘X j,k,i‘) ®)

Bu denklemde “X “mevcut ¢6ziimii , “X*” ise aday ¢oziimii gosterir. “Kpest” and “Kuworst” sirastyla
popiilasyondaki en iyi ve en kotii bireyleri gosterir (Zhang vd., 2021). r1 ve roise 0 ile 1 arasinda degisen
kasayilardir. i iterasyon sayisini, j tasarim degiskenini , k ise aday ¢6ziimii gosterir (Uzlu, 2019).

2.3. Veriler

Bu calismada Ankara ilinin gelecekteki su talebini modellemek i¢in GSYIH ve niifus verileri bagimsiz
degisken olarak secilmistir. GSYIH ve niifus verileri Tiirkiye Istatistik Kurumu’ndan temin edilmistir
(TURKSTAT, 2024b; TURKSTAT, 2024c). Su tiiketim verileri ise Anakara Biiyiiksehir
Belediyesi’nden temin edilmistir (ASKI, 2024a; ASKI 2024b). Veriler 2000-2021 yillar1 arasini
kapsamaktadir. 2000-2017 yillar1 arasindaki veriler modellerin olusturulmasinda. 2018-2021 yillar1
arasindaki veriler ise gelistirilen modellerin test edilmesinde kullanilmustir.

Sekil 2. Ankara icin Bagimli Ve Bagimsiz Degiskenlerin Yillar itibariyle Degisimi (TURKSTAT,
2024b; TURKSAT, 2024c; ASKI, 2024a; ASKI, 2024b).

700

4 GSYIH (Milyar TL) i
—=— Su tiiketimi (milyon metre kiip )
Niifus (On bin kisi)

600

500

400

300

200

Gerceklesen degerler

2000 2005 2010 2015 2020
Yillar

2.3. Calisma Alam

Tiirkiye’nin bagkenti olan Ankara i¢ Anadolu Bélgesinin kuzey batisinda 39.57 kuzey enlemi ve 32.53
dogu boylami koordinatinda bulunur. Tiirkiye’de ortalama niifus yogunlugu 107 kisi/km? Ankara da
220 kisi/km?dir (TURKSAT, 2024c). Ankara en biiyiik 300 metropol siralamasinda 131. siradadir ve
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Tiirkiye i¢in stratejik bir dneme sahiptir (ASKI, 2024c). Ankara’nin su ihtiyaci, Sekil 3’te gosterildigi
gibi biinyesinde barindirdig: 11 adet baraj ve kuyulardan temin edilen su ile karsilanmaktadir. 11 barajin
toplam kapasitesi 1,761,8785,00 m*’tiir (ASKI, 2024d). 11 barajda bulunan toplam su miktarinin toplam
kapasiteye orani (toplam doluluk orani) 2022 ve 2023 yillarinda sirasiyla 32.54% ve 41.87%’dir (ASKI,
2024a). 2013 ve 2023 yillar1 arasinda barajlara gelen ve sehre verilen toplam su miktarlar
incelendiginde, 2015, 2019, 2020, 2022 ve 2023 yillar1 harig geri kalan yillarda sehre verilen su miktari
barajlara gelen su miktarindan fazladir.

Sekil 3. Ankara ve Su Kaynaklarmin Konumu
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3. ARASTIRMA SONUCLARI VE TARTISMA

Bu ¢alismada Sekil. 1°de gosterildigi gibi girdi, ara ve ¢ikt1 katmanlarindan olusan bir YSA mimarisi
secilmistir. Girdi katmanindaki iki néron GSYIH ve niifus verilerini temsil etmektedir. Cikt1
katmanindaki ndron ise su tiiketimini temsil etmektedir. YSA agirliklarinin optimizasyonu igin Jaya
algoritmasi tercih edilmistir. Ara katmanda noron sayilar1 6nceki calismalardan (Uzlu, 2019; Uzlu 2024)
edinilen tecriibeler dikkate alinarak 5, 10, 15 ve 20 olarak secilmistir. Gelistirilen modeller i¢in elde
edilen egitim ve test seti hata degerleri Tablo 1°de sunulmustur. Ayrica egitim ve test setleri i¢in en iyi
modelin tahmin ettigi degerlerin gercek verilerle karsilastirilmasi sirasiyla Sekil 4 ve 5°te sunulmustur.

Tablo 1. YSA Modelleri i¢in Egitim ve Test Seti Hata Degerleri

mii?aﬁsi Egitim seti Test seti
ot KKK ou o
2-5-1 192.035 8975 7.268 1.590
2-10-1 190.020 8912 7216 1.552
2-15-1 182.843 8.787  7.036 1475

2-20-1 193.752 8990 7340 1.612
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Sekil 4. Egitim Seti Igin YSA-Jaya (2-15-1) Modelinden Elde Edilen Tahminlerin Gergek Verilerle
Karsilastirilmasi

500

—e— Gergek veriler
YSA-Jaya

450 - /
400 - /

350

200 | \/_///

250

\\

Su tiiketim degerleri (106 m?3)

200 - ‘ ‘ ‘
2000 2005 2010 2015

Yillar

Sekil 5. Test seti i¢cin YSA-Jaya (2-15-1) modelinden elde edilen tahminlerin gergek verilerle
karsilagtirilmasi
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Tablo 1°deki hata degerlerine gore en iyi model ara katmanda 15 néron bulunan YSA-Jaya (2-15-1)
modelidir. YSA-Jaya (2-15-1) modelinin egitim seti icin OKH degeri 182.843 m®, test seti icin KHKK,
OMH ve ORH degerleri sirasiyla 8.787 m®, 7.036 m*® ve 1.475%’dir. Uzlu (2024) Istanbul’un su
tiketimini tahmin etmek i¢in gelistirdigi YSA modelinde test eti icin KHKK, OMH ve ORH degerlerini
sirastyla 17.649 m®, 14.197 m® ve 1.715% olarak hesaplamistir. Bu ¢calismada elde edilen hata degerleri
Uzlu (2024 )tarafindan elde edilen hata degerlerinden daha diisiiktiir. Bu nedenle bu ¢alismada 6nerilen
modelin hata degerleri kabul edilebilir seviyededir.
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4. SONUC

Ankara igin su tiikketimi tahmin modellerinin gelistirilmesi su yonetimi altyapis1 yatirimlarinin verimli
ve siirdiiriilebilir bir sekilde yapilabilmesi i¢in son derece énemlidir. Bu ¢alismada GSYIH ve niifus
verilerine dayali olarak gelistirilen YSA-Jaya modeli Ankara’nin su tiiketimini basarili bir sekilde
modellemistir. Onerilen modelin test seti icin ORH degeri 1.475% olarak hesaplanmistir. Bu ¢alismada,
YSA-Jaya teknigi kullanilarak olusturulan su talebi tahmin modelinin dogrulugu kabul edilebilir
seviyededir. Bu nedenle 6nerilen model kullanilarak Ankara igin gelecege yonelik su ihtiyaci tahminleri
yapilabilir. Bu ¢alismada 6nerilen model kullanilarak olusturulacak su talebi projeksiyonlarinin, mevcut
su kaynaklarinin daha verimli yonetilebilmesi agisindan karar vericilere faydali olacagi
diisiiniilmektedir.
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Ozet: Giiniimiizde hizla artan motorlu tasit sayisiyla birlikte her yil milyonlarca lastik kullamlamaz hale gelmekte
ve biiyiik bir ¢evresel problem olusturmaktadir. Bu nedenle, bir¢ok arastirmact atik lastikleri uygun bir sekilde
degerlendirme, geri doniistiirme ve stirdiiriilebilir bir ¢oziim sunma iizerine kapsamli ¢alismalar yapmaktadir. Bu
¢alismada, atik lastiklerin tas mastik asfalt (TMA) igerisinde kullanim potansiyeli arastirilmis ve asfalt
karisumlarin performasi iizerine etkileri incelenmistir. Calisma kapsaminda, bitiim malzemesi %0, %8, %10 ve
%12 oranlarinda atik lastik ile modifiye edilerek modifiye bitiim elde edilmistir. Modifikasyon isleminin bitiim
tizerindeki etkisini incelemek amaciyla penetrasyon ve yumusama noktast deneyleri yapilmistir. Modifiye bitiim
ile marshall briketleri tiretilmis ve bu briketlerin yogunluk (Dp), bosluk (Va), agregalar arasi bosluk (VMA) ve
asfalt ile dolu bosluk (Vf) parametreleri detayli bir sekilde incelenmistir. Elde edilen sonuglar, atik lastik
malzemesinin asfalt karisimlarin performansini 6nemli dlciide etkiledigini gostermigstir. Yapilan degerlendirmeler
neticesinde %10 oraminda atik lastik ilavesinin hem performans hem de ¢evresel etki bakimindan en iyi sonucu
verdigi belirlenmigstir. Atk lastiklerin asfalt kaplamalarda kullanimi hem asfalt kaplamalarin servis émriinii
uzatmakta hem de atik lastiklerin geri doniistiiviilerek cevresel etkilerinin azaltilmasina katkr saglamaktadr.
Sonug olarak, atik lastiklerin tas mastik asfalt kaplamalarda kullanim, stirdiiriilebilir bir yol altyapist olusturmak
i¢in ¢evresel ve ekonomik agidan énemli bir alternatif olarak ortaya ¢ikmaktadir.

Anahtar Kelimeler: Asfalt, Bitiim, Tas Mastik, Atik Lastik
Performance Analysis of Asphalt Mixtures Containing Waste Tire Rubber

Abstract: Today, with the rapidly increasing number of motor vehicles, millions of tires become unusable yearly
and constitute a major environmental problem. For this reason, many researchers are conducting comprehensive
studies on appropriate evaluation, recycling, and sustainable solutions for waste tires. This study investigated the
potential of using waste tires in stone mastic asphalt (SMA) and their effects on the performance of asphalt
mixtures. Within the scope of the study, bitumen material was modified with waste tire rubber at the rates of 0%,
8%, 10% and 12% to obtain modified bitumen. Penetration and softening point tests were conducted to examine
the effect of the modification process on bitumen. Marshall briquettes were produced with modified bitumen, and
the density (Dp), void (Va), voids in mineral aggregates (VMA) and voids filled with asphalt (Vf) parameters of
these briquettes were examined in detail. The results showed that waste tire material significantly affects the
performance of asphalt mixtures. As a result of the evaluations, it was determined that the addition of 10% waste
tires gave the best results in terms of both performance and environmental impact. Using waste tires in asphalt
pavements extends the service life of asphalt pavements and contributes to reducing environmental impacts by
recycling waste tires. As a result, waste tires in stone mastic asphalt pavements emerge as an important alternative
in terms of environmental and economic aspects to create a sustainable pavement infrastructure.

Keywords: Asphalt, Bitumen, Stone Mastic, Waste Tire Rubber
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1. Giris

Giiniimiizde motorlu tagitlarin kullaniminin artmasi, her yil milyonlarca arag lastiginin kullamm 6mriinii
tamamlamasina ve atik malzeme haline gelmesine neden olmaktadir. Bu atik lastikler, dogada uzun
yillar boyunca bozulmadan kalabildikleri i¢in ¢evresel sorunlara yol agabilmektedir. Atik lastiklerin
hizla artarak birikmesi, bu malzemelerin yok edilmesinin ve ¢evreye olan zararlarmin ortadan
kaldirilmasinin yonetilmesini zorunlu hale getirmistir. Bu sebeple, geri doniisiim veya yeniden kullanim
yontemlerinin  gelistirilmesi, kullanim Omriinii tamamlamig atik lastiklerin  farkli alanlarda
degerlendirilmesi agisindan 6nemli bir gereklilik olmustur. Ozellikle ingaat, yol yapin ve enerji iiretimi
gibi alanlarda bu malzemelerin gesitli sekillerde kullanilmas1 hem siirdiiriilebilir kaynak ydnetiminin
saglanmas1 hem de cevresel etkilerinin kontrol altina alinmasi yoniinden biiyiik bir éneme sahiptir
(Sugdzii ve Mutlu, 2009).

Bu nedenle, son yillarda birgok arastirmaci atik lastiklerin yol insaatinda kullanilabilirliginin
aragtirilmasma yonelik caligmalar yapmaktadir. Atik lastiklerin yol kaplamalarinda kullanilabilme
potansiyeli, bu malzemelerin fiziksel ve kimyasal 6zellikleri goz oniinde bulundurularak arastirilmakta
ve gesitli yontemler kullanilarak incelenmektedir.

Karacasu ve Bilgi¢ (2009), atik lastiklerin bitiim tlizerindeki etkilerini incelemek amaciyla Marshall
deneyi ve siinme performans test yontemlerini kullanmislardir. Calismada, B50/70 ve B70/100 sinifa
sahip bitiim malzemeleri i¢in farkli sekil ve tane boyutlarindaki atik lastikler, agreganin belirli
oranlarinda eklenmistir. Elde edilen sonuglar, atik malzeme kullamilarak tretilen asfalt betonunun,
standart kosullarda {iretilen asfalt betonu ile benzer performans ozellikleri gosterdigini ortaya
koymustur.

Celik (2001), atik otomobil lastigi kullanilarak modifiye edilen bitiim malzemesinin yorulma davranisi
lizerindeki etkisini sabit basing test yontemini kullanarak incelemistir. Calismada, ayrica Kkirig
numuneleri tiretilmis ve kiris numunelerinin yorulma siireleri karsilastiriimistir. %5 oraninda atik lastik
katkis1 eklenen B50 penetrasyonlu bitlimiin yorulma siiresinin iki kat arttigi bulunmustur. Bununla
birlikte, B100 penetrasyonlu bitiimde yapilan modifiye isleminin yorulma siiresini yirmi ti¢ kat artirdigi
gbzlemlenmistir.

Tortum ve arkadaslar1 (2005) gergeklestirdikleri calismada, asmma Tip-2 asfalt betonunda katki
malzemesi olarak kullanilan farkli oranlardaki atik otomobil lastiginin etkisini belirlemek amaciyla
deneysel tasarim yoOntemlerinden Taguchi yontemini kullanmiglardir. Deney sonuglari, en uygun
kosullarin; atik lastik gradasyonunun #40 numarali elek, karisim sicakliginin 155°C, agrega
gradasyonunun Asinma Tip-2 simifi, atik lastik katki oraninin %10, bitiim oraninin %5,5, sikistirma
sicakliginin 135°C ve karistirma siiresinin 15 dakika olmasi1 gerektigini ortaya koymustur.

Bu calismada, atik lastiklerin tas mastik asfalt (TMA) karisimlarinda kullanim potansiyeli ve asfalt
karigimlarinin performanst iizerindeki etkileri detayli bir sekilde incelenmistir. Bu kapsamda, bitiim
malzemesi %0, %8, %10 ve %12 oranlarinda atik lastik ile modifiye edilmistir. Modifikasyon igleminin
bitlim ozellikleri {izerine etkisini belirlemek amaciyla penetrasyon ve yumusama noktasi deneyleri
gerceklestirilmistir. Ayrica, modifiye bitiim ile iiretilen Marshall briketlerinin yogunluk (Dp), hava
boslugu (Va), agregalar aras1 bosluk (VMA) ve asfalt ile dolu bosluk (Vf) parametreleri analiz edilmis
ve detayl bir karsilastirma yapilmustir.

2. Yontem

Bu ¢aligmada Marshall Tasarim Y6ntemi kullanilmistir. Asagida belirtilen adimlar izlenerek numuneler
hazirlanmis ve ilgili deneyler yapilmistir.

[lk olarak, agrega gruplarmin elek analizi yapilmis ve dizayna uygun agrega gradasyonu belirlenmistir.
Ardindan, belirlenen agrega gradasyonuna uygun olarak, agrega karisim oranlar1 hesaplanmistir. Agrega
gradasyonu Karayollar1 Genel Miidiirliigii 2023 Teknik Sartnamesi’ne gore tag mastik asfalt aginma tip-
2 olacak sekilde ayarlanmistir. Agrega gradasyonu ve sartname limitleri Sekil 1°de gosterilmistir.
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Sekil 1. Agrega Gradasyonu

Ayrica, bitiim yiizdesi her bir karigim igin %7,5 olarak secilmistir. Kullanilan bitiim malzemesi ¢esitli
oranlarda atik lastik ile modifiye edilmistir. Bu oranlar %0, %8, %10 ve %12 olarak secilmistir.
Modifikasyon islemi laboratuvar ortaminda yiiksek devirde ve 160 °C sicaklikta ¢alisan elektromekanik
bir karistirici ile yapilmustir.

Modifiye bitiimiin &zelliklerini incelemek amaciyla penetrasyon ve yumusama noktasi deneyleri
yapilmustir. Penetrasyon testi, bitiim malzemesinin yumusaklik ve sertlik derecesini belirleyen temel bir
6l¢lim yontemidir. Bu deneyde, 25 °C sicaklikta, 100 gram agirligina sahip bir ignenin 5 saniye siire
boyunca bitiim igerisine batma miktar1 ol¢iiliir. Diisiik penetrasyon degeri, sertlesmis bitiimii ifade eder
ve daha yiiksek seviyelerdeki yiiklere karsi direncin yiliksek oldugunu gosterir (Kic1 & Saltan, 2020;
Gokalp, Ozinal, & Uz, 2018; Alu¢ & Ahiskali, 2023; Glingor, Saglik, Orhan, & Arikan Oztiirk, 2009;
Yilmaz, Kok, & Yamag, 2015). Yumusama noktasi deneyi ise bitiim malzemesinin belirli bir sicakliga
isitildiginda yumusamaya bagladigi noktadaki sicaklik degeridir. Bu deneyde, yiiziik igerisine daha
onceden dokiilen bitiim malzemesi iizerine konulan bir bilyenin 2,5 cm’lik mesafeye diistiigii anda
belirlenen sicaklik degeri yumusama noktasi olarak adlandirilir (Habib, Kamaruddin, Napiah, & Tan,
2011; Mashaan & Karim, 2013; Krol, Kowalski, Radziszewski, & Sarnowski, 2015; Daniel et al., 2019;
RemiSova & Holy, 2017).

Modifiye bitiim ile marshall briketleri iretilmis ve bu briketlerin yogunluk (Dp), bosluk (Va), agregalar
arasi bosluk (VMA) ve asfalt ile dolu bosluk (Vf) parametreleri detayli bir sekilde incelenmistir. Hava
boslugu parametresi (Va) asfalt karisimlarinin performansini degerlendirmede 6nemli bir parametredir.
Va degeri, asfaltin kaplamalarin kullanim 6mriinii ve tekerlek izi olusumuna karsi dayanikliligin
dogrudan etkileyen bir faktordiir. Buna ek olarak, agregalar arasi bogluk oran1 (VMA) ile asfalt ile dolu
bosluk orani (Vf), asfalt kaplamalarin uzun vadedeki dayanikliligini belirleyen temel gostergelerdendir.
Ayrica, Marshall numunelerinin hacimsel 6zgiil agirligi (Dp) da incelenmistir. Yogunluk parametresi
karigimi olusturan malzemelerin bir araya gelme derecesini belirleyen bir parametredir. Baska bir
ifadeyle, sikistirilan asfalt karisimlarin sikistirma enerjisine karst gosterdigi tepkidir. Asfalt
kaplamalarm mekanik dayaniklilik, tekerlek izi olusumuna karsi direng, stabilite ve uzun émiirliiliik gibi
genel performans kriterlerini etkileyen dnemli parametreler incelenmistir (Maupin, 2003; Katicha &
Flintsch, 2016; Xiao, Amirkhanian, & Juang, 2007; Seo, El-Haggan, King, Lee, & Kim, 2007;
Golalipour, Jamshidi, Niazi, Afsharikia, & Khadem, 2012).
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3. Materyal
3.1. Agrega

Bu caligmada kullanilan bazalt agregalari, Kayseri ilinden bulunan Tuzhisar Tas Ocagi’ndan temin
edilmigtir. Calismada kullanilan agrega fraksiyonlar1 0/5 mm ve 5/13 mm boyutlarindadir. Uygun
agrega gradasyonuna ulagmak i¢in fraksiyonlar eleme isleminden gegirilmis ve tartim i¢in hazir hale
getirilmistir. Kullanilan agregalar, Kayseri ve g¢evresinde yol insaatinda siirekli olarak kullanilan
malzemeler olup KGM 2023 teknik sartnamesinde belirtilen tiim sartname degerlerini saglamaktadir.
Kullanilan agrega ozellikleri Tablo 1’de sunulmustur.

Deney Sartname  Filler Ince Kaba Standart
Los Angeles
<2 13,48 ASTM C 131
Asinma Test (%) =25 348 ASTMC 13
Na2S04 Deneyi <14 0,02 ASTM C - 88
(%)
Hacim Ozgiil
Agirlik (glen) 2,750 2,640 2,720 ASTM D 854
Yasstlik Indeksi <35 13,7 ASTM D 4791
(%)
Tablo 1. Agrega Ozellikleri
3.2. Bitiim

Bu ¢alismada kullanilan bitiim malzemesi, yiiksek kaliteli petrol iirtinleriyle bilinen Tiipras Kirikkale
Rafinerisi’nden temin edilmistir. Tas mastik asfalt karisimlarinin iiretiminde yaygin olarak kullanilan
bir malzeme olan B50/70 smifindaki bitiim tercih edilmistir.

3.3. Atik Lastik

Bu ¢alismada kullanilan atik lastik malzemesi otomobil lastiklerinin oda sicakliginda mekanik yontemle
ogiitiilmesiyle elde edilmistir. Ogiitme islemi sonucunda agiga ¢ikan atik lastik malzemesi No:40 —
No:100 elek araliklarinda olan bir dagilimdadir. Sekil 2’de atik lastik malzemesinin genel goriiniimii
verilmistir.
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Sekil 2. Ogiitiilmiis Atik Lastik

4. Arastirma Bulgular:

Saf ve modifiye bitliim malzemelerinin fiziksel 6zelliklerini incelemek amaciyla penetrasyon ve
yumusama noktasi deneyleri yapilmustir. Ayrica, farkli oranlarda atik lastik igeren bitlim ile tas mastik
asfalt karisimlar: {iretilmis ve iiretilen bu numunelerin Marshall parametreleri (Va, Yogunluk, VMA,
Vf) incelenmistir.

Sekil 3°de goriildiigii gibi atik lastik oram arttik¢a penetrasyon degerlerinde azalma goriilmektedir. %0
katki oranindaki saf bitiim 55,2 ile en yliksek degerine sahipken %12 oraninda atik lastik igeren karigim
47,4 ile en diisiik degere sahiptir. Penetrasyon degerlerindeki bu azalma atik lastik ilavesinin bitiimii
sertlestirdigini ve viskozitesini artirdigini gostermektedir.
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Sekil 3. Penetrasyon Deneyi Sonuglari
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Yumusama noktast sonuglart Sekil 4’te verilmistir. Cesitli kombinasyonlarin yumusama noktasi
degerleri incelendiginde atik lastik oram arttikca yumusama noktast degerlerinin yiikseldigi
goriilmektedir. Saf bitiim (%0) 50,4 °C ile en yiiksek degere sahiptir. Atik lastik oraninin %8 olmasi
durumunda bu deger 54,5 °C’ye ¢ikmaktadir. %10 olan atik lastik oraninda bitiimiin yumusama noktast
artarak 58,0 °C seviyesine ¢ikmaktadir. Son olarak, %14 oraninda atik lastik igeren modifiye bitiimiin
yumusama noktast degeri en yiiksek deger olan 61,0 °C seviyesine ¢ikmaktadir. Bu artig, bitiimiin
modifiye edilmesiyle 1siya karsi daha dayanmikli hale geldigini ve yiiksek sicakliklarda daha az
deformasyona ugradigini gostermektedir.
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Sekil 4. Yumusama Noktasi Deneyi Sonuglari
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Hava boslugu sonuglart Sekil 5’te verilmistir. %0 atik lastik oramindaki kontrol numunesinin hava
boslugu degeri %3,4 iken bu deger %8 atik lastik oranindaki karigimlarda %4,1 seviyesine ¢ikmaktadir.
Atik lastik oranmin %10 oldugu karisimda ise bu oran %3,8 olmaktadir. Son olarak, %12 atik lastik
oranindaki karisimin hava boslugu degeri %4,3 olmaktadir. Genel egilim atik lastik oraninin artmasiyla
hava boslugu degerinin arttig1 yoniindedir. Karayollar1 Teknik Sartnamesi’ne gore tas mastik asfalt
karisimlarin hava boslugu degeri en az %2 ve en fazla %4 olmalidir. Buna goére, modifiye bitiim ile
iiretilen karisimlardan sadece %10 orani sartname degerini saglamaktadir.

- \ %

Sekil 5. Hava Boslugu Sonuglari
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Yogunluk sonuglart Sekil 6’da verilmistir. Atik lastik oram arttik¢a genellikle yogunluk degerlerinde
azalig goriilmektedir. %0 atik lastik oranina sahip kontrol karigimi 2,375 g/cm® yogunluk degerine
sahipken %8 oraninda bu deger 2,368 g/cm® degerine diismektedir. %10 oraninda atik lastik igeren
karigimlarda ise yogunluk degeri 2,372 g/cm® degerine ulasmistir. En diisiik deger olan 2,351 g/cm?
degeri en fazla atik lastik iceren %12 oranindaki karisimlarda goriilmiistiir. Genel olarak, atik lastik
ilavesinin yogunlugu azaltma egiliminde oldugu ve yiiksek atik lastik iceren karigimlarin daha hafif bir
yapida oldugu goriilmektedir.

2,375

2,370 2,368

Yogunluk, Dp (g/cm?)

%0 I %8 I %10 I %12
Sekil 6. Yogunluk Sonuglari

VMA (Agregalar arasi bosluk) sonuclar1 Sekil 7°de verilmistir. Farkli oranlardaki atik lastik modifiyeli
bitlim ile olusturulan karisimlarin VMA degerlerinde ¢esitlilik ortaya ¢ikardigr goriilmektedir. Saf bitiim
ile tiretilen karisimlarda VMA degeri %18,2 iken bu deger %8 modifiyeli karisimlarda %18,6 degerine
yiikselmis, ancak %10 modifiyeli karisimlarda %18,3 ile hafif bir diisiis gostermistir. %12 modifiyeli
karigimlarda ise belirgin bir artig ile %19,3 seviyesine ulagmistir. Karayollart Teknik Sartnamesi’ne gore
tas mastik asfalt karisimlarinin VMA degeri minimum %17 olmalidir. Sonu¢ olarak, VMA
parametrelerinden elde edilen veriler dogrultusunda tiim karigimlarin istenen sartname Kriterlerini
karsiladig1 ve performans acisindan uygunluk gdsterdigi tespit edilmistir.

20,0

19,5

19,0
18,6

18,5

18,2

VMA (%)

18,0

17,5

¢

17,0 T T T
%0 %8 %10 %12

Sekil 7. VMA Sonuglari
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Asfalt ile dolu bosluk (Vf) degerleri incelendiginde (Sekil 8), atik lastik modifikasyon igleminin Vf
iizerinde genel olarak azalis egilimde oldugu goriilmiistir. Atik lastik modifiyesi igermeyen
karigimlarda Vf degeri %82 iken, %8 atik lastik modifiyeli karigimlarda bu deger %78,3 e diismiistiir.
%10 modifiyeli karigimlarda %79,5 seviyesine ¢ikmis ve %12 modifiyeli karigimlarda ise %75,8
seviyesine diigmiistiir. Sonug olarak, kontrol numunesi ile kiyaslandiginda modifiye bitiim igeren
karigimlarin Vf degerlerinde azalma gdrilmistiir.

§ = § 75,8
75 § %
70 . T . T %% T %
Sekil 8. Vf Sonuglart

5. Sonuc ve Degerlendirme

Bu calismada, atik lastiklerin tas mastik asfalt (TMA) karisimlarinda kullanilmasimin asfalt
karisimlarmin performansi iizerindeki etkileri incelenmistir. Elde edilen bulgular, atik lastiklerin bitiim
iizerinde Onemli farkliliklar ortaya cikardigi ve asfalt karigimlarmin 6zelliklerini belirgin sekilde
etkiledigini gostermistir.

Penetrasyon testi sonuclari, bitim modifikasyonunda atik lastik oraninin artmasiyla bitiimiin
sertlestigini ve viskozitesinin arttigini ortaya koymustur. Atik lastik ilavesinin modifiye bitlimiin
yumusama noktasini yiikselttigi ve bu sayede yiiksek sicakliklara karsi daha dayanikli hale geldigi tespit
edilmistir.

Saf ve modifiye bitiim (%8, %10 ve %12) ile Marshall briketleri iiretilmis ve bu briketlere cesitli
deneyler yapilmistir. Marshall numunelerinin hava boslugu (Va), agregalar arasi bosluk (VMA) ve asfalt
ile dolu bosluk (Vf) ve yogunluk (Dp) parametrelerinde degisiklikler gozlemlenmistir. Bu
parametrelerdeki degisiklikler, atik lastik ilavesinin asfalt karisimlarinin mekanik 6zelliklerini ve uzun
omiirliiliigiini etkiledigini gostermektedir. Ozellikle %10 oraminda atik lastik ilavesinin performans
acisindan en iyi sonucu verdigi belirlenmistir.

Sonug olarak, atik lastiklerin bitiim modifikasyon isleminde kullanilarak tas mastik asfalt karigimlarina
ilave edilmesi asfalt kaplamalarin dayaniklihigini artirmakta ve servis Omriinii uzatmaktadir. Bu
sonugclar, atik lastiklerin siirdiiriilebilir bir yol altyapisi olusturulmasinda kullanilabilirliginin 6nemli bir
alternatif oldugunu ortaya koymaktadir.
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Ozet: Borsa, bir iilkenin ekonomik saghginin énemli bir gistergesi olarak kabul edilir ve yatirimcilara, finansal
aractlara ve girketlere yatirim yapabilmeleri i¢in tarafsiz bir platform sunar. Yiiksek kazang potansiyeli sebebiyle,
insanlar geleneksel bankacilik yontemlerine kiyasla borsada yatiruim yapmayi tercih etme egilimindedir. Ancak,
doviz kurlarmmdaki biiyiik degisiklikler nedeniyle, borsaya yatirim yapmak énemli riskler tagir. Bu yiizden, etkili
bir borsa tahmin aract gelistirmek, yatirimcilarin daha bilingli ve dogru kararlar almasina yardimci olabilir. Bu
¢alismada, Python dilini kullanarak yapay zeka teknikleriyle borsa hisse senedi tahmini iizerine bir proje
gerceklestirecegiz. Ozellikle derin 6grenme yontemleri ve makine 6grenme algoritmalarim kullanarak hisse senedi
fivatlarini éngérmeye yonelik kapsamly bir yaklasim gelistirecegiz. Bu rehber, veri bilimi égrencilerinin, yapay
zekanin finansal piyasalardaki roliinii kavrayip, kendi projelerinde nasil uygulayabileceklerini adim adim
ogrenmeleri icin bir yol haritast sunmayr hedeflemektedir. Geligmis veri analizi ve makine dgrenimi teknikleri
sayesinde, hisse senedi tahminleri yapmak daha ulagilabilir ve verimli bir hale gelmistir. Python un sundugu genis
arag ve kiitiiphane segenekleriyle bu projeyi hayata gegirmek, hem pratik becerilerinizi gelistirmenize hem de
teorik bilgilerinizi uygulamaya dokmenize olanak taniyacaktir. Bu proje boyunca, veri setlerinin hazirlanmast,
model se¢im siiregleri, egitim ve test asamalarimn ayrintili bir sekilde ele alinarak, yatirimcilara piyasa
dinamiklerini tahmin etme konusunda saglam bir temel sunmayr hedefleyecegiz. Incelenen yontemler arasinda
Yapay Sinir Ag1 (YSA), k-En Yakin Komsular (KNN), Oto-Regresif Entegre Hareketli Ortalamalar (Auto ARIMA)
ve Uzun Kisa Siireli Bellek (LSTM) bulunmaktadir. Bu ¢alismanin temel amaci, gegmis hisse senedi fiyat verilerine
bakarak gelecekteki degerler hakkinda bir tahmin yapmaktir.

Anahtar Kelimeler: Miihendislik, Borsa, Python, Hisse Senedi, Yapay Zeka
Deep Learning Networks For Stock Market Analysis And Prediction

Abstract: The stock market is considered a significant indicator of a country's economic condition and provides a
neutral platform for brokers and companies to invest. Due to the potential for high returns, people tend to prefer
investing in stocks over traditional banks. However, investing in the stock market carries significant risks due to
the large fluctuations in exchange rates. Therefore, developing a robust stock market prediction system can assist
investors in making more informed decisions. Stock market prediction is a highly interesting research area for
dealing with variable market conditions. Several research studies have been conducted in this field, proposing
various methods. The success of artificial intelligence (Al) and machine learning techniques has demonstrated
their effectiveness in stock market prediction. This thesis explores a deep learning-based approach to predict
future market values using the most popular three machine learning algorithms used in stock price prediction and
historical stock data. The examined methods include Artificial Neural Network (ANN), k-Nearest Neighbors
(KNN), Auto-Regressive Integrated Moving Averages (Auto ARIMA), and Long Short-Term Memory (LSTM). The
main objective of this study is to make predictions about future values by examining past stock price data.

Keywords: Stock market prediction, LSTM, machine learning, deep learning, artificial neural network

1. SERMAYE PiYASALARI NEDIR?

Sermaye piyasalari, uzun vadeli fonlarin arz ve talebinin bulustugu finansal piyasalardir. Sirketler ve
devletler, biiylime ve yatirimlarini finanse etmek i¢in sermaye piyasalarindan fon toplarken, yatirimcilar
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da tasarruflarim1 degerlendirme imkani bulur. Sermaye piyasalari, diizenleyici kurumlar tarafindan
denetlenerek giivenli ve seffaf bir yatirim ortami sunar. Sermaye piyasalari iki ana bilesenden olusur:
Birincil ve ikincil piyasa. Birincil Piyasa sirketlerin ilk kez halka arz yoluyla yatirimcilara hisse satmasi
anlamina gelirken ikincil piyasa halka arz edilmis menkul kiymetlerin yatirimcilar arasinda alinip
satildig1 piyasa olarak nitelendirilir. Tiirkiye'de sermaye piyasalart Sermaye Piyasasi Kurulu (SPK)
tarafindan diizenlenir ve denetlenir. Borsa Istanbul (BIST), Tiirkiye’deki en énemli sermaye piyasasi
kurumlarindan biridir.

1.1.Hisse Senedi Nedir?

Hisse senedi, bir sirketin ortaklik hakkini temsil eden ve yatirimcilara belirli haklar tantyan menkul
kiymettir. Hisse senedi sahipleri, sirketin karindan temettii alabilir ve hisse senetlerini borsada alip
satabilirler. Hisse senetleri, cesitli kategorilere ayrilabilir. Bunlardan en geneli adi ve imtiyazli
hisselerdir. Adi hisseler tiim sahiplerine esit oy hakki ve temettii imkanm sunarken imtiyazli hisseler
sahiplerine oncelikli oy veya temettii hakki tanir. Hisse senetleri, arz ve talebe bagli olarak fiyat
degisimleri gosterir. Yatirimcilar, teknik ve temel analiz yontemleriyle hisse senedi fiyat hareketlerini
tahmin etmeye ¢alisirlar. Sonug olarak, sermaye piyasalari ve hisse senetleri, yatirimcilar ve sirketler
icin 6nemli bir finansal ara¢ olup ekonomik biiyiime ve sermaye dagiliminda kritik bir rol oynar.

1.2.Sermaye Piyasalari1 ve Borsasinin Amaci ve Onemi

Sermaye piyasalar1 ve borsalar, finansal sistemin temel taslarindan biri olarak, ekonominin saglikli
islemesi ve siirdiiriilebilir bliyiimesine 6nemli katkilar saglar. Sirketler ve devletler, uzun vadeli
finansman ihtiyaglarin1 karsilamak igin sermaye piyasalarindan yararlanirken, yatirimcilar da bu
piyasalar araciliiyla birikimlerini degerlendirme ve portfoylerini gesitlendirme firsati bulur. Sermaye
piyasalarmin etkin isleyisi, sirketlerin biiylimesine, projelerini hayata gegirmesine ve yeni yatirimlar
yapmasina olanak tamyarak ekonomik kalkinmayi destekler. Aym zamanda girisimcilerin sermaye
bulmalarim kolaylastirarak yenilikgi is fikirlerinin hayata gegirilmesini tesvik eder. Bireyler ve kurumlar
icin sermaye piyasalari, servet yonetimi agisindan da kritik bir rol oynar.

2. BORSA TAHMININDE KULLANILAN iSTATISTiKSEL MODELLER

Borsa endeksleri, finansal piyasalardaki genel performansi 6lgen ve ekonominin sagligini yansitan
onemli gostergelerdir. Yatirimeilar, borsa endekslerinin gelecekteki degerlerini tahmin ederek dogru
yatirim stratejileri olusturabilirler. Bu noktada, istatistiksel modeller, ge¢cmis verileri analiz ederek borsa
endeksi tahminlerinde 6nemli bir rol oynamaktadir.

2.1.0to-Regressif Entegre Hareketli Ortalamalar (Auto ARIMA)

Auto ARIMA, zaman serilerindeki trendleri ve dongiileri tahmin etmek i¢in kullanilan etkili bir
istatistiksel modeldir. ARIMA modeli, ge¢mis verilere dayanarak gelecekteki degerleri tahmin etmek
icin otoregresyon, entegrasyon ve hareketli ortalama bilesenlerini birlestirir. Bu model, borsa
endekslerinin zaman igindeki degisimlerini anlamak ve gelecekteki egilimleri tahmin etmek igin
kullamlir.

2.2.Yapay Sinir Aglar1 (YSA)

Yapay sinir aglari, biyolojik sinir sistemlerini taklit eden matematiksel modellerdir. Bu modeller, genis
veri setlerini analiz ederek karmasik iligkileri ortaya cikarabilir. YSA'lar, borsa endeks tahminlerinde
kullanilarak non-lineer iliskileri anlamak ve gelecekteki piyasa hareketlerini tahmin etmek icin giiclii
bir aractir.

2.3.Uzun Kisa Siireli Bellek (LSTM)

LSTM, derin 6grenme algoritmalarindan biridir ve 6zellikle zaman serileri analizinde etkilidir. Bu
model, uzun vadeli bagimliliklar1 ve gegmis donemlerdeki desenleri yakalayabilir. LSTM modelleri,
borsa endekslerinin karmasikligin1 ele almak ve degisken piyasa kosullarina uyum saglamak i¢in
kullamlir.
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Sekil 1. LSTM Yap1 Modeli

‘ vector multiplication @ tanh neural networks

. tangent function
‘ vector addition @ sigmod neural networks

Karmagik problemlerde, genellikle daha fazla katmanin kullanilmasi &nerilir. Ancak, ¢ok katmanli
yapilar bazen beklenmedik sonuglara yol agabilir. Modelin ilk katmanlari 6grenmek zaman alirken,
sonraki katmanlar daha hizli 6grenme egilimindedir.

2.4.Monte Carlo Simiilasyonlari

Monte Carlo simiilasyonlari, belirsizlik igeren finansal modellerin analizinde kullanilan istatistiksel bir

yontemdir. Bu simiilasyonlar, rastgele degerler flireterek borsa endekslerinin gelecekteki olast
Senaryolarmi tahmin etmeye yardimci olur. Sonug¢ olarak, borsa endeksi tahmininde kullanilan
istatistiksel modeller, yatirimecilara gelecekteki piyasa hareketleri hakkinda onemli bilgiler saglar.
Ancak, her modelin avantajlar1 ve sinirlamalari vardir ve borsa, bir dizi etkenden etkilendigi i¢in
tahminler her zaman kesin olmayabilir. Bu nedenle, birden ¢ok modelin bir arada kullanilmas1 ve piyasa
kosullarmin dikkate almmasi1 genellikle daha saglikli tahminlere yol acabilir.

3. YAPAY SiNiR AGLARININ OGRENILMESI

Ogrenme, Yapay Sinir Aglar igindeki néronlar arasindaki baglantilarin agirliklarmin ayarlanmasi
stirecini ifade eder. Temel amag, egitim verilerindeki hatay1 en aza indirmektir. Yapay Sinir Aglar1
Ogrenme siireci genellikle denetimli ve denetimsiz 6grenme olmak iizere iki ana kategoriye ayrilabilir.
Denetimli 6grenme siirecinde, ag bir dizi veri ¢ifti kullanarak egitilir, bu ¢iftler giris degerlerini ve
istenen ¢ikis veya hedef degerleri icerir. Her egitimde ag, verilen giris setini kullanarak hedef ¢iktiy1
tahmin etmeye ¢alisir, ardindan hesaplanan ¢ikt1 ile gergek hedef degeri arasindaki fark hatay: belirler.
Ag, bu hatayi en aza indirmek i¢in baglant1 agirliklarini siirekli olarak ayarlayarak 6grenmeye devam
eder. Denetimli 6grenme algoritmalarmin birgok tiirii bulunsa da, delta kurali ve genellikle geri yayilim
algoritmasi olarak adlandirilan delta kuralinin genellestirilmis versiyonu en yaygin kullanilanlardir.
Denetimsiz 6grenme siirecinde ise belirli hedef degerleri bulunmaz; agirlik ayarlamalar1 parametrelere
ve agin degisiklik boyutlarina bagl olarak gerceklestirilir.

4. YAPAY SiNiR AGLARI VE SERMAYE PiYASASI iLiSKiSi
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Iktisadi analizlerde, yapay sinir aglar1 genellikle ekonomik ajanlarin smiflandirilmasi ve zaman serisi
tahminleri igin kullanilmaktadir. iflas tahmininde Yapay Sinir Aglar1 sik¢a tercih edilirken, finansal
krizlere odaklanan uygulamalar nadirdir. Yapay Sinir Aglari, dogrusal regresyon, ikili probit modeli ve
benzeri birgok modeli kapsayabilmesi i¢in aktivasyon fonksiyonlar1 ve ag mimarisini diizenleyebilir.
Ayrica, 6ngoril, siiflandirma ve kiimeleme gibi ¢esitli veri analizi gérevlerinde giiglii bir genel amagh
arag¢ olarak kullanilabilir. Finansal verileri aciklamak i¢in basit dogrusal yapisal modeller genellikle
dalgalanma veya rastgele yiiriiyilisleri yeterince tanimlayamazlar (Temiz, 2024). Geleneksel zaman
serileri analizi, duragan siireglere dayanir ve finansal zaman serilerinde her zaman tatmin edici bir
performans sergilemez. Regresyon yontemleri ve Otoregresif Entegre Hareketli Ortalama (ARIMA)
modelleri, baz1 finansal serilerin dalgalanma kaliplari, fat tails ve dogrusal olmayanlik gibi nedenlerle
dogru bir sekilde tahmin edilememektedir. Yapay sinir aglari, finans alaninda bilimsel yaklasimlarla
glivenilir karar alma siiregleri elde etmek amaciyla genis bir sekilde kullanilmistir. Portfoy yonetimi,
kredi derecelendirme, iflas 6ngoriisii, doviz kuru tahminleri, hisse senedi degerlerinin tahmin edilmesi,
enflasyon ve nakit tahminleri gibi alanlarda, yapay sinir aglar1 veri odakli 6grenme yetenekleri ve
genelleme potansiyeli sayesinde etkili sonuglar saglamistir. Ozellikle, yapay sinir aglarinin, daha énce
goriilmemis veri girdileri i¢cin kabul edilebilir ¢iktilar {iretebilen 6grenme kapasitesi vurgulanabilir.
Finansal tahminlerde yapay sinir aglarmimn umut verici sonuglar sundugu gozlemlenmistir. Girdi
verilerindeki dogrusal olmayan iligkileri kesfetme yetenegi, yapay sinir aglarini borsa ve doviz piyasasi
gibi dogrusal olmayan dinamik sistemlerin modellemesi igin ideal kilmaktadir (Giil, 2023). Yapay Sinir
Aglar, istatistiksel varsayimlardan muaf bir gsekilde ¢alisabilir ve teorik olarak verilerdeki herhangi bir
karmasik dogrusal olmayan modeli tespit edebilir ve gogaltabilir. Ayni zamanda eksik ve yanlis verilere
kars1 daha dayaniklidir.

Yapay sinir aglarimin énemli bir avantaji, istenen dogruluk derecesine yaklasabilmesine ragmen sinirli
sayida gizli sinir agma sahip olmalaridir. Bu, sorunla ilgili énceden varsayimlar gerektirmeyen,
parametrik olmayan regresyon modellerini olusturabilme yetenekleri ile one ¢ikar. Yapay Sinir Aglari,
tahmin dogrulugu ag¢isindan genellikle koklii bir dogrusal regresyon modelinden daha iyidir. Yapay sinir
aglar1, biyolojik sinir sistemlerinin Ozelliklerini taklit eden ve biyolojik uyarlamali 6grenme ve
analojiyle tasarlanmis matematiksel modellerin bir koleksiyonu olarak tamimlanabilir. Ozellikle seri
tahmini ve veri madenciligi gibi adim adim ifade edilemeyen sorunlari ¢c6zmek i¢in kullanighidir. Yapay
Sinir Aglari, genis bir uygulama yelpazesiyle birlikte, cesitli disiplinlerde karmasik problemlerin
¢coziimiinde kullanilmaktadir. Sinir aglari, genis miktarda veri, bilgi ve deneysel bilgi oldugunda en etkili
secenek olabilir; zira diger algoritmalar bu biiyiik veri setlerini isleme konusunda yeterince hizli ve
dogru olamayabilirler. Istatistiksel yontemler bakimindan, basit fonksiyonlar tarihi ekonomik verilere
dayanarak ekonomi alanindaki karmasik siirecleri dngérmek icin iyi bir ilk yaklasim saglayabilir.
Ayrica, istatistiksel kamu verileri gibi giivenilir veri kaynaklariyla desteklenen bu yontemler, ekonomik
degerlendirmelerde kullanilabilir(Tavukgu, 2023).

5. YAPAY SINiR AGLARI iLE BORSA ENDEKSi TAHMIiNi UZERINE BiR UYGULAMA
5.1. Proje Amaci

Projenin temel amaci, gegmis hisse senedi verilerini kullanarak gelecekteki Kapanis fiyatlarini tahmin
eden bir model gelistirmektir. Bu tahminler, yatirimcilara piyasa hareketlerini éngérme konusunda
yardimei1 olabilir ve yatirim kararlarim daha bilingli bir sekilde almalarma katkida bulunabilir.

5.2. Veri kiimesi ve Veri On isleme

Veri toplama asamasinda, yfinance kiitiiphanesi kullanilarak hisse senedi verileri indirilir.
download data fonksiyonu, belirli bir hisse senedi sembolii (op), baslangi¢ tarihi (start date) ve bitis
tarihi (end date) belirlenerek borsa verilerini ¢eker. Bu veriler, yf.download fonksiyonu araciligiyla
indirilir ve bir DataFrame olarak dondiiriiliir. Veri 6n isleme siirecinde, 6nce kapanis fiyatlari (Close)
alinarak data DataFrame'inde df adinda yeni bir DataFrame olusturulur. Bu DataFrame {izerinde tahmin
giin sayisina (num) gore kapanis fiyatlar1 kaydirilir.
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Sekil 2.Veri On Islemesi Yapan Kod Pargacig

b.pyplot as

I.keras.models imp
keras.layers in

data

scaler = Mi
scaled data

5.2.1.Zaman Serisi Veri Seti Olusturma

Sekil 3. Zaman Serisi Olusturan Kod Pargacigi

e(len(data)-time_step-
¥.append(data[i: (i+time_step)])
y.append(data[i + time_step, 8])

1):

n np.array(X), np.array(y)

time step = 98

Create_dataset fonksiyonu, data dizisinden belirli bir time_step (6rnegin 90) uzunlugunda ge¢mis
degerleri alarak giris (X) ve hedef (y) dizileri olusturur. Her X 6rnegi, 6nceki 90 giiniin verisini igerirken,
ilgili y degeri 91. giiniin fiyat1 olur. Bu fonksiyon, LSTM modelinin ge¢mis fiyatlar1 kullanarak
gelecekteki fiyatlar1 tahmin edebilmesi igin veriyi uygun formata sokar. X, zaman serisi verisini 3D
sekline getirerek (num_samples, time_step, features) LSTM aginin beklentilerine uygun hale getirir.

Sekil 4.Capraz Dogrulama Kod Pargacigi

tscw =
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TimeSeriesSplit(n_splits=3) Veriyi 3 parcaya bdlerek egitim ve test kiimeleri olusturur. Klasik ¢apraz
dogrulamanin aksine, gelecek veriyi gecmis veriyle test etmez, yalnizca gegmisten gelecege dogru
bolme yapar. Bu kod parcaciginin kullanim Amact Modelin zaman igindeki performansini
degerlendirmek i¢in kullamilir. Overfitting’i azaltmaya ve modelin genelleme giiciinii test etmeye
yardimce1 olur.

5.2.2. Model Se¢imi(LSTM) ve Egitim

Bu fonksiyon, hiperparametre ayarl bir LSTM-GRU modelini olugturmak i¢in Keras Tuner kullanarak
optimize edilecek cesitli hiperparametreleri igerir. Ilk ve iiciincii katmanlar LSTM, ikinci katman ise
GRU olarak tasarlanmis olup, return_sequences=True ayariyla ara katmanlarda zaman serisi bilgisinin
korunmasini saglar. Her katmandaki ndron sayisi (units_1, units_2, units_3) hiperparametre olarak
secilir. L2 diizenlilestirme (kernel regularizer=12(8)) agirliklarin asir1 biiyiik olmasim engellerken,
dropout (dropout 1, dropout 2, dropout_3) asir1 6grenmeyi (overfitting) dnler. Tam baglantili katman,
ReL U aktivasyonu ile olusturulmus ve ¢ikis katmaninda bir néron bulunarak gelecekteki fiyat tahminini
iiretir. Modelde, AdamW optimizasyonu kullanilarak 6grenme hizi (learning rate) hiperparametre
olarak optimize edilir. Bu model, Borsa istanbul'daki (BIST) Tiipras hissesi gibi zaman serisi verileriyle
calisarak tahminler yapmak amaciyla tasarlanmistir ve Keras Tuner ile LSTM, GRU, dropout orani,
dense noron sayis1 ve 6grenme hizini optimize ederek en iyi modeli segcmeyi hedefler.

Sekil 5.LSTM Modeli Olusturan Kod Parcacig

build_model(hp):
model = Sequential()

model .add(LSTM{units=hp.Int({ units_1
return_sequences=
kernel_regulari ))
model . add (Dropout (hp.Float(" 1', 8.85, 8.2, step=@.85)))

model .add (GRU(units=hp.Int( 'units_2', min_value=58, max_value=208, step=58), return_sequences=

model . add( out (hp.Float(" 2', 8.85, 8.2, step=0.8

model.add (LSTM(units=hp.Int( units_3 in B8, step=58)))
model . add (Dropout (hp.Float(" 3', 6.85, @.2, step=08.85

model .add (Dense(units=hp.Int e_units’, min_value=28, max value=1@8, step=18), activation="relu’))
model .add(Dense (1))

optimizer = AdamW(learning rate=hp.Flo f.8001, ©.8085, step=06.8801))
model.compile(optimizer-optimizer, loss=

return model
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5.2.3. Hiperparametre Optimizasyonu ve En iyi Hiperparametreleri Se¢me

Sekil 6. Hiperparametre Optimizasyonu Yapan Kod Pargacigi

tuner = kt.Rando
build model,
objective="val lo

max_trials=15,

execu

directory="1st

project_name="tu
)
tuner.search(

X ¥,

epochs=18@,

batch_size=32,

validatic plit=8.2,

callbacks=[EarlyStopping(monitor="val loss', patience=12, restore best weights=

LSTM modelinin en iyi hiperparametrelerini belirlemek igin kt.RandomSearch yontemi kullamlarak
rastgele arama (Random Search) uygulanmustir. Modelin optimizasyon hedefi val loss (dogrulama
kayb1) olarak belirlenmis ve toplamda 15 farkli model denenmistir (max_trials=15). Her model yalnizca
1 kez calistirilmis (executions_per_trial=1) ve elde edilen sonuglar Istm_tuning dizinine kaydedilmistir.
Proje ad1 ise 'tuning_tupras' olarak belirlenmistir. Model egitimi Tuner.search() fonksiyonu ¢agrilarak
baslatilmis ve 100 epoch boyunca siirdiiriilmiistiir. Batch size 64 olarak belirlenirken, verinin %20’si
dogrulama i¢in ayrilmistir (validation split=0.2). Egitim siirecinde EarlyStopping Callback kullanilarak,
eger dogrulama kaybi (val loss) 12 epoch boyunca iyilesmezse egitim erken durdurulmustur. Bu
yontem, modelin dogrulama kaybini1 minimize eden en iyi hiperparametre kombinasyonunu bulmay1
hedefler. Hiperparametre optimizasyonu, modelin asir1 6grenmesini (overfitting) dnlemek ve genelleme
performansini artirmak acisindan kritik bir adimdir. Random Search, belirlenen hiperparametre
araliklarindan rastgele kombinasyonlar segerek performansi degerlendirir ve Grid Search yontemine
kiyasla yiiksek boyutlu hiperparametre uzayinda daha hizli ve verimli olabilir. Ornek hiperparametreler
arasinda LSTM katman sayis1, dropout orani, 6grenme orami ve aktivasyon fonksiyonlari gibi bilesenler
yer alir.

5.2.4. Final Model Egitimi

Sekil 7. Final Model Egitimi Yapan Kod Parcacig1

history = best_model.fit(

ep =164a,

batch size=best batch size,
valida n_split=6.2,
callbacks=[EarlyStopping(monitor="val ', patience=12, restore best weights=
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En iyi model 100 epoch boyunca egitilir. Batch size hiperparametre olarak atanmustir (best_batch_size).
Verinin %20’si dogrulama i¢in ayrilmistir (validation split=0.2). EarlyStopping callback’i ile val loss
10 epoch boyunca iyilesmezse egitim durdurulur ve en iyi agirliklar geri yiiklenir.

5.3.Gelecek Tahmini Yapma

Sekil 8.Gelecek Tahmini Yapan Kod Parcacigi |94

= data.values[-248:].reshape(-1, 1)
caled = scaler.transform(last_248 days)
248 days_scaled.reshape((1, last_248 days_scaled.shape[8], 1))

5

dictions = []
_ e(future_days):
future price = best model.predict(X
future_predictions.append(future_p
X _input = np.append(X input[:, 1:, :], future price.reshape(1, 1, 1), axis=1)

future_predictions = scaler.inverse_transform(np.array(future_predictions).reshape(-1, 1))

Son 240 giiniin verisi alinarak 6lgeklendirilir. Bu veriler modele giris olarak verilerek gelecekteki fiyat
tahminleri {iretilir. 10 giin boyunca tahminler yapilir ve her tahmin giris verisine eklenerek model
giincellenir. Olgeklendirilmis tahminler ters cevrilerek gercek fiyatlara doniistiiriiliir. Tahmin edilen
fiyatlar, gelecek is giinlerine gore tarih araliginda gorsellestirilir.

5.3.1. Sonuglar1 Gorsellestirme ve Tabloya Aktarma

Sekil.9 Tabloyu gorsellestiren Kod Pargacigi

1t. figure(figsi
1t.plot(data. inc 8 , data[’C ]-value » ue', 1la i » linewidth=2)
e_predictions, =n’, linewidt . la ¢ Tahminler")
fontsize=14)

1t.legend(
11t grid(
plt.show()
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Sekil 10. Tiiprasa Ait Gecmis ve Gelecek Tahmini Fiyat Grafigi

TUPRS.IS - Gercek ve Gelecek Fiyatlar

—— Gercek Fiyat | 95
— Gelecek Tahminler

180 o

160 4

80 -

60

2023-01  2023-04  2023-07  2023-10  2024-01  2024-04  2024-07 2024-10  2025-01
Tarih

Sekil 11.Gelecek Tahiminlerini Ekrana Yazdiran Kod Parcacig

df_future_predictions = pd.Data : re_dates,
2': future_ predictions.flatten

print{df future predictions)

Date Predicted Price

0 2025-92-83 140.018326
1 2025-02-04 139.922119
2 2025-02-85 139.772186
3 2025-02-86 139.582230
4 20825-02-67 139.372787
5 2825-02-10 139.156082
6 2025-02-11 138.937332
7 2025-02-12 138.7181@9
8 2025-902-13 138.498962
9 2025-02-14 138.280075

Egitim siirecinin ardindan model, tahmin giin sayisina gore gelecekteki kapanis fiyatlarini tahmin eder
ve sonuglar ekrana yazdirihir. Model, belirli bir giin sayis1 (6rnegin, 10 giin) i¢cin gelecekteki kapanis
fiyatlarini tahmin etmistir. Bu tahminler, belirli bir donem i¢in hisse senedi fiyatlariin 6ngoériilmesine
yardimce1 olur. Burada modelimiz ilk giin 140.018326 degerini alacagini 10. giiniin sonunda bu degerin
138.280075’e diisecegini Ongermektedir. Gergek ve tahmin edilen fiyatlar c¢izgi grafigi ile
gorsellestirilir. Son 500 giiniin kapams fiyatlar1 mavi renkte gosterilir. Tahmin edilen fiyatlar yesil
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renkte, kesikli ¢izgi ve daire isaretleyiciler ile belirtilir. Grafik bashigi, x ve y eksenleri etiketlenir ve bir
aciklama eklenerek anlasilir hale getirilir. Grafik {izerinde 1zgara ¢izgileri eklenerek okunaklilik artirlir.

5.3.2. Modelin Performans Olgiitleri
Sekil 12.Modelin Performansini Veren Kod Pargacigi

df future predictions = pd.DataFrame({'Date’: future dates,
ed Price': future_predictions.flatten()})
print{df_future_predictions)

y_pred scaled = best model.predict(X)

y_pred scaler.inverse_transform(y_pred_scaled)
y_true scaler.inverse_transform(y.reshape(-1, 1))

e = mean_squared_error(y_true, y_pred)
rz = r2_score(y_true, y pred)

print{f"
print({

119/119 55 37ms/step
Mean Squared Error (MSE): 21.6192
R® Score: 8,9877

R2 Score = 0.9988

R? (R-kare), modelin veriyle ne kadar iyi uyum sagladigini gosterir. 1'e ne kadar yakinsa, model gergek
fiyatlar1 o kadar iyi tahmin ediyor demektir. 0.9988 gibi neredeyse miikemmel bir R? skoru, modelin
fiyat hareketlerini ¢ok iyi yakaladigini gosteriyor.

Yorum: 0.9988 degeri, modelinin %99.88 dogrulukla fiyatlar1 agiklayabildigi anlamina gelir. Model,
veri setindeki trendleri ve kaliplar1 ¢ok iyi 6grenmis gibi goriiniiyor. Ancak, asir1 6grenme (overfitting)
riskine dikkat edilmesi gerekir.

6.SONUC VE DEGERLENDIRME

Bu calismada, Tiipras (TUPRS.IS) hissesinin gelecekteki fiyatlarmi tahmin etmek amaciyla LSTM
(Long Short-Term Memory) ve GRU (Gated Recurrent Units) modellerini igeren bir derin 6grenme agi
kullanildi. Zaman serisi verisi olarak 2010'dan 2025'e kadar olan kapanis fiyatlari alind1 ve model, son
240 giinliik veriyi kullanarak gelecekteki 10 is giinii i¢in tahminlerde bulundu.

6.1.Model Performansi

Modelin dogrulugu, egitim siirecinde kullanilan erken durdurma (early stopping) ve validation split
yontemleriyle optimize edilmistir. Egitimde kullanilan hiperparametreler, Keras Tuner ile optimize
edilerek en iyi modelin bulunmasi saglanmigtir. EGitim stireci boyunca dogrulama kaybi ve egitim kayb1
izlenmis, modelin asir1 6grenme (overfitting) yapmasi engellenmistir. Egitilen model, son 240 giiniin
verisi kullanilarak gelecekteki fiyatlarin tahminini basarmustir.

6.2. Tahmin Sonuclari
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Modelin yaptigi 10 giinliik fiyat tahminleri, belirli bir giiven araliginda yapilan ¢ikarsamalara dayanarak,
gelecek 10 is gilinil igin Tiipras hissesinin fiyat hareketlerini 6ngérmiistiir. Bu tahminler, hisse senedinin
potansiyel fiyat dalgalanmalarini anlamak igin kullanilabilir, ancak her zaman digsal faktorler (6rnegin,
piyasa haberleri, ekonomik gdstergeler) tahminlerin dogrulugunu etkileyebilir.

6.3.Degerlendirme ve Sonuclar

Sonuglar, modelin gecmis fiyat hareketlerini kullanarak anlamli bir tahmin basarisi gosterdigini
belirtmektedir. Ancak, finansal piyasalardaki belirsizlikler ve volatilite géz 6niine almdiginda, bu tiir
tahminlerin yalnizca yon gdstermek amaciyla kullamilmasinin daha dogru olacagi sdylenebilir. Model,
zaman serisi verileri iizerinde iyi bir performans sergilese de, her zaman dissal degiskenlerin etkisiyle
tahminlerin dogrulugu sinirli olabilir. Sonug¢ olarak LSTM ve GRU tabanli modeller, hisse senedi
fiyatlarmin tahmini konusunda gii¢lii bir performans sergilemistir. Bu modelin basarisi, sadece gecmis
verilere dayalidir. Piyasa soklari, haberler ve diger digsal faktérler tahminlerin dogrulugunu
etkileyebilir. Bu modelin, giincel piyasa verileri ve ekonomik gdstergeler ile desteklenmesi, daha giiglii
ve giivenilir tahminler elde edilmesine yardimei olabilir.

Sonug olarak, bu model hisse senedi tahminleri i¢in potansiyel bir ara¢ sunmaktadir, ancak yatirim
kararlar1 alirken dikkatli ve kapsamli bir analiz yapilmasi 6nemlidir
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Ozet: Ribavirin pek ¢ok viral hastahgin tedavisinde kullanilan anti-viral bir ilag etken maddesidir. Ribavirin RNA
sentezini durduran bir niikleotit inhibitériidiir. Hepatit C’nin tedavisinde peginterferon alfa 2a veya 2b ile beraber
vaygin olarak kullanilmaktadir. HIV ve Kirim-Kongo kanamali atesi gibi hastaliklarda da kullamldig
bildirilmistir. Ribavirin'in IUPAC adi 1-[(2R,3R,4S,5R)-3,4-dihidroksi-5-(hidroksimetil) oksolan-2-yl]-1H-1,2,4-
triazol-3-karboksamit tir. Metilen mavisi ve tiirevleri sulu ortamda tersinmez olarak okside olur ve elektrot
tizerinde polimerik film olusturur. Bu azin tirevlerinin diisiik ¢oziintirliikleri ve yiiksek oksidasyon
potansiyellerinden dolayt polianilin ve polipirol gibi iletken polimerlere gére polimerizasyonda akim verimi ¢ok
diistiktiir. Bu c¢alismada metilen mavisinin elektropolimerizasyonu Autolab 128N model potanstiyostat ve
galvanostat cihazi kullanilarak olusturuldu. Arastirmada 3 mm ¢apli camsi karbon elektrot (BASi MF-2012),
karsit elektrot olarak platin tel ve referans elektrodu olarak Ag/AgCl (3M KCI) elektrodu kullamldi. Potansiyel
6l¢iimleri tasarlanan ve bilgisayar programi ile desteklenmig ¢ok kanalli potansiyometre cihaziyla ger¢eklestirildi.
Referans elektrot olarak Basi-MF-2079-RE-5B marka Ag/AgClI elektrot kullamldi. Bu arastirmada, camsi karbon
elektrot metilen mavisinin elektropolimerizasyonu ile modifiye edilmistir. Optimum sartlar belirlemek amaciyla
Jfarkl tampon ve farkli dongii sayilart ¢alisildi ve optimum pH ve dongii sayist sirasiyla 8,1 ve 25 olarak belirlendi.
Elektropolimerizasyon sunucu iletken polimer film icerisinde ribavirin molekiiliiniin molekiiler baskilanmasi
vapumistir.  Poli(Metilen mavisi) ve ribavirin baskilanmis poli(Metilen mavisi) modifiye elektrotlarin
elektrokimyasal ozellikleri doniigiimlii voltametri ve potansiyometri teknikleri kullanilarak incelenmistir. Deneysel
calismalar sonucunda modifiye elektrodun ribavirine karsi potansiyometrik cevabi dogrusal olup sensor olarak
kullanilabilecegi sonucuna varilmigtir.

Anahtar Kelimeler: Elektropolimerizasyon, Modifiye Elektrot, Ribavirin, Voltametri, Potansiyometri

1.GIRiS

Biyosensdérler; biyolojik tepkimelerde ve buna benzer ¢esitli ortamlarda hedef analitleri denetlemek,
kalitatif ve kantitatif tayin yapabilmek i¢in kullanilan kiigiik algilayici cihazlardir. Biyokimyasal ve
elektrokimyasal iki yapidan meydana gelmistir. Biyokimyasal kisim analiz edilecek maddeyle

etkilegerek onu tanir ve elektrokimyasal kisim ise bu tanima olayini 6l¢tilebilir bir sayisal degere gevirir
(Oztekin, 2008; Yao vd., 2005:372).

Biyosensor yapiminda elektrokimyasal olarak sentezlenen polimerler, hem biyosensdrlerin hizini,
duyarliligini ve segiciligini gelistirdikleri hem de enzimlerin immobilizasyonu i¢in uygun matriks ortami
olduklar i¢in siklikla kullanilmaktadirlar. Tayinleri klinik, ¢evre, tarim ve biyoteknolojik acidan 6nemli
olan analitleri 6lgmek ig¢in iletken polimer temelli pek ¢ok biyosensor gelistirilmistir (Quin vd.,
2011:127)

Molekiiler baskilama yontemi onemli avantajlara sahiptir ve bunlardan yararlamlabilir. Molekiiler
baskil1 polimerin en 6nemli avantajlar1 hazirlama kolaylig, kararliligi ve diisiik maliyetidir. Ayrica
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secici elektrotlarm algilama bileseni olan dogal reseptorlerin yerine kullanilabilir. MIPs, baskilanacak
molekiillerin varliginda yiiksek capraz bagli molekiilerin sentezlenmesiyle yapilir. Baskilanan
molekiillerin ayrilmasindan sonra polimer, baskilanan molekiil ya da benzer bilesikler icin segici bir
baglayici madde olarak kullanilabilir. MIPs'm tamamlayici boélgeleri c¢esitli konfigiirasyonlarda
hazirlanabilir ve hedef molekiillerin yapisina gore uyarlanabilir. Son 20 yilda baskili polimerlerin analit
tayininde kullaniminin arttig1 goriilmiistiir (Li ve Wei, 2009:663).

Fenazin, Fenoksiazin ve Fenotiazin gibi azin tiirevleri elektrokatalitik 6zelliklerinden dolay1 son
zamanlarda biiylik ilgi gérmektedir. Bu boyalarin suda ¢dziinmesi, metal iizerine absorbe olmasi ve
anyonik polimerlerin i¢ine katilabilmesinden dolay1 biyomedikal, g¢evresel ve biyoteknolojik analiz
alanlarinda siklikla kullanilir. Tiyonin, toluidin mavisi, metilen mavisi, azur ve notral kirmizist gibi
amino gruplu azin tiirevleri sulu ortamda tersinmez olarak okside olur ve elektrot {izerinde polimerik
film olusturur. Bu azin tiirevlerinin diisiik ¢oziniirliikkleri ve yiiksek oksidasyon potansiyellerinden
dolay1 polianilin ve polipirol gibi iletken polimerlere gore polimerizasyonda akim verimi ¢ok diigtiktiir
(Hepel ve Janusz, 2000:3785; Ganesan ve Ramarai, 2000:54; Kalyoncu ve Alanyali, 2011:133; Inzelt,
2008; Xiao vd., 2011:10055).

Ribavirin pek ¢ok viral hastaligin tedavisinde kullanilan anti-viral bir ila¢ etken maddesidir. Ribavirin
RNA sentezini durduran bir niikleotit inhibitoriidiir. Ticari isimlerine 6rnek olarak Copegus, Rebetol,
Ribasphere, Vilona ve Virazole verilebilir. Hepatit C’nin tedavisinde peginterferon alfa 2a veya 2b ile
beraber yaygin olarak kullanilmaktadir. HIV ve Kirim-Kongo kanamali atesi gibi hastaliklarda da
kullanildig1 bildirilmistir (Crotty vd., 2002:86; Ergoniil vd., 2004:284; Ascioglu vd., 2011:1215; Sidwell
vd., 1972:705).

Bu ¢alismada bir ilag etken maddesi olan Ribavirin ile baskilanmis poli(Metilen mavisi) modifiye GCE
kullanilarak  farkli ¢ozelti ortamlarinda ve farkli konsantrasyonlarda ribavirinin elektrokimyasal
Ozelliklerinin belirlenmesi amac¢lanmustir.

2.DENEYSEL KISIM

Elektrokimyasal oOlglimler ve metilen mavisinin elektropolimerizasyonu Autolab 128N model
potanstiyostat ve galvanostat cihazi kullanilmigstir. 3 elektrotlu ¢alisma hiicresinde ¢alisma elektrodu
olarak 3 mm ¢apli cams1 karbon elektrot (BASi MF-2012), yardime1 elektrot olarak platin tel ve referans
elektrodu olarak Ag/AgCl (3M KCl) elektrodu kullanilmustir.

Potansiyel olctimleri, ¢cok kanalli potansiyometre cihaziyla gerceklestirildi. Referans elektrot olarak
Basi-MF-2079-RE-5B marka Ag/AgCl elektrot kullanildi.

Elektrokimyasal dl¢iimlere baslamadan 6nce camsi karbon elektrodun yiizeyi 50 nm’lik aliimina tozu
siispansiyonu ile diiz bir zemin iizerinde parlatildi. Bu islem i¢cin BASi PK-4 polishing kit kullanildi.
Elektrot saf sudan gegcirildikten sonra 30 saniyelik sonikasyon islemine tabi tutuldu. Uygulanan bu
islemlerle elektrot yiizeyindeki organik ve inorganik kirlilikler uzaklastirilarak temiz ve parlak bir yiizey
elde edildi. Kullanilan hiicre, karsit elektrot ve referans elektrot 3 kez ultra saf sudan gegirildikten sonra
elektrotlar hiicreye yerlestirildi.

Elektropolimerizasyonda pH' s1 8,1 olan 0,1 M fosfat tamponu igeren 9,5 mL ¢ozeltiye 2.102 M sulu
metilen mavisi ¢ozeltisinden 0,5 mL ilave edilerek hazirlanan deposizyon ¢ozeltisi kullanilmistir. -0,4
ile +1,2 V smir degerlerinde 25 dongiiliik 100 mVs™ tarama hizinda dongiisel voltamogramlar aliarak
monomerlerin camsi karbon elektrot ylizeyinde elektrokimyasal polimerizasyonu saglandi. Ayni ¢ozelti
ortamina 0,01 M olacak sekilde ribavirin ilave edilerek molekiiler baskilama i¢in elektropolimerizasyon
gerceklestirildi ve ribavirinin poli(Metilen mavisi) i¢ine doplanmas1 sagland.

Elde edilen ribavirinli poli(Metilen mavisi) i¢inde uygun bosluklar olusturarak hapsolmus (doplanmis)
ribavirin molekiillerini polimerik yap1 disina ¢ikarmak icin 0,5 M H2SO4’le 1 giin muamale edilmis ve
daha sonra 1 saat ultra saf suda bekletilerek yikanmustir.

3.SONUC VE TARTISMA

Metilen mavisinin cams1 karbon elektrot tizerindeki elektrokimyasal davranisini incelemek iizere 10 ml
0,1 M fosfat tamponunda 1.10° M metilen mavisi olacak sekilde hazirlanan ¢ozeltide -400, +600 mV
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arahiginda doniisiimlii voltamogrami almmustir (Sekil 1). Bu ¢aligmada tarama hizi 100 mVs™ olarak
sabit tutulmustur.

Sekil 1. 1.10"° M metilen mavisinin -400, +600 mV araligindaki CV'si

Alam (4]

I I L L
0.1 0.2 0.2 0.4 0.5
Potansivel (V)

Metilen mavisinin elektrot yiizeyinde gergeklestirdigi reaksiyon literatiirde Sekil 2° de verildigi gibi
katyonik halin 2 elektron ve 1 proton alarak leuco-metilen mavisi yapisina doniistiigii seklinde
belirtilmistir (Matsuda vd., 2003:313).

Sekil 2. Metilen mavisinin redoks reaksiyonu

H
|

N . N
(CHy),N s N(CH), (CH3),N S SN¥(CHy)

Elektropolimerizasyonda pH' s1 8,1 olan 0,1 M fosfat tamponu igeren 9,5 ml ¢ozeltiye 2.10% M sulu
metilen mavisi ¢ozeltisinden 0,5 ml ilave edilerek hazirlanan deposizyon ¢ozeltisi kullamilmistir. -0,4
ile +1,2 V sinir degerlerinde 25 dongiiliik 100 mVs™ tarama hizinda déngiisel voltamogramlar: almarak
monomerlerin cams1 karbon elektrot yiizeyinde elektrokimyasal polimerizasyonu saglandi. 5, 10, 15,
20, 25 dongiiliik degerlerde elektropolimerizasyona ait CV voltamogramlar1 uygun polimerizasyonu
belirlemek i¢in tercih edilmistir. 5 ve 25 dongiiliik elektropolimerizasyona ait voltamogramlar sirastyla
Sekil 3 ve Sekil 4°de verilmistir.
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Sekil 3. Poli(Metilen mavisi) sentezi (5 dongii)
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Sekil 4. Poli(Metilen mavisi) sentezi (25 dongii)
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Literatiirde metilen mavisinin elektropolimerizasyonu sonucunda olusan poli(Metilen mavisi) yapisi

0.5
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Sekil 5° de gosterilen yapida verilmistir(Karyakin vd., 1993:289).

Sekil 5. Poli(Metilen mavisi)

b
xr o
=
N
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Modifiye elektrodun ribavirine karsi potansiyometrik sensdr davramisim incelemek {iizere farkl
ortamlarda ribavirin varhginda géstermis oldugu potansiyeller Ag/AgCl (3M KCl) elektroduna kars
Olgtilmiistiir. Farkli ¢ozelti ortamlari olarak saf su, fosfat tamponu, ii¢ farkli konsantrasyonda NaNO3
(0,01; 0,05; 0,1 M) ve pH's1 2, 3, 4, 5, 6 olan asetat tampon ¢dzeltileri (0,05 M) secilmistir. Ribavirin
varhginda degisen hiicre potansiyelleri 1.107, 1.10%,1.10%, 1.10*, 1.103, 1.10 M ribavirin derisimleri
icin belirlenerek potansiyel-konsantrasyon grafikleri olusturulmustur.

Ribavirinli poli(Metilen mavisi)nin sulu ortamda farkli konsantrasyonlarda ribavirin igeren ¢ozeltilerde
alan potansiyometrik ol¢iimleri ve olusturulan kalibrasyon grafigi sirasiyla Sekil 6 ve Sekil 7°de
verilmistir.

Sekil 6. Rib-PMM'nin saf sudaki potansiyometrik sinyalleri (1.107-1.10M Ribavirin)
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E/mV

60
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Sekil 7. Rib-PMM'nin kalibrasyon grafigi (Saf su)
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Modifiye elektrodun farkli pH'larda asetat tamponundaki sinyalleri toplu bir arada gosterildiginde pH'a
kars1 olan duyarlilig: Sekil 8'de gosterilmis ve basamak potansiyellerinin pH'a kars1 olan grafigi ise Sekil
9'da verilmistir.

Sekil 8. Rib-PMM'nin potansiyometrik sinyalleri (Asetat Tamponu, pH=2, 3, 4, 5 ve 6)
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Sekil 9. Potansiyel(mV)/pH grafigi
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Rib-PMM elektrodun saf su ortaminda ribavirin konsantrasyonuna bagli olarak potansiyometrik
tayinlerde 60 mV‘luk potansiyel degisimi meydana getirebildigi ve ribavirine duyarli bir elektrot
yapilabildigi anlagilmigtir. Rib-PMM elektrodun ribavirin varliginda bile potansiyometrik pH sensorii
olarak kullanilabilecegi belirlenmistir. Molekiiler baskilama yapilmamis PMM elektrodun her iki
duyarhliktan da yoksun oldugu belirlenmistir. Rib-PMM elektrodun hem proton konsantrasyonuna hem
de ribavirin konsantrasyonuna duyarli oldugu potansiyometrik yontem ile elde edilen sonuclar
incelendiginde ortaya ¢ikmaktadir.
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Yapilan arastirmada ilag etken maddesi ribavirin ile baskilanmis bir iletken polimer olan poli(Metilen
mavisi)’nin potansiyometrik olarak ribavirinin analiz yonteminde uygulanabilecegi sonucuna
varilmistir.
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Ozet: Son yillarda elektrot yiizeylerinin modifikasyonu elektrokimyada énemli bir arastirma alanidir. Ozellikle
organik ve inorganik maddeleri tespit etmek igin yiizeyi ince bir polimerik tabakayla kaplanmis modifiye
elektrotlar yaygin olarak kullanilmaktadir. Bu amagla ilag etken maddelerinin farkly elektrotlarda elektrokimyasal
davraniglart iizerine bir ¢ok arastirma yapildigi goriiliir. Metronidazol 5-nitroimidazoller grubunda yer alan bir
ilag etken maddesidir. Bu maddeler anaerobik bakteriler ve protozoaryum igin toksik etki gosterir. Metronidazol,
1-(2-hidroksietil)-2-metil-5-nitroimidazol, antimikrobiyal dzellikleriyle on plana ¢ikan sitostatik ila¢lardan
biridir. Trichomonas, vincent’s organizmalari, anaerobik bakteriler, giardiasis ve amoebiasis’e karst etkilidir.
Deneysel ¢alismalar Metrohm marka 757 VA Computrace Model Voltametrik Analiz Cihazi ile yapildi. Calisma
elektrodu olarak camsi karbon elektrot ve modifiye edilmis camsi karbon elektrot, referans ve ikincil (karsit)
elektrot olarak, sirayla Ag/AgCl elektrodu (3 M KClI) ve platin tel kullanildi. pH ol¢iimlerinde Jenway 3040 model
pH metre ile ¢alisildi. Camst karbon elektrodun modifikasyonu siilfanilik asit kullanilarak gerceklestirildi. Her
6l¢iimden dnce ¢ozelti ortamindan 300 saniye inert gaz gegirildi. Calismalarda kare dalga(SWV), diferalsiyel
puls(DPV) ve doniigiimlii voltametri(CV) teknikleri kullanilarak Metronidazol’iin elektrokimyasal davranmislar
incelendi. Metronidazol’iin elektrokimyasal davramglar: asetat tamponu, fosfat tamponu ve Britton-Robinson
tamponu ortamlarinda ¢aligildi. Metronidazol ile yapilacak olan ¢alismanin optimum sartlarim belirlemek igin
verilen bu farkli tampon ¢ozeltilerinde voltametrik teknikler kullanmlarak pik akiminin ve potansiyelinin pH ile
degisimi incelendi . Elde edilen sonuglar isiginda alkim degerindeki yiikseklik ve keskin pik vermesinden dolay:
calisma ortami olarak fosfat tamponu (pH=7) secildi. Metronidazol’iin modifiye edilmis GCE’ de DPV teknigi
kullanilarak fosfat tamponunda (pH=7) farkli konsantrasyonlarda voltamogramlar: alinarak elde edilen veriler
ile kalibrasyon grafigi ¢izildi. Konsantrasyona bagl olarak elde edilen pik akimlarimin dogrusallik gosterdigi
goriildii.

Anahtar Kelimeler: Modifiye Elektrot, Metronidazol, Voltametri, Elektropolimerizasyon

1.GIRIS

Bir ilacin etki alaninin, etki giicliniin, dozunun, kullamim siiresinin, yan etkilerinin, diger ilaclarla
etkilesiminin ve toksik etkilerinin tedavinin basarisi agisindan olduk¢a onemi vardir. lag gelistirme
faaliyetlerinde genel olarak ila¢ formiilasyonundaki etken maddenin fiziksel ve kimyasal o6zellikleri
saflik derecesi, miktari, kararliligi, metabolizmasi, fizyolojik ve biyokimyasal sistemlere etkileri, yan
etkileri ve etkilesimleri vardir. Bu noktada diisiik maliyetli, hassas ve hizli ilag¢ analiz yontemlerine
ihtiyag duyulmaktadir. Iletken bir polimerle modifiye edilmis elektrot yardimiyla ilag etken
maddelerinin elektrokimyasal davranmiginin arastirilmasi biiylik bir avantaj saglamaktadir. Bu nedenle
voltametrik teknikler kullanilarak elektropolimerizasyon yontemiyle modifiye edilmis elektrotlarla bazi

ila¢ etken maddelerinin elektrokimyasal davranislart incelenmistir (Cosnier vd., 2000:83; Demirtas vd.,
2015:1883; Maria vd., 2020:261).
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Son yillarda elektrot yilizeylerinin modifikasyonu elektrokimyada Onemli bir arastirma alamidir.
Ozellikle organik ve inorganik maddeleri tespit etmek igin yiizeyi ince bir polimerik tabakayla
kaplanmis modifiye elektrotlar yaygin olarak kullanilmaktadir (Deinhammer vd., 1994:1306). Fang ve
calisma arkadaslari, 9-aminoakridini cams1 karbon elektrot yiizeyine yerlestirerek poli(9-aminoakridin)
modifiye elektrot hazirlamiglardir (Fang vd., 2007:3864). Jin ve ¢alisma arkadaslar1 poli(p-amino
benzen siilfonik asit) modifiye camsi karbon elektrot ile dopamin ve askorbik asidin es zamanli analizini
yapmislardir. Modifiye elektrot dopamin ve askorbik asidin yiikseltgenmesi i¢in elektrokatalitik aktivite
gosterdigini belirtmiglerdir (Jin vd., 2005:528).

Bu ¢alismada p(ABSA) ile modifiye edilmis GCE ile ila¢ etken maddesi olan Metronidazol’lin farkli
¢ozelti ortamlarinda elektrokimyasal Ozelliklerinin belirlenmesi i¢in farkli voltametrik teknikler
kullanilarak belirlenmesi amag¢lanmigtir.

2.DENEYSEL KISIM

Calismalarda Metrohm marka 757 VA Computrace model voltametrik analiz cihazi kullanilmistir.
Bilgisayar tarafindan kontrol edilen cihazin elektrokimyasal analiz hiicresi {i¢ elektrotlu bir sistem olup
caligma elektrodu olarak GCE ve p(ABSA) ile modifiye edilmis GCE, referans elektrodu olarak
Ag/AgCl elektrodu, yardimei elektrot olarak platin kullanilmistir. Her Ol¢imden oOnce ¢dzelti
ortamindan 300 saniye inert gaz gegirilmistir. Voltametrik teknikler olarak, doniisiimlii voltametri, kare
dalga voltametrisi ve diferansiyel puls voltametrisi kullanilmustir.

Modifikasyon igleminden once camsi karbon elektrodun yiizeyi temizlendi. Bunun igin ilk olarak
elektrodun aliimina siispansiyonu ve 6zel temizleme pedleri (BASi PK-4 polishing kit) kullanilarak
yiizey temizligi yapildi. Ardindan ultra saf sudan gegirilerek yaklasik 30 saniye ultra saf su iceren
ultrasonik banyoda bekletildi.

Elektrodun yiizeyi literatiirde belirtilen yontemler kullanilarak kaplandi. Camsi karbon elektrot 2x1072
M para amino benzen siilfonik asit iceren 0,1 M fosfat tamponunda (pH=7) elektropolimerizasyon
teknigi ile -1,5 V ve +2,5 V potansiyel araliginda 100 mVs™ tarama hizinda 6 déngii alinarak kaplandi.
Kaplama isleminden sonra fosfat tamponunda(pH=7) -1,0 V ve +1,0 V araliginda 3 dongii alinarak
doniistimlii voltametri teknigi ile aktive edildi. Bu islemden sonra etken madde analizi yapildi.

Deney ortami olarak fosfat tamponu, Britton-Robinson tamponu ve asetat tamponu segilmistir. Olgiimler
hem modifiye edilmemis elektrotta hem de modifiye edilmis elektrotta ayn1 kosullarda olacak sekilde
almmustir. Cozelti ortami 10 mL tampon ¢ozelti olacak sekilde olusturulmustur.

3.SONUC VE TARTISMA

Metronidazol ile yapilan ¢alismalar fosfat tamponu, Britton-Robinson tamponu ve asetat tamponu
ortamlarinda yapilmistir. Yiiksek pH degerlerinde voltamogramlarda elde edilen pikler deforme oldugu
ve analitik olarak degerlendirilebilecek ortamlar saglanamadigi icin bu pH degerlerinde ¢aligiimamustir.
Sekil 1’de fosfat tamponu ortaminda modifiye edilmis ve modifiye edilmemis GCE kullanilarak ¢ozelti
ortaminda 10 M metronidazol iceren CV voltamogramlar1 verilmistir. Sekilde goriilecegi iizere tek bir
pik elde edilmistir. Benzer sonuglar asetat ve Britton- Robinson tamponu kullanilan ortamlarda da elde
edilmistir. Voltamogramlar incelendiginde modifiye GCE elektrot kullanilmasi durumunda, pik akim
siddetinin arttig1 ve voltamogramlar analiz edildiginde modifiye elektrodun fosfat tamponu ortaminda
daha iyi sonuglar verdigi gozlenmistir.
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Sekil 1. Metronidazol’iin fosfat tamponunda (pH=7) CV’si (10™* M); a) GCE b) Modifiye edilmis
GCE
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Metronidazol ile yapilan voltametrik ¢alismalarin farkli pH ve tampon ortamlarinda pik akimlariin
degisimleri incelendi. Optimum sartlarmi belirlemek i¢in farkli tampon ¢o6zeltilerde DPV teknigi
kullanilarak elde edilen pik akiminin ve potansiyelinin pH ile degisimi sirasiyla Sekil 2 ve Sekil 3’ de
verilmistir. Elde edilen sonuglara bagimli olarak Sekil 2’de goriildiigii gibi akim degerinde ki ylikseklik
ve voltamogramlarda keskin pik vermesinden dolayi ¢alisma ortami olarak fosfat tamponu (pH=7)
belirlendi.

Sekil 2. 10* M Metronidazol’iin modifiye elektrotta farkh ¢ozeltilerde pik akimina pH’1n etkisi
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Sekil 3. 10 M Metronidazol’iin modifiye elektrotta farkh ¢ozeltilerde pik potansiyeline pH’1n etkisi
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Modifiye GCE kullanilarak fosfat tamponunda farkli konsantrasyonlarda Metronidazol’iin CV
voltamogramlari alindi. Sekil 4 incelendigin de konsantrasyon artisiyla birlikte pik akiminda da dogrusal

bir artis oldugu goriilmektedir.

Sekil 4. Metronidazol’iin fosfat tamponunda (pH=7) doniisiimlii voltamogramu (100mV/s) a) blank b)

10* M ¢) 2x10* M d) 3x10* M
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Metronidazol’iin modifiye edilmis GCE’ de DPV teknigi kullanilarak fosfat tamponunda (pH=7) farkli
konsantrasyonlarda alinan voltamogramlar1 ve elde edilen veriler ile ¢izilen kalibrasyon grafigi sirasiyla
Sekil 5 ve Sekil 6’ da verilmistir. Konsantrasyona bagh olarak elde edilen pik akimlarinin dogrusal
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degisimin oldugu belirlendi.
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Sekil 5. Metronidazoliin fosfat tamponunda (pH=7) DP voltamogrami (100mV/s); a) blank b) 10* M
¢) 2x10* M d) 3x10* M
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Sekil 6. Metronidazol’iin modifiye elektrot kullanilarak 0,1 M pH=7 fosfat tamponunda c-i, grafigi
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Yapilan deneysel caligmalar sonucunda Metronidazol’iin farkli pH ve tampon ortamlarindaki verileri
bir biitiinliik i¢erisinde degerlendirildiginde, normal GCE pik cok kiigiik degere sahip olmas1 modifiye
GCE’ de pik akim siddetinin ¢ok yiiksek olmasi ve elde edilen kalibrasyon egrisinin dogrusal degisimi
kullanilan yontemin analitik uygulamalar i¢in uygun bir yontem oldugunu gostermektedir.
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Jacobsthal, Fibonacci ve Lucas Dizileri Arasindaki iliski ve Matrisler Uzerinde
Uygulamalar
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Ozet: Sayi dizileri ve matrisler, eski zamanlardan beri matematikgilerin ilgi odagi olmustur. Bu calismada
Jacobsthal say dizileri Fibonacci ve Lucas sayi dizileri yardimiyla incelenmistir. Bu ¢alisma, Jacobsthal, Lucas,
Jacobsthal - Lucas ve Fibonacci say dizilerinin iterasyon korelasyonlar: ve Binet formiilleri ile baglamistir. Daha
sonra Jacobsthal sayi dizilerinin agilumlar iizerine ¢esitli uygulamalar yapilmis ve bu uygulamalar sonucunda
Jacobsthal, Lucas ve Fibonacci sayilart arasinda bir iliski kesfedilerek genellestirilmistir. Aym uygulamalar
Jacobsthal-Lucas say: dizileri i¢in de yapild: ve benzer sekilde Jacobsthal - Lucas, Lucas ve Fibonacci sayilart
arasinda bir iligki bulundu. Son olarak, soz konusu sayr dizilerinin tirete¢ matrisleri iizerinde bu iliskilerin
belirtilmesi tizerinde ¢calisiimistir.

Anahtar Kelimeler: Fibonacci, Lucas, Sayt Dizisi, Jacobsthal, Urete¢ Matrisi, Matris.
The Relation of Jacobsthal, Fibonacci and Lucas Number Sequences and Applications On Matrices

Abstract: Number sequences and matrices have been the focus of attention of mathematicians since ancient times.
In this paper, Jacobsthal number sequences were studied with the help of Fibonacci and Lucas number sequences.
This study started with the iteration correlations and Binet formulas of Jacobsthal, Lucas, Jacobsthal - Lucas and
Fibonacci number sequences. Then, various applications were made on the expansions of Jacobsthal number
sequences, and as a result of these applications, a relationship between Jacobsthal, Lucas and Fibonacci numbers
was discovered and generalized. The same applications were made for the Jacobsthal - Lucas number sequences,
and similarly, a relationship was found between the JacobsthalLlucas, Lucas, and Fibonacci numbers. Finally, it
was worked on specifying these relationships on the generator matrices of the mentioned number sequences.

Keywords: Fibonacci, Lucas, Number Sequence, Jacobsthal, Generator Matrice, Matrice.

1. INTRODUCTION
1.1 Fibonacci and Lucas Number Sequences

Definition 1.1.1 {F, };—, is Fibonacci number sequence with F,,,, = E, + F,_, recurrence relation for

Binet formula for Fibonacci sequence is

ot — pr
n — (X—ﬂ
for
1++5 1-+5
=7 P

SO
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can be seen easily. « is golden ratio.

— n
g(x) Z nX —x—x2

n=1

Genetating function is

and the Simpson formula is defined with
Fop1Fno1 — Ef = (=™

n
E n+2

Then the partial summ is

(Koshy, 2001:70).

Definition 1.1.2 {L,};—, is Lucas number sequence with L,,, = L, + L,,_; recurrence relation for

Ly=2and L, = 1.
Binet formula for Lucas sequence is

Ly=a™+p"
for

_1++5 1-+/5
2 r B= 2

So

- 2x% +x
0= 3 BT
n=1

1—x—x2

is the generating function for Lucas sequence and the Simpson formula is

Lpy1ln-1— L%l =5(-D"
then the partial summ is defined with
Y L=l
n=1
(Koshy, 2001:70).

1.2 Jacobsthal and Jacobsthal Lucas Numbes Sequences

Definition 1.2.1 {J,,};—, is Jacobsthal number sequence with J,,,, = J,, + 2/, recurrence relation for

Binet formula for Jacobsthal sequence is
xp+xy 2" —(-D"
]n = =

X1 +x; 3

for x;, x, which are the roots of
x2—x—-2=0.
So
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(")‘Z]"x x—2x2

is the generating function for Jacobsthal sequence (Horadam, 1996:40).

Definition 1.2.2 {j,}a-, is Jacobsthal Lucas number sequence with j,,1 = j, + 2j,_1 recurrence
relation for J, = 2and j; = 1. |113

Binet formula for Jacobsthal Lucas sequence is
Jn=x1 +x5 =2"+ (="
for x;, x, which are the roots of

x> =—x—-2=0.

- X
(x)_z]kx x—2x2

is the generating function for Jacobsthal Lucas sequence (Horadam, 1996:40).

So

2. RELATIONS OF JACOBSTHAL, JACOBSTHAL LUCAS, FIBONACCI AND LUCAS
SEQUENCES

There are the elements of this number sequences:
Table 2.1 The Elemens of the Sequences

n 0 1 2 3 4 5 6 7

E, 0 1 1 2 3 5 8 13

I 2 1 3 4 7 11 18 29

Jn 0 1 1 3 5 11 21 43

Jn 2 1 5 7 17 31 65 126
Then;

Jnv1r =In+ 2/na
= Un-1t2n-2) + 2Jny
=3/n-1+2/n-
=0/ + 3/n-1+ 2/
(= FoJn + LoJn-1 + 2F,Jn-3)

equality is reached. As noted above in parentheses, the coefficients of the terms on the right side of this
equation could be written as terms of the Fibonacci and Lucas number sequences. The next step to be
taken is; Writing the Lucas number multiplier term on the right side of the equation as the sum of two
terms, so that the multiplier of one of these two terms is the Fibonacci number after the Fibonacci number
multiplier of the previous term:

=0n+Jno1 + 21+ 2/n

and when the other of these two terms is opened according to the Jacobsthal number sequence and the
equation is arranged

=0/p+/no1+20n2+2n3)+ 2/
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=0/n+ Yp-1 +4n—2+ 4/n-3
(= FoJn + Fin-1 + L3Jn—2 + 2F3)53)
is found. If the above process pattern is repeated and applied on the equality;
= 0/n + Un-1 + Un—2 + 3Un-3 + 2/n-a) + 403
=0+ Yn-1 +Un2+7/n-3+6/n4
(= FoJn + FiJn-1 + FoJn-2 + LaJn—3 + 2FyJn-4)
=0/n+ Un-1+ Unz+2/n-3+5Un-s+ 2/n_s) +6/n4
=0+ Un-1 +Un—2+2/p3+ 114 + 10/
(= FoJn + FiJn-1 + FoJn—2 4 F3Jn-3 + LsJn—4 + 2F5/—5)
=0/n+Yn1+1n2+2/n-3+3/n-4+80Un-s+2/n-6)+10/_5
=0+ Un1+ U2+ 2/n3+3/n-s+18/ 5+ 16/,
(= FoJn + Fin-1 + FoJn—2 + F3Jn-3 + FaJu—s + LeJn—s + 2F¢/n—s)
=0+ YUn1+Un2+2/n3+3ns+5nhs+13Uns6+2n7) +16/n
=0/n+YUn1+UYn2+2n3+3/n-s+5n-s+29-6+26/n
(=FoJn + Fin-1 + FoJn2+ F3Jn-3 + FaJu—s + FsJus + L7Jn—6 + 2F;]n—7)
=0+ YUna+Unz+2/n3+3ns+5nhs+8he+21Uny+2/ns) +26/p7
=0n+Un-1+Un2+2/n3+3n-a+5n-s5+8n6+47n7+42)p g
(= FoJn + Fin-1+ FoJn—2 + F3Jn-3 + FiJu—s + FsJn—s + FeJu—6 + LeJn—7 + 2Fg)n—s)

format, which is a relationship between three sequences of numbers
k-2
Jusr = ) Finctsz + Lidnoies + 2Fincs) (1)
i=0
is achieved.

Also the equation to be obtained by applying the same operations to the terms of the Jacobsthall Lucas,
Lucas and Fibonacci number sequences is

k-2
e = ) Fijnctv + Lijnoicss + 2Fijni) @

=0

3. GENERATING MATRICES OF JACOBSTHAL, JACOBSTHAL LUCAS, FIBONACCI AND
LUCAS SEQUENCES

Theorem 3.1 2x2 sized F matrice is generating matrice for Jacobsthal sequence that
M1 21_[- 2/1]
F= 1 0] B [/1 2]
and
on [/n+1 2 ]
Jn o 2n-a

(Uygun, 2013:29). Similarly, 2x2 sized E matrice is generating matrice for Jacobsthal Lucas sequence
that
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_[5 21_ [~ 2]1]
E=1 4]‘[11 2jo
and
3n-1 [jn+1 2n ] nis odd
En — jTl 2jn—1 ’
PEEETAN L nis even

(Koken & Bozkurt, 2008:1629).
Theorem 3.2 2x2 sized Q matrice is generating matrice for Fibonacci sequence that
_[r 11_J[F F1]
Q= 1 0] B [F1 Fo
and

o" = [F Fy
Fy Fn-1

(Kumar & Sahani, 2024:71). Similarly, 2x2 sized C matrice is generating matrice for Lucas sequence

that
_1B 1_J[G C1]

B= [1 2] - [C1 Co
and

n—1

52 [L"+1 Ln , nisodd

Cn - Ln L‘Il—l
nrF, E
52 [ n+l n, nis even
B, Fua

(Koken & Bozkurt, 2010:471).

4. AN APPLICATION WITH THE GENERATING MATRICES OF JACOBSTHAL,
JACOBSTHAL LUCAS, FIBONACCI AND LUCAS SEQUENCES

The equality (1) can be used in n’th powers of generating matrice of Jacobsthal sequence. So
pr=fon 2]

[ Je 2ot
rk—2 k-2 'l
> Eihnoisz + Lidness + 2Fcdnid) 2 ) Filncinn + Lidnoi + 2Fin i) |
_li=0 i=0 |
= |k-2 k-2 |

D Bt + Lo+ 2Fedncie) 2 ) (P + Linoion + 2Fidni2)|
-i=0 i=0

T
N

FiJn-i+v2 + LiJn—k+1 + 2FiJn-k  2(FiJn-i+1 + LiJn-x + 2Fk]n—k—1)]
FiJn-i+1 + LiJn—k + 2FiJn—k-1  2(FiJn-i + LiJn-k-1 + 2FiJn—k-2)

X =
| 1l
N ©

I
g

FiJn—i+2 2Fi]n—i+1]+ LiJn-k+1  2LiJn—k ]+[ 2FJn—k 4Fk]n—k—1]}
FiJn—iv1  2FiJn-i LiJo-k  2LiJn-k-1 2FJn—k-1 4AFiJn—k-2

X =
| 1]
N ©

]n—i+2 2]n—i+1] ]n—k+1 2]n—k ] ]n—k 2]n—k—1]}
F; +L + 2F
' n—i+1 2i]n—i k ]n—k 2]n—k—l k n—-k-1 2]n—k—2

.~
Il
=]
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k-2
— Z{FiFn—i+1 + Lan—k + ZFan_k+1}
i=0

is found. Equality (2) can be used with the same way on the generating matrice of Jacobsthal Lucas
sequence. So

k

~ 1116
3n-1 Z{FiEn—Hl + L E"K 4 2R ENTRR) s odd

—

-2

_ i
E™ = K
3071 {FFY U 4 L FP ok 4 2R FFY 0 niis even

i=

f___A__‘\

o

is achieved.
5. CONCLUSION AND DISCUSSION

At the end of this study, one of the relationships between the Fibonacci, Lucas and Jacobsthal (also
Jacobsthal Lucas) number sequences was seen. In future studies, it can be investigated whether the
generalized versions of these number sequences have a similar relationship. Similar to the findings of
this study, different results can be found with different sequences of numbers. Considering the
importance of number sequences for science and their effectiveness in applications, every finding
obtained is intriguing.
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Arastirmaci Samed Cahk', Dr. Ogretim Uyesi Mehmet Ali Ergiin'
Y{stanbul Teknik Universitesi

*Corresponding author: Samed Calik

Ozet: Bu calismanmin amaci, telekomiinikasyon merkezi sebekelerinde ses ve multimedya servislerinin yonetildigi
IMS (IP Multimedia Subsystem) altyapisinda meydana gelen anomalileri, tekrarlayan sinir agi (RNN)
modellerinden biri olan LSTM modelini kullanarak tespit ve tahmin etmek ve bu yontemi bazi denetimsiz 6grenme
teknikleriyle karsilagtirmaktir. IMS altyapisi, 4G ve 5G sebekelerinde ses ve diger multimedya hizmetlerini
(goriintiilti arama, SMS gibi) saglayan teknolojinin adidir. Bu agda meydana gelebilecek anomaliler aboneleri
onemli 6l¢iide etkileyerek kritik hizmet kesintilerine ve yogun sikayetlere neden olabilir. Anomalilerin erken tespiti,
etkileri biiytimeden onlem almak i¢in kritik 6nem tasimaktadir. Zaman serisi olarak takip ettigimiz sayaglar ve
anahtar performans gostergeleri (KPI) ile olusan verilerin anomali tespitinde kullanildigi durumda LSTM model
on plana ¢ikmaktadir. Bunun yani sira anomalilerin seyrek goriilmesi, modelin mevcut verilerle egitilmesini
zorlastiracagindan, alternatif olarak denetimsiz 6grenme tekniklerinin kullanmimast da uygun gériinmektedir. Bu
baglamda amag, oncelikle LSTM modeli ile anomalileri tespit ve tahmin etmek, ardindan modelin basarisini
Graph-Based, LOF ve DBSCAN gibi denetimsiz 6grenme teknikleri ile karsilagtirmaktir.

Anahtar Kelimeler: Anomali Tespiti, IMS, LSTM, Graph-Based, DBSCAN, LOF

Anomaly Detection and Prediction in Core Networks With the Lstm Model and Comparing Various
Unsupervised Learning Methods

Abstract: The aim of this study is to detect and predict anomalies occurring in the IMS (IP Multimedia Subsystem)
infrastructure, where the voice network is managed in the core networks of telecommunication services, using the
LSTM model, one of the recurrent neural network (RNN) models, and to compare this method with some
unsupervised learning techniques. IMS is the name of the technology that provides voice and other multimedia
services (such as video calling, SMS) in 4G and 5G networks. Anomalies in this network can significantly affect
subscribers, causing critical service interruptions and massive complaints. Early detection of anomalies is critical
to take action before their impact grows. The LSTM model comes to the forefront when the data generated by the
counters and key performance indicators (KPIs) that we track as time series are used for anomaly detection. In
addition, since the infrequent occurrence of anomalies makes it difficult to train the model with the available data,
it seems appropriate to use unsupervised learning techniques as an alternative. In this context, the aim is to first
detect and predict anomalies with the LSTM model, and then compare the success of the model with unsupervised
learning techniques such as Graph-Based, LOF and DBSCAN.

Keywords: Anomaly Detection, IMS, LSTM, Graph-Based, DBSCAN, LOF

1 INTRODUCTION

In today's telecommunications organisations, ensuring network reliability and performance is critical to
maintaining communications services and providing a seamless experience for subscribers.
Developments in mobile technologies are bringing exceptional new services to subscribers. At the same
time, they are creating complex networks for network administrators. Every new generation brings new
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function to manage (Figure 1). And also with network virtualisation, conteanirasation and microservice
architecture, these administrators need to manage hundreds or thousands of virtual machines and

services.
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Figure 1. Mobile Core Network Functions

IMS (IP Multimedia Subsystem) is a key technology in 4G and 5G networks, enabling voice and other
multimedia services such as video calling and rich communication services (RCS). The delivery of
critical services such as VoL TE (Voice Over LTE) makes this network technology extremely important.
A leak in this part of the network can cause critical service interruptions, negatively impacting
subscribers and causing widespread complaints. Early detection of the anomalies that cause these
network leaks is critical for proactive maintenance and minimising service interruptions.

Network anomaly detection goals to detect data patterns that do not match the expected normal
behaviour on the network. Traditional threshold-based or rule-based anomaly detection is insufficient
due to the diverse and dynamic behaviour of networks. There is a need for advanced machine learning
(ML)-based technigues to improve reliability.

There are three types of ML techniques, including supervised, semi-supervised and unsupervised. The
concept of supervised learning is to train the detection model using labelled data for normal and
anomalous events. Few anomalies occur in core networks, so finding labelled data to train the model is
almost impossible. For this reason, supervised learning cannot be of much use. Two options remain:
semi-supervised and unsupervised.

Semi-supervised learning uses normal data to train model and to learn the normal pattern of network
events. Then, the data containing both normal and abnormal events is tested using the trained model. In
this study, we used the Long Short-Term Memory (LSTM) model to detect anomalies. It is a type of
Recurrent Neural Networks (RNN) model and highly recommended for time series data.

Unlike the other two methods, unsupervised learning does not require labelled data for training. Most
unsupervised methods aim to organise the data into separate clusters. This is done by grouping the data
based on similarities within each cluster (Elsayed, at al., 2020). The main challenge with this type of
method is that it always requires expertise to interpret and label the classes, and the performance of these
methods is highly dependent on the metrics. In this study, we also used some unsupervised learning
methods to compare the success of the LSTM model on some performance metrics.

2 LITERATURE REVIEW

As mentioned above, there are many different techniques that can be used to detect network anomalies.
Some of them are traditional techniques and not suitable for today's technology. For example, Akbar
(2008) studied anomaly detection in IMS. They use adaptive threshold, cumulative sum and Hellinger
distance algorithms for SIP flooding attacks. This work is so valuable, but today the algorithms seem
old-fashioned and could not detect all anomalies. Moreover, security attacks are not the only concern in
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IMS. Most of the time, the reason for a network leakage can be an application bug or a hardware
problem.

Elsayed (2020) also studied security attacks leading to network anomalies. The good thing in this study
is to use LSTM model and it seems to perform well. The study shows that hybrid model with OCSVM
provide better performance than separate OCSVM model. In our work, we differ, some other
unsupervised learning models (etc, DBSCAN, LOF) are given more realistic results when compared
with OCSVM.

In very recent studies, Gopikrishnan (2023) and Vinh (2024) use LSTM model with good reasons for
5G core network anomaly detection. | have inspired them to use this model for IMS. The other difference
between us is that they use CPU memory values and error codes in their work, while | use some voice
call KPIs like call attempt and simultaneous call session.

3 MATERIAL AND METHODS
3.1 Dataset

A time series dataset is used in this study. The dataset contains busy hour call attempt (BHCA) values
for different network elements in the interval of 5 minutes. The dataset used in the study has the
following characteristics (Figure 2). A different dataset was also used for training at LSTM.

Dataset Info

1 1.8 MB 26 k 13
CSV FILES TOTAL SIZE ROWS FEATURES

In parallel with this study, various other datasets are used to support the thesis (CPU memory, SCC,
BHCA usage values, various timelines, etc.). However, these datasets and works are outside the scope
of this declaration.

3.2 Methods
3.2.1 Long Short-Term Memory (LSTM)

LSTM is a powerful technique for learning long-term dependencies and representing the relationship
between current events and past events (Nguyen, at al., 2020). It exploits sequential dependencies in
time series data. It then predicts future values and calculates an error threshold. Anomalies are detected
when the reconstruction error exceeds the threshold. LSTM consists of three gates: forget gate, input
gate and output gate. It uses a sigmoid activation function (o) to filter the data. The model used in the
study is presented below:

Model: "sequential”

Layer (type) Output Shape Param #
Istm (LSTM) ( , 18, 64 16,896
dropout (Dropout) { » 18, 64 8
Istm 1 (LSTM) ( , 32) 12,416
dropout_1 (Dropout) { , 32} 8
dense (Dense) { ,» 1) 33

Figure 2. LSTM Model
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3.2.2 Unsupervised Learning Methods

Some unsupervised learning methods and a short description of them are given below. They were used
in this study for comparison with the LSTM model.

e DBSCAN (Density-Based Spatial Clustering of Applications with Noise): This is a density-

based clustering approach for anomaly detection.
| 120

e LOF (Local Outlier Factor): It identifies anomalies using local density variations.
e Graph-Based Anomaly Detection: It detects communities to identify network anomalies.
4 EVALUATION AND RESULTS

The performance of the models is evaluated in two ways. The first one is using some metrics including
precision, recall, F1 score and accuracy. The second one is practical results.

The mathematical representation of these metrics are calculated according to the confusion matrix as
follows:

Precision = L , Recall = L
(TP+FP) (TP+FN)
S = 2><Pre.ci.sion><Recall ’ Accuracy _ TP+TN
Precision+Recall (TP+TN+FP+FN)
The results have been received on the study:
Model Comparison:
Model Precision Recall F1 Accuracy
LSTH B.76 a.93 @.583 1.6a
Eraph B.58 a8.79 a.67 1.8a
DBSCAN @.7o0 a.90 Q.54 1.6a
LOF 8.85 a8.33 2.52 1.8a

Table 1. Model Comparision with Metrics

According to these results, the LSTM model is powerful and provides good results for network anomaly
detection. On the other hand, some unsupervised learning methods, especially DBSCAN, seem to be as
powerful as the LSTM model.

In practical terms, if all results are carefully examined, LSTM models can find more complex patterns
and anomalies. And show at least one anomaly for an anomaly time slot. Practically, using the LSTM
model seems to give more confidence when operating a network.

The table below shows the advantages and disadvantages of the models when compared across all
aspects.

Model Comparision Advantage Disadvantage

LSTM Learns complex temporal patterns well Requires training.
Learns long-term dependencies in time-series data  Computationally expensive

Graph-Based Detects structural anomalies Performance depends on metric choice
Reveal relationships between anomalies Computationally expensive
DBSCAN Works well for detecting anomalies in clustering- Sensitive to hyperparameters
based data.
LOF Easy to implement and run Performance depends on the number of neighbors
Z-Score, IF Good for basic anomalies Bad at complex anomalies and extreme values
Easy to implement and run Not much suitable for time series data

Table 2. Model Comparision with Adv.&Disadv.
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S CONCLUSION

As a result, both semi-supervised and unsupervised learning methods can be used for network anomaly
detection. Although it requires training and is computationally expensive, the LSTM model seems to
give better results when we compare unsupervised learning methods, especially for complex patterns.
Some of the unsupervised models (DBSCAN, Graph-based, LOF) performed well on complex
anomalies but required fine tuning. Some of them (Z-score, IF) performed well only on simple
anomalies. They are not good for complex anomalies.

As a feature work, hybrid models can be tried by combining deep learning and clustering techniques.
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Ozet: Otomotiv sektorii, gerek tiiketicileri gerek iklimi etkileyen kritik zorluklar: ele almak amaciyla énemli bir
doniisiim icindedir. Bu doniigiimiin en zorlu gorevlerinden biri, enerji tiiketimini en aza indirmek icin arag
agirligim azaltmaktir. Arag agirliginda %10'luk bir azalma, enerji tiiketiminde %06 ila %8 arasinda bir diisiis
saglayacag ongoriilmektedir. Bu anlamda mukavemet/agirlik orani daha yiiksek olan kompozit malzemeler en iyi
seceneklerden biridir. Otomotiv sektériinde kompozit malzemelerin kullanimi, elektrikli arag¢larin agirligin
azaltmamn yani sira aerodinamik ozelliklerini de etkilemektedir. Bu sayede yakit tiiketimi azalirken zararlh
emisyonlar ve partikiil madde miktar: da diisiiriilebiliv. Son on yilda, otomotiv kuruluslar: ve arastirmacilar
tarafindan bu tiir teknolojiler iizerine bircok ¢alisma yapilmistir. Ozellikle cam ve karbon fiber esash fiber
takviyeli polimerler, yiiksek performanslar: ve diisiik agirliklar: nedeniyle otomotiv sektériiniin dikkatini ¢ekmistir.
Bu calismada, karbon fiber takviyeli polimer matrisli kompozitlerin elektrikli araclar ve otomobillerdeki
uygulamalart detayl literatiir verileriyle ele alinmugtir.

Anahtar Kelimeler: Polimer matrisli kompozitler, Elektrikli araglar, Uygulama alanlari, Otomativ sanayi

Carbon Fibre Reinforced Polymer Matrix Composite Material Applications for Electric Vehicles and
Automotive Industry

Abstract: The automotive industry is transforming significantly to address critical challenges affecting consumers
and the climate. One of the most challenging tasks of this transformation is to reduce vehicle weight to minimize
energy consumption. An estimated ten percent reduction in vehicle weight will lead to a six to eight percent
reduction in energy consumption. In this sense, composite materials with a higher strength-to-weight ratio are
among the best options. The use of composite materials in the automotive sector affects the aerodynamic properties
of electric vehicles and reduces their weight. This way, fuel consumption, emissions, and particulate matter can
be reduced. In the last decade, automotive organizations and academic researchers have conducted many studies
on such technologies. Glass and carbon fiber based fiber reinforced polymers have attracted the attention of the
automotive industry mainly due to their high performance and low weight. This study discusses carbon fibre
reinforced polymer matrix composites' applications in electric vehicles and automobiles with detailed literature
data.

Keywords: Polimer Matrix Composites, Electric Vehicles, Application Areas, Automotive Industry

1. Giris

Kompozit malzemeler, fiziksel ve kimyasal ozellikleri farkli olan iki veya daha fazla bilesen
malzemenin bir araya getirilmesiyle elde edilen malzemelerdir. Bu bilesenler genellikle metal, seramik
veya polimerik yapilar olup, temel malzeme olarak islev gérmektedir. Kompozit malzemeler,
gelistirilmis mekanik O6zelliklere sahip {iriinler olarak tanmimlanmaktadir ve genellikle birden fazla
malzemenin birlesimiyle elde edilmektedir (Kumar ve ark., 2013). Bu kombinasyon, kompozitlerin tek
tek bilesenlerinden daha tistiin 6zelliklere sahip olmasina olanak tanimaktadir. Kompozitler, cogunlukla
geleneksel malzemelerle kiyaslandiginda daha yiiksek 6zgiill mukavemete, daha diisiikk agirhiga ve
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korozyona karsi daha yiiksek direng gibi iistiin o6zellikler sunacak sekilde tasarlanmaktadir. Bu
malzemelerin yiiksek mukavemeti, yiiksek yorulma direnci, gelismis fiziksel 6zellikler, azaltilmus kiitle
ve Ustlin ylizey hassasiyeti gibi avantajlar1 bulunmaktadir.

Otomotiv endiistrisinde, kompozit malzemeler genellikle geleneksel metallerden daha hafif olmalariyla
dikkat ¢ekmektedir. Ozellikle karbon fiber takviyeli polimer esasli kompozit malzemeler, otomotiv,
havacilik, savunma sanayi ve spor Uriinleri gibi c¢esitli alanlarda en yiiksek performansa sahip
kompozitler arasinda yer almaktadir (Singh ve ark., 2021). Geleneksel otomobillerde, metaller
genellikle aracin temel yapisini olustururken, bazi i¢ bilesenler kompozit malzemelerden imal
edilmektedir. Ancak son yillarda, karbon fiber takviyeli kompozitler, maliyetleri yiiksek olmasina
ragmen, araclarin agirh@ini azaltmak amaciyla geleneksel metallerin yerine kullanilabilen en uygun
malzeme olarak kabul edilmektedir (Abdallah ve ark., 2013; Bajpai ve ark., 2014).

Karbon fiber, ¢ogunlukla karbon atomlarindan olusur ve yaklasik 5 ila 10 mm ¢apindadir. Karbon fiberin
baslica avantajlar1 arasinda yiiksek ¢ekme dayanimi, diisiik agirlik, yiiksek sertlik, yiiksek kimyasal
direng, diisiik termal genlesme ve yiiksek sicaklik toleransi bulunmaktadir. Bu &zellikleri sayesinde
karbon fiber, ingaat miihendisligi, havacilik, motor sporlari, savunma sanayii ve cesitli spor
ekipmanlarinda yaygin olarak kullanilmaktadir. Ancak, karbon fiber plastik fiber veya cam fiber gibi
diger liflere kiyasla nispeten daha pahalidir. Ayn1 zamanda, karbon fiberler "grafit lifler" olarak da
bilinmektedir (Fuchs ve ark., 2008).

Kompozit malzemelerin mekanik 6zellikleri, mikroyapisi ve yiizey morfolojisi, aliiminyum alagimlarina
kiyasla daha fazla iyilestirilebilir (Miracle, 2005). Genel olarak, otomotiv sektoriindeki uygulamalar i¢in
kompozit malzemeler istisnai bir segenek olarak degerlendirilmektedir (Divagar ve ark., 2016).
Elektrikli araglarda, ¢elik ve dokme demir gibi malzemeler genellikle aracin toplam agirliginin yaklagik
yarisini olustururken, aliiminyum alagimlar1 toplamin yaklasik % 9'unu, plastikler % 11'ini ve kauguk
malzemeler ise % 3'linil olugturmaktadir (Ahmad ve ark., 2020). Bugiin, endiistriler yenilenebilir
kaynaklarin kullanimina ve g¢evre dostu, geri doniistiiriilebilir ve daha az zararh kiiresel etkisi olan
malzemelerin kullanimina odaklanmaktadir (Fantuzzi ve ark., 2021). Emisyonlarin ve yakit tiiketiminin
azaltilmasi, otomotiv sektoriiniin karsilastigi baslica zorluklardan bazilaridir.

1.1. Elektrikli Araclar

Fosil yakitlara dayali enerji iiretimi, ¢evreye biiyiik miktarda sera gazi salinimina yol agmakta, bu da
cevresel etkileri azaltma amaciyla elektrikli araglara olan talebin giderek arttifi bir durumu
tetiklemektedir. Bu talep, enerji tiikketimindeki artisla paralel olarak siirekli bir yiikselis gostermektedir.
Yiksek yakit fiyatlar1 ve cevresel kaygilar, tiiketicileri elektrikli araclara yonlendiren baslica
faktorlerdir. Bu durum, kiiresel ¢apta elektrikli ara¢ kullanimina olan talebin artmasina yol agmaktadir.
Elektrikli araglar, hibrit sarj imkani sunan lityum-iyon bataryalarla ¢aligmalari ve daha diisiik agirliklara
sahip olmalar1 nedeniyle fosil yakitli araglara kars stirdiiriilebilir bir alternatif olusturmaktadir.

Bir¢ok arag¢ kiralama sirketi, icten yanmali motorlu araglar1 elektrikli araclarla degistirme yoniinde
adimlar atmaktadir. Enerji verimliligi sorunlarina ¢6ziim saglamak amaciyla yapilan arastirmalarda,
ara¢ bilesenlerinin degistirilmesi Onerilmektedir. Bu degisiklikler, alternatif hafif malzemelerin
kullanimiyla aracin agirliginin azaltilmasim1 ve dolayisiyla yakit ekonomisinin iyilestirilmesini
hedeflemektedir (White, 2013; Frost ve Sullivan, 2009; Jasinski ve ark., 2015; Ghassemieh, 2011). Arag
agirligindaki her 10 kg'lik azalma, 1 g/km'lik bir karbon emisyonu diisiisii ve bunun sonucunda yakit
tilketiminde bir azalma saglamaktadir. Bu nedenle, hafifletme stratejileri, yakit talebini azaltmak ve
emisyonlar1 diisiirmek amaciyla etkin bir yaklasim olarak kabul edilmektedir. Hafifletme, aracin
boyutunu koruyarak, tiiketici ihtiyaclarim giivence altina alirken, bilesenlerin yeniden tasarim ve
malzeme ikamesi yoluyla aracin kiitlesinin azaltilmasini hedeflemektedir (Volkswagen, 2008;
Mercedes-Benz, 2022; Finkbeiner ve Hoffmann, 2006; Delogu ve ark., 2015). Bu, elektrikli araclar ile
hafif tasarimin bir arada kullanilarak g¢evresel etkilerin azaltilmasindaki potansiyeli yansitmaktadir.
Ayrica, hafif malzemelerin kullaniminin maliyet agisindan faydali olabilecegi 6ngoriilmektedir, ¢iinkii
kiitle azaltimi ile performans artiglar1 saglanabilir; 6rnegin, siiriis mesafesi artirilabilmekte ve batarya
boyutu kiigiiltiilebilmektedir (Del Pero ve ark., 2017; Bein ve ark., 2016).

Bu nedenle, kompozit malzemeler, gelistirilmis mekanik 6zellikleri sayesinde hafif bilesenlerin tiretimi
icin potansiyel malzeme olarak secilmektedir. Ara¢ agirligini azaltma ve tiretim maliyetlerini diislirme
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yoniindeki ¢abalar stirekli olarak ilerlemektedir. Bu ¢abalar, karbon fiber gibi hafif malzemelerin tiretimi
icin sitirekli fiber takviyeli polimer matrisli kompozit (CFRP) gibi malzemelerin kullanimiyla
desteklenmektedir. Karbon fiber bilesenleri, geleneksel malzemelere kiyasla daha yiiksek mukavemet,
diisiik agirlik, titresime karsi istiin direng, daha yiiksek sertlik ve artan yorulma ile korozyon direnci
gibi 6nemli avantajlar sunmaktadir (Bhatt ve Goe., 2022).

Son birkag y1l iginde, Cin, karbon elyaf ve kompozit malzemeler {izerine yapilan aragtirmalarini 6nemli
Olgtide artirmistir (Wazeer ve ark., 2023). Ancak, otomotiv sektoriinde bu malzemelerin kullanimi, hala
havacilik ve uzay sektorlerinin gerisinde kalmaktadir. Genel olarak, bu alandaki ¢aligmalar smirli sayida
olup, elektrikli araglara yonelik artan talebi karsilamak amaciyla daha fazla gelismeye ihtiyag
duyulmaktadir (Egede, 2017). Elektrikli araglar ve otomobil sektoriiyle ilgili istatistikler incelendiginde,
2020 yilinda uluslararasi binek elektrikli ara¢ pazarinin yaklasik 120,81 milyar ABD dolar1 degerinde
oldugu tahmin edilmektedir. 2021-2028 doneminde bu pazarin yillik yaklagik %32,5’lik bir bilesik
bliylime oraniyla genislemesi beklenmektedir. Ancak, COVID-19'un etkisiyle 2020'nin ilk yarisinda
kiiresel binek otomobil satiglarinda 6nemli bir diislis yasanmug olup, sektor, karantina 6nlemlerinin
ardindan toparlanmaya baslamistir. Bununla birlikte, 2020 y1l1 itibariyla pazar, 2019’a kiyasla yaklagik
%40 artarak yaklasik 3,0 milyon adede ulasmis ve 6nemli bir biiyiime kaydetmistir. Cin, 2020 yilinda
diinya capinda elektrikli otomobil satiglarinin yaklasik %30'unu gergeklestirmistir. Ayrica, miisteri
talebindeki 6ngoriilebilir artis ve biiyliyen kamu elektrikli arag sarj aglarmin destegiyle sektoriin hizla
ivme kazanmasi beklenmektedir.

Bataryali elektrikli araglar, 2020°de gelirlerin %60’indan fazlasini olusturarak en biiyiik pazar payina
sahip olmus ve bu liderligini 6ngoriilen donemde de siirdiirecegi tahmin edilmektedir. ABD’de 2021
itibartyla 15'ten fazla farkli bataryal elektrikli ara¢ modeli sunulmaktadir. S6z konusu araglarin menzil
kaygisi nedeniyle plug-in hibrit elektrikli araglara (PHEV'ler) gore daha hizli biiyiimesi beklenmektedir.
Bataryali elektrikli ara¢ segmentinde, Tesla Model S gibi genis bir ¢esitlilik sunan araglar yayginken,
kilometre basina daha diisiik maliyetle 6ne ¢ikan Model 3 en verimli segenek olarak one ¢ikmaktadir.
2020 yilinda bataryali elektrikli ara¢ (BEV) segmentindeki satiglarin %70'inden fazlasini gerceklestiren
Tesla, sektordeki liderligini korumaktadir. PHEV sektorii ise ongorillen donemde gelirde %32'min
iizerinde maksimum biiyliimeyi hedeflemektedir. Bu ilerleme, hiikiimetlerin elektrikli ara¢ kullanimini
tesvik etme c¢abalariyla dogrudan iliskilidir. PHEV'ler, batarya ile elektrik motoruna gii¢ saglarken,
alternatif yakit ile icten yanmali motorlar1 c¢aligtirarak enerji iiretmektedir. Volkswagen Grup gibi
firmalar, plug-in elektrikli araglarin satiglarini artirmak amaciyla gaba gostermektedir. Ocak 2020°de
sirket, 2018 yilina kiyasla plug-in elektrikli otomobil satislarmmda %60’lik bir artis yasandigim
aciklamistir (Kim ve Wallington, 2013).

2. Elektrikli araclar ve otomobiller icin karbon fiber takviyeli polimer kompozitler

Polimerlerin gelistirilmesi siirecinde, takviye malzemeleri ikinci en 6nemli bilesen konumuna gelmistir
(Thongsoon ve ark., 2021). Matris malzemesinin boyutsal kararlilik, mekanik 6zellikler ve termal direng
gibi performanslarimi artirmak amaciyla gesitli takviyeler iizerine arastirmalar yapilmistir (Zhu ve ark.,
2021). Genel olarak, takviye malzemeleri pul, partikiil ve fiber formunda bulunur. Polimer matrisli
kompozitlerde kullanilan gesitli fiberler arasinda karbon fiber en umut verici olarak kabul edilmektedir.
Fiber takviyeli polimer matrisli (FRP) kompozit, fiberler ve matristen olusan bir diger kompozit tiiriidiir
(Clyne ve Hull, 2019). Yiiksek mukavemetli ve rijit fiberlerin, hafif matrisle birlesimi, yiiksek kirilma
tokluguna sahip yeni bir kompozit malzeme ortaya ¢ikarmaktadir. Kompozitler, mithendislik sektoriinde
otomobil, ucak, bina insaat1 ve denizcilik gibi yiik tagiyan yapilar i¢in yaygin olarak kullanilmaktadir.

Otomotiv ve demiryolu sektorleri agisindan, kompozitler, ara¢ gdvdelerinin iiretiminde dncelikli tercih
olarak goriilmektedir. Bu sayede aracglarin karmasik profilleri kolaylikla iiretilebilmektedir.
Japonya'daki Ulusal Kompozitler Merkezi'nde (NCC), kompozitler {izerine yiiriitilen bir proje
kapsaminda, aliiminyum alagimlarindan iiretilen bir aracin sasisinin tiim bilesenlerini degistirmek i¢in
CFRP (karbon fiber takviyeli polimer) kompozit teknolojisi kullanilmaktadir (Ward ve ark., 2011).
Kompozitler ¢arpigma yonetim yapilari (Thornton ve Jeryan, 1988), kompozit ray ¢erceveleri (Mamalis
ve ark., 1997) ve siispansiyon mekanizmalar1 (Yu ve Kim, 1988) gibi daha fazla dayanim gerektiren
hassas bolgelerde de uygulanmaktadir. Aslinda, kompozitler, ara¢ gévde yapilari, tavan yapilar1 ve
tamponlar gibi ¢esitli metal bilesenler igin kritik bir avantaj saglayan alternatif olabilir (Adam, 1997).
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Fiber takviyeli polimer kompozitlerin bir diger 6nemli avantaji ise, karmasik sekillerin iiretiminde kolay
imal edilebilirligidir.

Son yillarda birgok otomobil iireticisi, karbon fiber takviyeli kompozitleri arag tavanlari, zemin
panelleri, kompozit yolcu hiicreleri, kabin ¢erceveleri, sanziman tiinelleri, tavan siitunlari, 6n ve arka
tamponlar ile arka zeminlerin iiretiminde kullanmaktadir. Yapilan incelemeler, CFRP'nin (karbon fiber
takviyeli polimer) celik govde yapisina potansiyel bir alternatif olabilecegini gostermektedir. Ancak,
jantlar, tampon destekleri, ara¢ tavanlari, kapi modiilleri, hava emis manifold sistemleri ve bagaj
kapaklar1 gibi bilesenler i¢cin mekanik 6zellikler ve maliyet agisindan en uygun segenek olarak GFRP
(cam fiber takviyeli polimer) tercih edilmektedir. Bununla birlikte, enerji verimliligi ve yiliksek hizl
tiretim eksikligi, yetersiz tasarim araclari, yiiksek malzeme maliyetleri ile geri doniistiiriilebilirlik ve
onarim konularindaki sorunlar, otomotiv sektoriinde bu malzemelerin kullanimimi biiyiikk olgiide
sinirlamaktadir (Strong, 2008).

P. Kumar tarafindan yapilan bir arastirmada, ii¢ farkli tampon tasarimi (¢elik tampon, kopiik eklenmis
tampon ve petek yapili tampon) karsilastirilmis ve ¢elige kiyasla daha iistiin bir agirlik-mukavemet
oramma sahip oldugu belirlenmistir (Kumar ve ark., 2014). Tampon iiretiminin yan: sira, kompozit
malzemeler siispansiyon sistemleri, govde panelleri, fren sistemleri ve direksiyon mekanizmasi gibi
bir¢ok otomotiv bileseni i¢in genis bir kullanim alan1 sunmaktadir. Bambach, yaptigi ¢calismada, arag
tavan yapisinin giiclendirilmesi igin ¢elik yiizeyine karbon fiber baglanmasini 6neren yeni bir yontem
gelistirmistir. Yolcu araglarimin tavanina baglanan karbon fiberlerin, agirlik-mukavemet oranmi iki
katina ¢ikardigi tespit edilmistir (Bambach, 2014). Giinlimiizde, yiiksek performansli spor araglari, yillik
yaklagik 500 adet iiretilen biiyiik miktarda CFRP bilesen i¢cermektedir. CFRP, karmasik herhangi bir
formda sekillendirilebilme 6zelligine sahiptir. Esnekligi sayesinde ara¢ dis yiizeyinde estetik ve sik bir
goriinim elde edilmesine olanak tanimaktadir (Othman ve ark., 2018). Hyoung ve ekibi tarafindan
yapilan bir ¢alismada, kompozitten iiretilen otomotiv alt salincaginin, geleneksel celik versiyonuna
kiyasla iki kat daha fazla rijitlik ve burkulma dayanimi sagladigi ve ayrica %50 agirlik azalttig
belirlenmistir (Kim ve ark., 2014).

Wang ve ekibi, 2018 yilinda, yiiksek sicakliklara maruz birakilan CFRP (karbon fiber takviyeli polimer)
kompozit sandvi¢ yapilarim incelemistir. Calismada, takviye malzeme olarak aliiminyum petek yapilar
kullanilmis ve takviye kalinlig1 ile yogunlugunun kompozit sandvi¢ yapr iizerindeki -etkileri
arastirilmigtir. Malzeme mukavemeti, takviye kalinligt veya yogunlugunun artirilmasiyla
iyilestirilebilmektedir. Bununla birlikte, optimum yogunluk veya kalinlik degerleri, egilme rijitligini
artirmaktadir. Kalimlik veya yogunluk degisimine bagli olarak rijitlikteki artisin mukavemet artisindan
daha fazla oldugu gézlemlenmistir. 101 kg/m* yogunluga ve 20 mm kalinliga sahip aliiminyum petek
cekirdek, daha diisiik kiitleyle daha yiiksek mukavemet ve rijitlik saglamstir. Ayrica, ¢ekirdek malzeme
ile panel yilizeyi arasindaki ara yiizey oOzelliklerinin iyilestirilmesi, panelin soyulma dayanimini
artirmistir (Wang ve ark., 2018).

2014 yilinda Kim ve diger arastirmacilar, karbon-epoksi kompozit kullanarak bir otomobil bileseni olan
metale kiyasla iki kat daha yiliksek oldugu, buna karsin alt salincak kolunun agirligimnin yari yariya
azaldigi tespit edilmistir (Kim ve ark., 2014).

3. Sonuglar

Literatiir taramas1 sonucunda kompozit malzemelerin otomobil alaninda hayati bir role sahip oldugu
goriilmektedir. Otomotiv sektdriinde kompozit malzemelerin kullanimu, elektrikli araglarin agirligim
azaltmanin yani sira aerodinamik 6zellikleri iyilestirerek yakat tiikketimini diisirmektedir. Daha yiiksek
mukavemet, daha uzun yorulma 6mrii ve hafif bilesenlere olan ihtiyaci karsilamak amaciyla, otomotiv
endiistrisi kompozit bazli otomobil pargalarina yonelik arastirmalara odaklanmaktadir.

Bu caligmada elektrikli aracglar ve otomobillerde karbon fiber takviyeli polimer matrisli kompozit
malzemelerin kullanimi ele almmugtir. Onceki yillara ve giiniimiize ait inceleme bulgulari, otomotiv
endiistrisinde otomobil bilesenlerinin {iretimi i¢in s6z konusu kompozit malzemelerin yiiksek
potansiyele sahip oldugunu gostermektedir. Kapsaml veriler, yakit tasarruflu araclara ve elektrikli
araglara olan talebin 6zellikle son bes yilda 6nemli 6l¢iide arttigini ortaya koymaktadir. Bu 6zelliklere
bagl olarak, elektrikli araglar ve otomobillerde kompozit malzemelerin incelenmesi giincel ve énemli
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bir konu olarak 6ne ¢ikmaktadir. Glinlimiizde ¢ogu otomobil iireticisi, islerini siirdiirebilmek ve mevcut
pazar trendlerine uyum saglamak amaciyla geleneksel ¢elik bilesenlerden hafif malzemelere gegmeyi
tercih etmektedir. Su anda kompozit sektorli, metallerle uygulamalarinda yenilik¢i 6zelliklerini
sergilemeye ihtiya¢ duymaktadir.

Hafif otomobillere yonelik gelisen egilimler dogrultusunda, cesitli siniflardaki hafif araglarmn
mithendisliginde fiber bazli kompozitler kullanilmaktadir. Karbon fiber bazli kompozit malzemelerin
geri doniisiim yontemleriyle daha diisiik maliyetle elde edilebilecegi ve gelecekte hafif hibrit kompozit
malzemelerin gelistirilmesi i¢in makul bir yon sunabilecegi ongoriilmektedir. Karbon fiber takviyeli
plastik malzemenin uygulanmasi, hafiflik kavramlarmi gergeklestirmek icin en yiiksek potansiyeli
sunar. Karbon fiber takviyeli plastik, yaygin olarak kullanilan metallerle karsilastirildiginda olaganiistii
0zgiil mukavemet, yorulma dayanimi ve sertlik sergiler. Otomotiv sektoriinde, karbon fiber takviyeli
plastigin avantajlar1 arasinda agirlik azaltmanin yani sira, par¢a entegrasyonu ve parga sayisinin
azaltilmasi, dayaniklilik, carpigsma giivenligi, tokluk ve goz alici estetik yer almaktadir.

Bu malzemelerin kapsamint ve sinirlamalarini kesfetmek igin daha fazla caligmaya ihtiyag
duyulmaktadir. Bu nedenle, aragtirmalar diisiik maliyetli ve iiretim potansiyeline sahip kompozitlerin
yapi ve Ozellik dengesiyle gelistirilmesine odaklanmalidir.
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Okullarda Kritik Basar1 Faktorlerinin Belirlenmesi ve Okul Performansmin Ol¢iimii:
Liseler Uzerine Bir Uygulama

Arastirmaci Thsan Hekimoglul
YYildiz Teknik Universitesi

Ozet: Bir okulun basarili olmasini saglayan faktérlerin neler oldugu, farkh goriislerin oldugu ve tartismal bir
konudur. Bu belirsizlik, okullarin onceliklerini belirlemesini ve kaynaklarim énemli alanlara yonlendirmesini
zorlastirmaktadir. Bu arastirmanin amaci, okul paydaslarimin goriislerini dikkate alarak, okullarda basariyt
etkileyen faktorleri ortaya koymak ve bu basariyi dlgebilmektir. Okullarda basart kriterlerini belirlemek igin
bulamk bilissel haritalama, okullarm mevcut durumunu analiz etmek icin SWOT analizi, okulun basarisi ve
performansint élgmek i¢in Balanced Scorecard yontemi kullanilmistir. Olusturulan bulanik biligsel haritalarn
analizi sonucunda, iyi ders anlatimi ve soru ¢oziimii, tecriibeli 6gretmen kadrosu, nitelikli ve kaliteli 6grencileri
¢ekmek; SWOT analizi sonucunda tecriibeli 6gretmen kadrosu ve simif mevcutlarinin istenilen diizeyde olmasi en
onemli faktorler olarak belirlenmistir. Egitim Balanced Scorecard’1, okullarin basarisini en fazla etkileyen
faktorleri dne ¢ikarmasi ve bunlart dlgerek, ulagilan bagary siirdiiriilebilir kilmasi bakimindan énemlidir

Anahtar Kelimeler: Kritik Basar: Faktorleri, Bulanik Biligsel Haritalama, Swot Analizi, Performans Olgiimii,
Okul

Identifying Critical Success Factors in Schools and Measuring School Performance: An Application On
High Schools

Abstract: What factors make a school successful is a controversial topic with differing views. This uncertainty
makes it difficult for schools to set priorities and direct their resources to important areas. The aim of this study
is to identify the factors that affect success in schools and to measure this success by taking into account the views
of school stakeholders. Fuzzy cognitive mapping was used to identify success criteria in schools, SWOT analysis
was used to analyze the current situation of schools, and Balanced Scorecard method was used to measure the
success and performance of schools. As a result of the analysis of the fuzzy cognitive maps created, good lecturing
and question solving, experienced teaching staff, attracting qualified and high quality students were identified as
the most important factors; and as a result of the SWOT analysis, experienced teaching staff and class size at the
desired level were identified as the most important factors. Education Balanced Scorecard is important in terms
of highlighting the factors that affect the success of schools the most and making the success achieved sustainable
by measuring them.

Keywords: Critical Success Factors,fuzzy Cognitive Mapping,swot Analysis, Performance Measurement, School

GIRIS

Basarinin ne oldugu ve nasil dlgiilebilecegi ile ilgili sorulara net bir cevap vermek, basarinin pek ¢ok
boyuta sahip olmasi sebebiyle zordur (Multan ve dig., 2023). Okullarda basar1 kavrami ve performans
gostergeleri  hala belirsizdir. Bu durum paydaglarin basar1 beklentilerindeki farkliliklardan
kaynaklanabilir. Bu nedenle paydaslarm basar1 anlayisindaki farkliliklar1 dikkate alan ve basariy1
etkileyen tiim faktorlerin arastirilmasi konusunda bir literatiir boslugu bulunmaktadir (Rockart, 1979),
kritik bagar1 faktorlerini bir hedefe ulagsmak icin gerekli unsurlar olarak tamimlamis, yoneticilerin bu
faktorlerle 6zel olarak ilgilenmesi gerektigini vurgulammstir. Kritik Basar1 Faktorleri (KBF) nin
belirlenmesi okullarin is ve stratejik faaliyetlerindeki basarisizlik riskini azaltir, girisimin basarili
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sekilde hayata gecirilmesi icin gerekli olanin ne oldugu konusundaki yonetim anlatisini ilerletir, daha
fazla g¢aliganin programa katilimini saglar ve faaliyetlerin siirekli iyilestirilmesini kolaylastirir (Hoell,
2009). Egitim kurumlar1 basariya ulagmalart durumunda, bu kazanimi korumak ve siirekliligini de
saglamak durumundadir Okul performansi, egitim sistemini takip edebilmek ve izlemek i¢in dnemlidir,
ancak degiskenlerin ¢esitliligi nedeniyle kriterleri ifade etmek, karar vermek ve belirtmek ¢ok zordur
(Kokgam, 2015). Bu nedenle Balanced Scorecard (BSC)’yi hedefleyen kurumlara uygun hale getirmek
ve basitlestirmek i¢in okullara 6zel olarak uyarlamak gerekebilir (Pereira 2012).

Ancak ozellikle Tirkiye gibi gelismekte olan iilkeler PISA sonuglarma gére OECD ortalamasinin
altinda kalmaktadir (Euronews,2023; Oztiirk, F., 2023). Tiirkiye’de yapilacak olan bu ¢alisma, OECD
raporuna gore Tiirkiye’ye benzeyen ve en fazla 6grenciye sahip olan ABD, Meksika, Endonezya,
Filipinler’deki okullar i¢in de yayginlastirilabilmesi nedeniyle onemlidir (TCMEB, 2023). Tiim
genglerin daha iyi egitim ve 6gretim almasi sayesinde, daha fazla ve daha iyi beceriler elde edilmesi
gerektigi Birlesmis Milletler'in 2030 stratejisinin temel amaglarindan biridir (Nunes, 2022). Birlesmis
Milletler'in 2030 giindemi, siirdiiriilebilirlige gecis icin kiiresel bir referans noktasi olarak hizmet eden
17 Siirdiiriilebilir Kalkinma Hedefi (SKH) ve 169 alt hedeften olusmaktadir (Weiland ve dig., 2021).
Yapilan bu ¢alismanin, belirlenen hedeflerden 4 hedefe olumlu katki saglanmasi beklenmektedir. Bu
hedefler Nitelikli Egitim (4), Baris Adalet ve Gii¢lii Kurumlar (16), Esitsizliklerin Azaltilmasi (10) ve
Yoksulluga Son (1) maddeleridir (United Nations, 2024). Caligma kapsaminda asagidaki arastirma
sorularina yanit aranacaktir.

AS1: Okullar i¢in kritik basar1 faktorleri ve anahtar performans gostergeleri nelerdir?

AS2: Okullar i¢in SWOT (Giiglii Yonler, Zayif Yonler, Firsatlar ve Tehditler) faktorleri nelerdir?
AS3: Okullara 6zel bir BSC gelistirebilir ve uygulanabilir mi?

YONTEM

Aragtirma 3 asamadan olusmaktadir. Arastirma siirecinin ana akis semasi i¢in sekil 1’e bakiniz.

i
ir Sa

Swot
Faktorleri

Egitim Kurumlar I¢in SWOT
Faktorlerinin Degerlendirilmesi

111 Faz - Egitim Kurumlarma Ozel
BSC Sablonun Ol Imast

BSCSablonu
Gergek

Sekil 1. Arastirma Siireci Ana Akis Semast

Evren ve Orneklem

Bu calisma nicel bir arastirmadir ve 3 asamadan olusur: (1) bulanik bilissel haritalama yontemi ile
okullar i¢in kritik basar1 faktorlerinin belirlenmesi, (2) okullar i¢in SWOT (gii¢lii yonler, zayif yonler,
firsatlar ve tehditler) faktorlerinin belirlenmesi, (3) 2 yontem sonucu ulasilan faktorler esas alinarak
performans 6l¢iim yontemi olan BSC’1n okullar igin gelistirilmesi.

3 yoéntem igin de arastirmasmin evreni olarak Istanbul ili olarak secilmistir. BBH Arastirmasinda
Istanbul ilinin farkli sosyo-ekonomik diizeydeki 3 farkli ilgesi segilmistir. TUIK veri tabamindan elde
edilen gelir, 6grenim diizeyi, okuma-yazma oram gibi sosyo-ekonomik degiskenlerin dagilimi goz
oniinde bulundurularak yiiksek sosyo-ekonomik diizey i¢in “Bakirkdy”, orta sosyo-ekonomik diizey igin
“Beylikdiizli”, diisiik sosyo-ekonomik diizey i¢in “Fatih” ilgesi secilmistir. BBH i¢in kolay ulasilabilir
(convenience sampling) ornekleme yontemi ve S.W.O.T analizi icin tabakali rastgele ornekleme
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(stratified random sampling) yontemi kullanilmigstir. Literatiir incelendiginde biligsel haritalama
yontemini kullanan arastirmalarm érneklem biiyiikliikleri farklilik gostermektedir. Orneklem sayisini,
Xiang ve Formica (2007) 15, Johnson ve Lipp (2006) 16, Ambrosini ve Bowman (2005) 7, Tegarden
ve Sheetz (2003) 3 kisi olarak belirlemistir. Calismamiz i¢in 6rneklem sayisi 21 olarak belirlenmistir.
Bu arastirmaya, kolayda ornekleme yontemiyle Istanbul ilindeki liselerde dgrenim géren Ogrenci,
gorevli idareci ve veli katilimcr gruplarindan 7’ser kisilik homojen ¢alisma gruplart olusturulmus ve
calisma bu gruptan elde edilen veriler ile gergeklestirilmistir. SWOT Analizi ¢aligmasi i¢in drneklem
biiyiikliigiinii belirlemek igin literatiir, tablolar ve formiiller kullanilabilir (Saruhan ve Ozdemirci (2011).
Formiillerde gerekli olan 6rnek sayis1 agagida verilmistir.

n=N *1t2 *p*q /a2 * (N-1) + {2 * p*q
n=N.t%.p.q/a.(N-1)+t*p.q

n: Orneklem Biiyiikliigii

N: Evren

p and q : Evrenin homojenlik diizeyi Arastirmada evren orta diizey homojen kabul edilmis p=0,75
g=0,25 olarak kabul edilmistir.

T: Arastirmada segilen anlamlilik diizeyine gore T tablosunda elde edilen degerdir. Bu arastirma i¢in
0=0,05 hata pay1 kabulii i¢in t:1,96 alinmaktadir.

a: aragtirmaci tarafindan kabul edilebilir hata pay1 ( Bu arastirmada a=0,05 alinmistir)
N=2064 t=1,96 p=0,72 q=0,25 0=0,05
n= 2064 * (1,96)>" 0,75 * 0,25/ (0,05)*> * 2.063+(1,96)* * 0,75 * 0,25 = 252,93

Nihayetinde evrenin homojen kabul edildigi ve % 95 giivenilirlik seviyesi kabulii i¢in gerekli drneklem
sayisinin en az 253 kisi olmas1 gerektigi hesaplanmustir. Verilerin hazirlanmasi siirecinde yasanabilecek
olas1 kayiplar g6z Oniine alinarak 300 kisiden veri toplanmasi planlanmistir. Her lisede bulunan her
katilimer grubundan 5’er kisi olmak lizere, toplamda her liseden 15 kisiden veri toplanacaktir. Veri
toplanacak lise sayis1 agagidaki formiile gore hesaplanmustir.

Veri Toplanacak Lise Sayisi: Toplanmasi Gereken Veri Sayist / Her Veri Toplama Biriminden
Toplanacak Veri Sayist

Veri Toplanacak Lise Sayisi: 300 / 15 = 20 adet liseden veri toplanmasi planlanmustir.

Arastirma amacimiz okullarda kritik basar1 faktorlerinin belirlenmesi ve okul performans ve basarisinin
dlciimii oldugundan, tiim asamalarda basar1 kriteri esas almmustir. flce seciminde populasyon icindeki
evren veya elemanlarinin aragtirma amacina uygun olarak secilmesi amaglanmistir. Ayrica evrenin
soruna en uygun bir kesimini gdzlem konusu yapilmasi da énemlidir. Bu nedenle ¢alismada Karar
Ornekleme (Judgement Sampling) yontemi esas alimmustir (Andac, 2021). Bu amacla evrenimizi
olusturan Istanbul ili icin, sehir cografi olarak Yiiksek Secim Kurulu’nun secim bolgesi olarak
belirledigi 3 ayr1 bolgeye ayrilmustir (YSK, 2015). ilge basar1 oran1 dogrultusunda her bélgeden en
bagarili 2 ilge segilmistir.

flge basar1 Orani1 = En Bagarih % 5'lik Dilimden Ogrenci Alan Lise Sayis1 / Toplam Lise Sayist
Okul Se¢imi
1.0kul Derecesi Secimi

Arastirma kapsamindaki okul tiirlerini belirlerken iilkelerin 6grencileri basarilarim arastiran uluslararasi
bir arastirma olan PISA 2022 (TCMEB, 2022) uygulamasinin Tiirkiye i¢in yaptig1 ¢alisma incelenmis,
Tiirkiye’den elde edilen verilerin toplandig1 6érneklem grubuna ait okul kademesi ve okul tiirlerine ait
oranlar1 6rnek almmustir. Aragtirmanin % 99,8 i liseler iizerine oldugu i¢in okul kademesi olarak lise
belirlenmistir. Orneklem se¢iminde gesitlilik gosteren durumlar arasinda problemin farkli boyutlarini
ortaya koymay1 saglayan (Yildirim ve Simsek, 2006) ve ornekleme iliskin her durum kendine 6zgii
boyutlariyla derinlemesine tanimlama imkani sunan (Patton, 1987), maksimum cesitlilik 6rnekleme
(maximum variation sampling) esas alinmustir
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2.Lise Tiirii Se¢cimi

PISA 2022 (TCMEB, 2022) arastirmasi icin belirlenen 7 farkli lise tiiriiniin dahil oldugu bir lise
orneklem havuzu belirlenmistir. Her lise tiirii, temsil oran1 ol¢iisiinde 6rnekleme dahil edilmistir. Lise
secimi ilgedeki lise giris sinavi (LGS) puanlari esas alinmis ve en yiiksek puanli liseler 6rnekleme dahil
edilmistir.

3. Lise Secimi Belirlenen ilgelerdeki en yliksek LGS Sinav puani ile 6grenci alan liseler tercih edilmistir. | 132
Katilimcilarin 6zelliklerine iliskin bilgiler Tablo 1’de verilmistir.

Tablo 1. Katilimeilarin Demografik Ozellikleri

Degiskenler Gruplar S %
Cinsivet Kadin 185 59,87
y Erkek 124 40,13
18 Yas ve Alt1 94 30,42
Yas -
19 Yas ve Uzeri 215 69,58
Idareci 96 31,07
Katilimei Tiirii Ogrenci 100 32,36
Veli 113 36,57

Veri Toplama Araclari

Bu arasgtirma kapsamunda katilimcilardan veri toplamak amaciyla 3 Olgme araci kullanilmustir.
Katilimcilarin bilissel haritalarmi olusturmak amaciyla Cropper (1990) ve Kosko (1986) tarafindan
gelistirilen “Bulanik Bilissel haritalama” (FCM) yontemi kullanilmistir. Egitim Kurumlarinin Mevcut
ve gelecekteki durumunu analiz etmek i¢in Slgmek igin stratejik planlama aract olan SWOT analizi
kullanilmistir. Okullarin performansini 6lgmek igin ise Kaplan ve Norton (1992) tarafindan gelistirilen
Balanced Scorecard yontemi kullanilmstir.

Bagimh Degisken

Kritik Basar1 Faktorleri Kriter Sablonu: Oncelikle bir okulu basarili olmasini saglayacak kriterler ve
performans Olgiitleri literatiir taramasi ile belirlenmistir.  Belirlenen maddeler BSC sablonuna
yerlestirmis ve 4 boyut altinda diizenlenmistir. Katilimcilara asagidaki sorular sorulmustur.

1. Bulundugunuz okulun basarisina etki eden en 6nemli ve kritik basar1 faktorleri hangileridir?

2. Bu faktorlerden hangisindeki bir iyilesme, Belirlenen diger amag ya da kritik basar1 faktoriine direkt
etki eder?

3. Bu iliskinin yonii ve etki giiclinii tanimlayiniz.

Ug farkli katilimer grubundan alinin cevaplar biraraya getirilerek grup modelin Biligsel Haritasi
Olusturulmustur.

SWOT Kriterleri Sablonu: Oncelikle bir okulu bagarili olmasini saglayacak SWOT faktorleri literatiir
taramasi ile belirlenmistir. Belirlenen Maddeler SWOT sablonuna yerlestirmis ve 4 boyut altinda
diizenlenmistir. Katilimcilara Asagidaki Sorular Sorulmustur.

BSC Sablonu: BSC Boyutlar1 egitim sektoriine yani okullara uyarlanarak 4 farkli yeni boyut
belirlenmistir. Daha sonra BBH ve SWOT analizleri sonucu ortaya ¢ikan faktorler Okul BSC Boyutlari
altina yerlestirilmistir. 2 okulda pilota ¢aligma yapilmistir. Katilimcilara ssagidaki sorular sorulmustur.

Sosyo-ekonomik Ozellikler: Arastirma kapsaminda, katilimeilari cinsiyet, yas, okuldaki statiisii gibi
sosyo-ekonomik 6zellikleri hakkinda bilgi toplanmustir.
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Veri Toplama Arac¢larimin Uygulanmasi

Verilerinin toplanabilmesi i¢in &ncelikle Yildiz Teknik Universitesi etik kurulundan gerekli izin
almmugtir. Daha sonra, idareci, 6grenci ve veliler kendi okullarinda ziyaret edilerek arastirmanin amact
ve 6nemi konusunda bilgi sunulmus, goniillii katilim formu dagitilmstir.

Verilerin Analizi

Caligmanin 1. boliimiiniin 1. faz1 olan biligsel haritalama igin Desicion Explorer (Banxia, 2024) yazilim1
kullamlmustir. Her bir katilime1 grubunun ayr1 ayri ve katilimeilarin birlesimi ile elde edilen grup modele
ait biligsel haritalardaki dogrudan alan (domain analysis) ve merkeziyet analizleri (central anaysis)
yapilmistir. Dogrudan alan analizi her kavrama dogrudan giren ve dogrudan ¢ikan kag kavram oldugunu
hesaplar (Banxia, 2024). Bu analiz domain analizi olarak adlandirilir. Bu analiz katilimcinin bilissel
haritasindaki en 6nemli kavramlari ortaya ¢ikarmayi saglar (Eden, 2004:682-683). Merkeziyet analizi
dogrudan alan analizi ile ayn1 anlam1 tagimakla beraber, sadece dogrudan iliskili kavramlar1 degil, bu
kavramlarin iligki alanlarmi da hesaba katar, bu sayede kavramin modelin tamami i¢indeki merkeziyeti
belirleme imkan1 dogar (Eden, 2004). Bu iki analiz sonucu en énemli KBF ve APG’ne ait endeks
degerlerine ulagilmistir. Her bir kriter i¢in 2 farkli analiz sonucu belirlenen degerler toplanarak her bir
kritere ait *biligsel haritalama analiz degerleri toplam1’ hesaplanmustir.

Calismanin birinci boliimiiniin ikinci faz1 olan BBH sonucu elde edilen veriler FC Mapper (FCMapper,
2024) programi ile analiz edilmistir. Grup modelinin bulanik biligsel haritasmnin indeks degerleri
“Calculate indicies” komutu araciligiyla hesaplanmistir. Grup modelindeki en 6nemli degiskenler kritik
basar1 faktorleri ve anahtar performans gostergeleri(APG), en yiiksek merkeziyet derecesine sahip
olanlardir ve bu merkeziyet indeksi (Centrality Index) analizi sonucu elde edilmistir. Grup modelindeki
diger degiskenler tarafindan yiiksek Olglide etkilenen degiskenleri belirlemek igin, alicilik indeksi
(Indegree Index) analizi yapilmistir. Grup modelindeki diger degiskenleri yiiksek diizeyde etkileyen
degiskenleri belirlemek i¢in vericilik indeksi (Outdegree Index) analizi yapilmistir. Bu 3 analizde de
belli bir sayisal deger elde etmis olan degiskenler gelistirilmesi amaglanan okul BSC’nin baslangi¢
degiskenleri olarak belirlenmistir.

Calismanin ikinci boliimde katilimcilardan toplanan SWOT verilerin frekans analizleri ve tigiincii
boliimii, Okul BSC gelistirme boliimiinde Kurumsal Karne Puami hesaplamalar1 amaciyla MS Excel
yazilimi kullanilmastir.

ARASTIRMA VE BULGULAR

l.asama bilissel haritalama asamasidir KBF’nin belirlenmesi icin katilimcilarin bilissel haritalar:
birlestirilerek miisterek bir grup model biligsel haritasi olusturulmustur. Olusturulan bulanik bilissel
harita gorseli i¢in Sekil 2“ye bakimz.

- i
w2

Sekil 2. Grup Modelin Bulanik Biligsel Haritas1
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Biligsel haritalama sonucu gergeklestirilen dogrudan alan ve merkeziyet analizleri gergeklestirilmistir.
Ancak daha bulanik biligsel haritalama analizleri ile biiyiik 6lglide ortiistiigli i¢in burada detayl yer
verilemeyecektir.

BBH sonucu katilimeilarin haritalarinin birlesimi ile olugan grup modeli i¢in yapilan merkeziyet, alicilik
ve vericilik endeksi analizleri sonucu en 6nemli KBF ve APG’lerine ait endeks degerleri olugsmustur.
Her bir kriter i¢in 3 farkli analiz sonucu olusan bu endeks degerleri toplanarak her bir kritere ait toplam
endeks degeri hesaplanmistir. Sonuglar Tablo 2’de gosterilmistir.

Tablo 2. Bulanik Biligsel Haritalama Endeks Analiz Degerleri Toplami Tablosu

Kritik Bagar1 Faktorleri ve Anahtar Performans | Analiz Degerleri

Gostergeleri Toplamu Kaynak
1.1yi Ders Anlatimi ve Soru Coziimii (10) 8,39 Cigir (2006)
?Z.I;I)ltehkh ve Tecriibeli Ogretmen Kadrosu 6,28 Ozan ve dig..(2015)
o e T Pineno, (2007);

3.Nitelikli ve Kaliteli Ogrencileri Cekmek (2) | 4,67 O'Neil ve dig.(1999)
4 Mevcut Ogrencileri Kaybetmemek (8) 4,34 Schaobel & Scholey (2012)
5.0grencilerin Ders Anlatimindan .
Memnuniyeti (4) 4,01 Pineno (2007)
6.Memnun Ogrenci Yiizdesi (32) 2,45 Schobel & Scholey (2012)

\ Cigir (2006);
7.YKS'de Basarili Sonuglar (5) 2,39 Ozmantar (2011)
8.0Ogrencinin Rehberlikten Memnuniyeti (7) 2,22 é%?;?anos SaaLhanos
9.Karlilik (17) 2,11 Girsoy (2013)
10.Stajer Ogretmen Yiizdesi (43) 1,84 Brown ve dig., (2009)
11.Basarili Ogretmenlerin Yedeklenme . K.
Yiizdesi (46) 1,72 Pereira ve dig. (2012)
12.0gretimin Etkinligini Arttirmak (23) 1,67 O'Neil ve dig. (1999)
13.0Ogrencilerin Hedefledikleri Basar1 ve ; .
Netlere Ulasma Yiizdesi (37) L e ve dif. (2012)
(1 f‘i")Fum Ogrencilere Esit Firsatlar Saglamak 161 Percira ve dig,, (2012)
(1 jil;mansal Varliklarm Yikiimliiliklere Orant 111 Brown ve dig., (2009)

Pineno (2007);

16.YKS ve Deneme Sinav Sonuglar1 (30) 1,11 Tanoba (2019)
17.Kayit Olan Ogrenci Kalitesi-LGS Yiizdelik . .
Dilimi (25) 0,50 Bailey ve dig.(1999)
18.YKS Deneme Sinavi Tatbikatlari (35) 0,33 Tanoba (2019)
19.YKS Benzeri Soru Coziimleri (34) 0,33 Tanoba (2019)

Yapilan S.W.O.T analiz ¢alismas1 sonucundan katilimcilarm en fazla tercih ettikleri ve en yliksek
frekansa sahip kritik basar1 faktorleri asagida tablo 3’te verilmistir.

SWOT Analizi sonucu katilimeilar tarafindan en yiiksek oranda tercih edilerek faktdrler Tablo 3’te
gosterilmistir. Bunlardan en yiiksek frekansli 8 tanesi BSC sablonu gelistirme asamasina dahil
edilecektir.
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Tablo 3. En Onemli SWOT Faktorleri
Gii¢lii Yanlar
[Agaoglu ve dig., 2006; Li ve Zhang, 2020;
Ozan ve dig., 2015; O'neil ve dig.,1999; | Frekans ﬁi‘?;ffla“':zi, 2006] Frekans
Pineno ve Boxx, 2007; Yelken ve dig., gaogiu ve dig.,
2012;]
ey 1 A 1.Sosyal ve Sportif Etkinliklerin

1.Tecriibeli Ogretmen Kadrosu (51) 208 Yetersiz Olmast (61) 103
2.0gretmenlerle iletisim (58) 143
3.1yi Egitimli ve Nitelikli Ogrenciler (52) 138
4.0kul Bagarisinin Yiiksek Olmasi (53) 131
5.Lokasyon-Konum (55) 109
Firsatlar
[Ozan ve dig., 2015,Karaman, Tehditler
2011;Pucciarelli ve dig. 2016; Yelken ve [Agaoglu ve dig.,2006]
dig., 2012]
1.S1mf Mevcutlarinin Istenilen Diizeyde ;
Olmas (68) 152 1.Yanlig Internet Kullanimi (76) |95
2.0Okulun il-ilge Merkezinde Olmas1 (71) 146
3.Universiteye Artan Talep (64) 112
4.Artan ve Degisen Ogrenci Kitlesi (65) 105
5.Bir Universite Mezunu Olmanin Sagladig 101

Prestij (66)

BBH sonucu yapilan analizlerle elde edilen en etkili APG’leri belirlenmistir. BSC i¢in APG endeks
degerleri toplanmis ve endeks degerleri toplamina boliinerek agirliklandirilmistir. APG agirliklar: Tablo

4. ‘te gosterilmistir.

Tablo 4. Anahtar Performans Gostergeleri Agirlik Hesaplama Tablosu

Anahtar Performans
Anahtar Performans Gostergeleri BBH Endeks Gosterge Agirliklart
Degerleri Toplam | (Yizde)
1.Kayit Olan Ogrenci Kalitesi (LGS Yiizdelik Dilimi)
0,5 4,54
(25)
2. YKS ve Deneme Sinavi Sonuglari (30) 1,11 10,1
3.Memnun Ogrenci Oram (32) 2,45 22,22
4.YKS Benzeri Soru Coziimleri (34) 0,33 3,03
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Anahtar Performans
Anahtar Performans Gostergeleri BBH Endeks Gosterge Agirliklart
Degerleri Toplami | (Yizde)
5.YKS Deneme Sinavi Tatbikatlar1 (35) 0,33 3,03
6.0grencilerin Hedefledikleri Basar1 ve Seviyesine 161 14.64 | 136
Ulagma Orani (37)
7.Finansal Varliklarm Yiikiimliiliklere Orani (41) 1,11 10,1
8.Yeni Mezun veya Stajer Ogretmen Oram (43) 1,84 16,68
9.Basarili Ogretmenlerin Yedeklenme Orani (46) 1,72 15,64
11,01 100

Secilen 2 lisede yapilan agirlikli BSC puani 6l¢iimii ve hesaplamalari sonrasi olusan anahtar performans
gosterge puanlar1 Tablo 5°te gdsterilmistir.

Tablo 5. Liseler bsc tablosu

Agirliklt Agirlikli
BSC Puam BSC Puani
Kritik Basar1 Faktorleri AQahtar Per'formans
Gostergeleri Besiktas Cagaloglu

Anadolu Lisesi

Anadolu Lisesi

Ogrenci ve Veli

1.1.1yi Egitimli ve Nitelikli

Ogrenciler (2,52)
1.2.Mevcut Ogrencileri 1.1.Memnun Ogrenci
Kaybetmemek (8) Oram (32) Laie 22,22
1.3.0grencilerin Ders
Anlatimindan Memnuniyeti (4)
1.4.YKS'de Basarili Sonuglar (5)
1.5.Etkili Rehberlik ve 1.2.YKS ve Deneme
Danigmanlik (7) Smavlar1 Sonuglar1 (30) 10,10 10,10
1.6.Smif Mevcutlarinin Istenilen
Diizeyde Olmasi (68)
1.7.0gretmenlerle lyi iletisim (58)
: _— 1.3.Kayit Olan Ogrenci
1.8.Sosyal ve Sportif Etkinlikler Kalitesi-LGS Yiizdelik 4,54 4,54

(61)

1.9.internetin Dogru Kullanimi
(76)

Dilimi (25)
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Agirlikl Agirliklt
BSC Puani BSC Puani
Kritik Bagar1 Faktorleri Aﬁahtar Ifer.formans
Gostergeleri Besiktas Cagaloglu
Anadolu Lisesi | Anadolu Lisesi
Ogretim
2.1 Iy1 Ders Anlatimi ve Soru 2.1.0grencilerin
Coziimii (10) Hedefledikleri Basari
" A 11,72 14,64
2.2.0gretimin Etkinligini Seviyesine Ulasma Orant
Arttirmak (23) @37)
2.3.Tiim Ogrencilere Esit Firsatlar | 2.2.YKS Benzeri Soru 182 182
Saglamak (14) Coziimleri (34) ’ ’
2.4.0kul Basarisinin Yiiksek 2.3.YKS Deneme Sinavi 303 303
Olmasi (53) Tatbikatlar1 (35) ' ’
Okul Yonetimi
3.1.Karlilik (17) 3.1.Finansal Varliklarin
— : Yiikiimliiliklere Oran 6,06 10,10
3.2.0kulun II-Ilge Merkezinde (41)
Olmas1 (71)
Insan Kaynaklari
| e v i |1
4.1.Tecriibeli Ogretmen Kadrosu
(22,51) 4.2.Bagarili
Ogretmenlerin 9,39 9,39
Yedeklenme Orani (46)
Lise Agirlikli BSC Puam | 81,12 92,52

TARTISMA VE SONUC

Arastirma sorumuz okullar i¢in kritik bagar1 faktorleri ile anahtar performans gostergelerinin neler
oldugu idi ve bu amaca ulagsmak icin BBH analizleri gerceklestirildi. 2. arastirma sorumuz okullar i¢in
SWOT faktorlerinin neler oldugunu bulmakti ve bu analiz sonuglarina ulasildi. 3. aragtirma sorumuz
okullara 6zel bir BSC gelistirilerek ve uygulanabilirligi izerineydi. Bu iki arastirma sonucu elde edilen
bulgular kullanilarak okullar i¢in bu basarmin dl¢iimiinii saglayan BSC yontemi okullara uyarlandi ve
iki lisede pilot ¢aligma uygulandi. BBH sonucu yapilan analizlerde en 6nemli kritik basar1 faktorleri iyi
ders anlatimi ve soru ¢oziimii (8.39) ile nitelikli ve tecriibeli 6gretmen kadrosu (6.28)) iken, SWOT
analizlerinde (tecriibeli 6gretmen kadrosu (208)) en 6nemli kritik basar1 faktorleri olmustur ve bunlarin

ogretmenler ile ilgili oldugu goriilmektedir. Sonuglar gecis calisma sonuclari ile ortiismektedir (Sayin
(2014; Barber ve Mourshed, 2007).

BBH analizleri sonucu nitelikli ve kaliteli 6grencileri ¢cekmek (4.67), mevcut 6grencileri kaybetmemek
(4.34) ve 6grencilerin ders anlatimindan memnuniyeti (4.01) faktorleri sonraki 3 6nemli faktor olmustur.
SWOT analizleri sonucu en yiiksek frekansa sahip maddeler arasindaki iyi egitimli ve nitelikli 6grenciler
(138), okul basarisinin yiiksek olmasi (131) {iniversiteye artan talep (112), artan ve degisen &grenci
kitlesi (105) bir iiniversite mezunu olmanin sagladigi prestij (101) gibi faktdrler 6grencinin Gnemini
vurgulamaktadir. Literatiire bakildiginda bulgularimizi destekyene caligmalar oldugu goriilmektedir
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(Nunes (2022). Nitelikli 6grenciler, daha yiiksek diizeyde ders katilimina sahip olma egilimindedir, ders
calisirken ¢ok fazla gaba gosterirler, bu da 6grencileri basarili kilar (Galyon ve dig., 2012) ve bu da
okulun basarisina doniisiir.

Okulun fiziksel yapist ile ilgili faktorler BBH analizlerinde ortaya ¢ikmamasina ragmen SWOT analizi
sonucu en yiiksek frekansli 2 ve 3. faktor olmustur. Bu durum calismanin SWOT analizi ile
gliclendirilmesinin 6nemini ortaya koymaktadir. En yiiksek frekansh faktorlerden simif mevcutlarinin
istenilen diizeyde olmast (152), okulun il-ilge merkezinde olmasi (146), lokasyon-konum (109)
faktorleri okulun basarisinda fiziksel yapinin 6nemini gostermektedir. Literatiir sonuglar1 aragtirma
sonuclarmmizi desteklemektedir (Ozan, 2015; Ozkul, 2023) Bu calisma okullarda basariy1 etkileyen
faktorleri ortaya koymay1 ve okul performansini 6lgmeyi amaglamis ve hedefine ulagmustir. Okul
performansinin 6lglimii ile, yetersiz Olgiitlerin iyilestirilebilecegini gdstermistir. Bu da basarmnin
stirdiiriilebilirliginin saglanabilmesi agisindan énemlidir.
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Ozet: Bu ¢alisma, mikro hiicresel kopiik enjeksivon teknolojisini kapsamli bir sekilde ele almaktadir. Bu yenilikgi
teknoloji, plastik tiiketimini azaltarak maliyet tasarrufu saglamak, iirtinlerin agirligim diisiirmek ve ¢evresel
stirdiiriilebilirligi desteklemek amaciyla gelistirilmistir. Geleneksel enjeksiyon kaliplama ydntemlerine kiyasla
daha hafif ve mekanik ozellikleri korunmus tiriinler tiretmeyi miimkiin kilar. Mikro hiicresel kopiik enjeksiyon
stireci, polimer eriyigine siiperkritik swvilarin (SCF) fiziksel iifleme maddesi olarak enjekte edilmesiyle
gergeklestirilir. Bu yontemle, polimer matrisinde kontrollii sekilde mikro boyutlu gaz kabarciklar: olusturulur. En
vaygin kullanilan iifleme ajanlart karbondioksit (CO:) ve azot (N:z) olup, bu gazlar belirli sicaklik ve basing
kosullarinda polimer i¢inde ¢éziinerek kabarcik olusum siirecini bagslatir. Siire¢ genel olarak ii¢ ana evreden
olusur: Hiicre Olusumu (Niikleasyon), Kabarcik Gelisimi ve Uriin Katilasmast. Bu yontemin sundugu avantajlar
arasinda malzeme tasarrufu, daha diisiik polimer viskozitesi sayesinde kaliplama siirecinin kolaylagsmasi, dongii
siiresinin kisalmast ve mekanik ozelliklerin belirli bir seviyeye kadar korunabilmesi yer almaktadir. Ozellikle
otomotiv, havacilik ve ambalaj sanayii gibi sektorlerde hafif yapilarin giderek énem kazanmasiyla birlikte, bu
teknoloji siirdiiriilebilir iiretim hedeflerine katki saglamaktadir. Ancak, mikro hiicresel kopiik enjeksiyon
yonteminin bazi dezavantajlart da bulunmaktadir. Yiizey kusurlari, ozellikle girdap izleri, giimiis ¢izgiler ve
parlaklik kaybu gibi estetik sorunlar, bu yéntemin en biiyiik zorluklar: arasindadir. Bu tiir yiizey problemlerini
minimize etmek icin Gaz Karsi Basinci (GKP) ve Hizli Isitma-Dondurma Kaliplama gibi geligmis teknikler
uygulanmaktadir. Sonug olarak, mikro hiicresel kopiik enjeksiyon teknolojisi, plastik par¢alarin hafifletilmesi ve
tiretim stireglerinde verimliligin artirilmast agisindan énemli bir yenilik olarak degerlendirilmektedir. Gelecekteki
gelismeler, bu yontemin daha genig bir endiistriyel alanda uygulanabilirligini artirabilir ve daha estetik, dayanikl
tiriinlerin tiretilmesini saglayabilir.

Anahtar Kelimeler: Anahtar Kelimeler: Siiperkritik Sivi Scf. Niikleasyon, Gaz Kabarcigi Olusumu, Malzeme
Tasarrufu, Gaz Karsi Basinci, Hizli Isittma-Dondurma Kaliplama

Microcellular Foam Injection Molding Process

Abstract: This study comprehensively examines microcellular foam injection technology. This innovative
technology has been developed to reduce plastic consumption, achieve cost savings, decrease product weight, and
support environmental sustainability. Compared to traditional injection molding methods, it enables the
production of lighter products while maintaining their mechanical properties. The microcellular foam injection
process is carried out by injecting supercritical fluids (SCF) as physical blowing agents into the polymer melt.
This method allows for the controlled formation of micro-sized gas bubbles within the polymer matrix. The most
commonly used blowing agents are carbon dioxide (CO:) and nitrogen (N2), which dissolve in the polymer under
specific temperature and pressure conditions, initiating the bubble formation process. The process generally
consists of three main stages: Nucleation (Cell Formation), Bubble Growth, and Product Solidification. The
advantages of this method include material savings, easier molding due to lower polymer viscosity, reduced cycle
time, and the ability to preserve mechanical properties to a certain extent. As lightweight structures become
increasingly important in industries such as automotive, aerospace, and packaging, this technology contributes to
sustainable production goals. However, there are also some disadvantages associated with the microcellular foam
injection method. Surface defects, particularly swirl marks, silver streaks, and loss of gloss, are among the biggest
challenges of this process. To minimize such surface issues, advanced techniques such as Gas Counter Pressure
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(GCP) and Rapid Heating-Cooling Molding are applied. In conclusion, microcellular foam injection technology
is considered a significant innovation for reducing the weight of plastic parts and improving efficiency in
manufacturing processes. Future developments may expand its applicability across a wider range of industries,
enabling the production of more aesthetic and durable products.

Keywords: Keywords: Supercritical Fluid — Scf, Nucleation, Bubble Formation, Material Savings, Gas Counter
Pressure — Gep, Rapid Heating-Cooling Molding - Rhcm

1. GIRiS

Mikro hiicresel kopiik teknolojisi MIT tarafindan 1980'lerin basinda icat edilmistir. 0,25 mm'den daha
biiyiik kabarciklar iireten geleneksel kdpiirtme islemleri, asirt mukavemet kaybi nedeniyle uygulanabilir
degildir. Boylece hem plastikten tasarruf edecek hem de makul bir dayanikliliga sahip mikro hiicresel
kopiik olusturma fikri dogdu.

Genellikle, mikro hiicresel kopiik islemi fiziksel iifleme maddesi olarak siiperkritik sividan (SCF)
yararlanir. Ajan olarak ¢ogunlukla CO2 ve N2 kullanilir. Mikro hiicresel kopiik parcalari, 1 ila 100
mikronluk diizgiin hiicre ¢aplarina ve santimetre kiip bagma 109 ila 1015 hiicrelik hiicre yogunluguna
sahiptir. Sekil 1-1, mikro hiicresel polistiren Orneginin taramali elektron mikrografilerini
gostermektedir.

Sekil 1.1. Mikrohiicresel polistiren tarama 6rneginin elektron mikrografileri [1].

3]

2. MiKROHUCRESEL KOPUK ENJEKSIYON PROSES PRENSIPLERI

Mikrohiicresel kopiik enjeksiyon islemi sirasinda, SCF polimer eriyigine enjekte edilir. Ve polimer-SCF
karisik c¢ozeltisinin tek fazi belirli bir sicaklik ve basing altinda elde edilir. Mikser kaliba enjekte
edildiginde, tek fazli ¢dzeltinin basinci mikrohiicresel igslem basincindan (MPP) atmosfer basincina
diistiriiliir. Cekirdeklenme olayi, mikserden ayrilan gaz nedeniyle meydana gelir. Daha sonra bu
cekirdekler sonunda kararli kabarciklara doniisiir. Sekil 2.1, mikrohiicresel kopiik enjeksiyon islemini
gosterir. Ve genel olarak mikrohiicresel kopiik enjeksiyon islemi asagidaki dort adimi takip edecek
sekilde tanimlanir.
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Sekil 2.1. Mikrohiicresel polimer kopiirtme isleminin gosterimi [2].
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2.1.Polimer-SCF tek fazh iiretim

Mikro hiicresel kopiik enjeksiyon islemi sirasinda, siiperkritik nitrojen (N2) veya karbondioksit (CO2)
plastik enjeksiyon makinesinin namlusuna enjekte edilir ve polimer eriyiginde ¢oziiliir. Daha sonra
belirli sicaklik ve basing altinda tek fazli bir polimer-SCF ¢o6zeltisi iiretilir. Bu asamada, SCF
konsantrasyonunun doygunlugu mikro hiicresel islem basinc1 (MPP) ve karistirict sicakligi ile belirlenir.
Bu parametreler ayrica son kabarcik boyutunu 6nemli dl¢tide etkiler.

2.2.Homojen c¢ekirdeklenme

Teorik olarak, yalnizca polimer-SCF karistirici termodinamik dengede oldugunda ve ayni anda
milyonlarca g¢ekirdek {iiretildiginde, homojen cekirdeklenme miimkiin olacaktir. Polimer-SCF tek fazli
karigtirict kalip bosluguna enjekte edildiginde, karistirict basinct MPP'den atmosfer basincina degisir.
Boylece hizli bir basing bosaltma meydana gelir. Daha sonra, SCF tek fazli karigtiricidan ayrilir ve ¢ok
sayida cekirdek {iretilir. Cekirdek biiyiidiikce, karistiricinin serbest enerjisi de artar. Ancak cekirdek
boyutu kritik boyuttan biiyiik oldugunda c¢ekirdek kararli olacaktir. Ve kabarcik biiyiimesi miimkiin
olabilir. Bu nedenle, karistirici sicakligi, MPP ve SCF konsantrasyonu ¢ekirdek siirecini ve son ¢ekirdek
yogunlugunu etkiler.

2.3.Kabarcik biiyiimesi

Milyonlarca ¢ekirdek iiretildiginde ve ¢ekirdek kararl oldugunda, kabarcik biiytimesi baglar. Mikserin
SCF konsantrasyonu, kabarciklarin igindeki SCF konsantrasyonundan daha yiiksektir. Konsantrasyon
farkindan dolay1 mikserdeki SCF kabarciklara girer. Ve gaz kabarciklar1 bilyiir. Kabarciklarm igindeki
SCF konsantrasyonu disaridakine esitlenene veya eriyik donana kadar, gaz kabarciklar1 biiyiimeye
devam edecektir. BOylece, son kabarcik morfolojisi SCF konsantrasyonu ve enjeksiyon islemi
parametreleri tarafindan belirlenir.

2.4.Uriin tipleme

Kalip sogumasiyla birlikte, eriyik sicaklig1 azalir ve eriyik donar. Kabarciklar biiylimeyi durdurur ve
parcanin sekli sabitlenir. Yukaridaki mikro hiicresel kopiik enjeksiyon isleminden, mikro hiicresel
kopiik enjeksiyon pargalarmin ozellikleri, parca sekli, polimer tiirii, kalip yapisi, islem parametreleri
gibi geleneksel enjeksiyon islemi kosullarmin yani sira g¢ekirdeklenme islemi ve son kabarcik
morfolojisi tarafindan belirlenir. Bu nedenle, mikro hiicresel kopiik enjeksiyon islemi, geleneksel plastik
enjeksiyona kiyasla farkli karakterlere sahiptir.
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2.5.Mikrohiicresel kopiik enjeksiyon islemi karakteristikleri

SCF'nin polimer eriyigine enjekte edilmesi nedeniyle, polimer eriyiginin viskozitesi, enjeksiyon islem
dongiisii, parga agirligi, mekanik 6zellikler ve yiizey kalitesi vb. iizerinde biiyiik etkisi vardir.

2.5.1. Eriyik viskozitesi

Polimer eriyigi i¢inde ¢oziinen SCF nedeniyle polimer eriyiginin camsi gegis sicaklig diiser. Boylece
polimer viskozitesi azalir ve eriyik akiskanlig1 daha iyi hale gelir. Bu nedenle gerekli enjeksiyon basinct
geleneksel enjeksiyona gore daha diisiiktiir ve enjeksiyon makinesi 6zelliklerine duyulan ihtiyag daha
azdir. Sekil 2-2, SCF'nin PA, PBT eriyik viskozitesi {izerindeki etkisini gostermektedir. Sonuglar, SCF
eklendikten sonra viskozitenin azaldigimi gostermektedir. SCF'nin polimer viskozitesi iizerindeki
etkisinin polimer tiirii ve dolgu maddesi tarafindan belirlendigine dikkat edilmelidir. SCF dolgu
maddesinde ¢oziinemedigi i¢in dolgu maddesi viskozitesini etkilemeyecektir. Bu nedenle, saf polimere
kiyasla, SCF'nin dolgu maddesi igeren polimerin viskozitesi lizerindeki etkisi daha azdr.

2.5.2. Enjeksiyon ¢evrim siiresi

Mikro hiicresel kopiik enjeksiyon teknolojisi ¢evrim siiresini azaltabilir. Bunun baslica nedenleri
sunlardir:

» Kabarciklardaki gaz paketleme basincini saglayabildiginden, paketleme ve tutma asamasi
ortadan kaldirilabilir.

> Uretilen milyonlarca ¢ekirdek ve biiyiiyen kabarciklarin hepsi endotermik reaksiyondur. Bu
sekilde sogutma siiresinden tasarruf edilir.

» Parcgadaki kabarciklar nedeniyle parca agirligr azalir. Sogutma siiresinden de tasarruf edilir.

» Daha diisiik viskozite daha yiiksek doldurma hizi anlamina gelir. Béylece dolum siiresi kisalir.
Genellikle mikro hiicresel kopiik enjeksiyon ile %20~%50 ¢evrim siiresinden tasarruf edilebilir
Sekil 2-3, mikro hiicresel kopiik enjeksiyon islemi ¢evrimi ile geleneksel enjeksiyon arasindaki
karsilastirmay1 gostermektedir.

Sekil 2.2. SCFnin eriyik viskozitesi tizerindeki etkisi [3].

1.2
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Sekil 2.3. Mikrohiicresel kopiik enjeksiyon proses dongiisii ile geleneksel enjeksiyon prosesi
arasindaki karsilagtirma.

Paketleme Sogutma

Doldurma

Klasik
Enjeksiyon
Prosesi

Paketleme

Mikro Hiicresel Doldurma Sogutma

Kopiik
Enjeksiyon
Prosesi " +

2.5.3. Parca agirhg

Pargadaki kabarciklar nedeniyle, polimer acik¢a tasarruf edilebilir. Genellikle parca agirhigi,
mikrohiicresel kopiik enjeksiyon kaliplama islemiyle 0,5 mm kalinlik agirligina kadar azaltilabilir.
Mikrohiicresel kopiik enjeksiyon kaliplama isleminin agirlik azaltimi iizerindeki etkisi Tablo 2.1'de
gosterilmistir.

Tablo 2.1. Mikrohiicresel kopiik isleminin agirlik azaltimina etkisi [4]

Polimer Parga Kalinhgi (mm) Agirhk Azaltma (%)
Polyphenylsulfone 5 50
Ps 1.5 30
Acetal 1.5 15
PET 5 30
TPE 1.5 20
PP (30%Talc) 2.1 25
HDPE 5 60
PC/ABS 21 23
PA 1.2 9
PA(40% Filler) 2 15
PC 7.2 45

2.5.4. Parca mekanik ozellikleri

Onceki arastirmalar, mikrohiicresel kopiik polimerinin parca biikiilme mukavemetinin kat1 polimerle
hemen hemen ayni oldugunu gostermektedir. Bu nedenle, mikrohiicresel kopiik teknolojisi i¢ yap1
parcasim {iretmek i¢in kullanilabilir. Ancak, parca ¢ekme mukavemeti i¢in durum oldukga farklidir.
Cekme 0zelligi verileri, mikrohiicresel kopiiklerin cekme mukavemetinin kopiik yogunluguyla orantili
olarak azaldigin1 gostermektedir. Bu, %50 bagil yogunluklu bir kdpiigiin kat1 polimerin mukavemetinin
%50'sine sahip olmasmin beklenebilecegi anlamma gelir. Parca darbe mukavemeti, polimerden
polimere degisime daha duyarlidir ve sonuglar genellestirilemez. Ancak PVC kopiigiiniin Gardner darbe
mukavemeti deneyi sonuglari, darbe mukavemetinin kopiik yogunluguyla dogrusal olarak azaldigim
gostermektedir. Polimer eklenmis dolgunun darbe mukavemetinin, dolgu olmadan bire bir azaldig1
belirtilmelidir. Bunun baslica nedeni, dolgu o6zelliklerinin ve igerik yiizdesinin par¢a darbe
mukavemetini biiyiik 6l¢iide etkilemesidir. Ve SCF'nin dolgular {izerinde higbir etkisi yoktur. Sekil 2-
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4, kat1 polimer iizerindeki PBT'nin (30% GF) biikiilme mukavemetini, cekme mukavemetini ve darbe

mukavemetini ve farkli agirlik azaltma oranimi gostermektedir. Sonuglar yukaridakilerle hemen hemen
ayni1 kurallar1 sunmaktadir.

Sekil 2.4. Farkli agirlik azaltma oranlarinda PBT mekanik 6zellikleri [4].

100
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I:l %27 Agirhik Azaltma
10 D
20
0
Cekme Dayanimi Egilme Dayanimi Lzod Etkisi
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2.5.5. Yiizey kalitesi

Yukarida da belirtildigi gibi, mikro hiicresel kopiik enjeksiyon iglemi iyi sekillendirilebilirlik ve birgok
avantaj sunar. Ancak yine de SCF nedeniyle, parca yiizey kalitesi geleneksel islemden daha kotiidiir.
Tipik yilizey kusurlart girdap izleri, hare, ylizey kabarmasi, iifleme sonrasi ve biiyiikk yiizey
pliriizliliigiidiir. Bu kusurlar mikro hiicresel kopiik enjeksiyon igleminin uygulama kapsamini ciddi
sekilde sinirlar. Sekil 2.5, mikro hiicresel kdpiik enjeksiyon kaliplama pargalarinin ana yiizey kusurlarini
gostermektedir.

Sekil 2.5. Mikrohiicresel kopiik enjeksiyon kaliplama pargalarmin yiizey kusurlari (a) girdap izi; (b)
hare; (c) ylizey kabarmast; (d) tifleme [5]

(@)

2.5.5.1. Girdap izi

Parga ylizeyindeki oluklar, polimer-SCF karistirici katilagsmaya basladiginda kalip ylizeyinde sikisan
gazdan kaynaklanir. Bu oluklarm sekli akig yonii boyunca incedir ve oluklarin en boy orani, polimer-
SCF karnstirictnin kalip boslugunda doldurma davranisindan kaynaklanan kesme mukavemetinin
boyutunu gosterir. Girdap izleri, sekilleri kivrilmig olan bu oluklardir. Cam gegis sicakligi (amorf
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polimer i¢in) veya eriyik sicakligi (kristalin polimer igin), girdap izi olusumu iizerindeki 6nemli etki
faktorlerinden biridir. Polimer-SCF karistirict kalip bosluguna enjekte edilirken, farkli kalip boslugu
alanlarindaki bir¢ok parametre degisir. Genellikle yollugun yakininda sicaklik daha yiiksektir, polimer-
SCF'nin viskozitesi daha kiiciiktiir ve eriyik mukavemeti daha disiiktiir. Bu nedenle yollugun
yakinindaki gazin karistirici yilizeyine yayilmasi kolaydir ve ylizey yakimindaki kabarciklar kolayca
parcalanir.

2.5.5.2. Hare

Hare, giines 1s18inda glimiis parlakligi gosteren bir kusurdur. Mikrohiicresel kopiik enjeksiyon
parcalarinin giimiis ¢izgisi iki farkl gdriiniim gosterir. Sinir1 bir iplige benzedigi i¢in giimiis iplik olarak
da adlandirilir. Bu kusur, eriyik yiizeyindeki kirik kabarciklardan kaynaklanir. Digeri, akis yoniine
paralel bir serit gibi goriindiigii icin giimiis serit olarak adlandirilir. Yiizeye yakin olan kabarciklarin
kayma deformasyonudur. Farkli kabarcik boyutlari nedeniyle, giimiis ipliklerin derinligi farklidir ve
ardindan parcalarin yiizey piriizliligii farklidir. Girdap izleriyle karsilastirildiginda, giimiis iplikler
daha biiyiik ylizey puriizliiliigiine neden olur.

2.5.5.3. Yiizey kabarcigi

Birgok kiigiik kabarcik parganin ince duvar yerinde birlestiginde, ana parca govdesinden ayr1 ince bir
polimer tabakasi olusturur. Bu olguya yiizey kabarcigi denir. Yiizey kabarcigi biiyiik olasilikla POM
gibi dolgu maddesi igermeyen kristalin polimerden yapilmus parcalarda goriiliir. Yiizey kabarcigi,
mikrohiicresel kopiik enjeksiyon proses parametrelerini ayarlayarak ve kalip tasarimim iyilestirerek
ortadan kaldirilabilir.

2.5.5.4. Ufleme

Ufleme i¢ kabarmaya benzer ve daima sicak noktalarn oldugu yerde ortaya ¢ikar. Darbe sonras1 kusur,
asagidaki iki faktérden kaynaklanir. Birincisi, sicak noktalarda sogutmanin yeterli olmamasidir; digeri,
yiiksek SCF konsantrasyonu nedeniyle bazi belirli kabarciklara ¢ok fazla gaz girmesi ve bazi biiyiik
boyutlu kabarciklar olusturmasidir. Kabarciklarin igindeki basing disaridakinden daha yiiksek
oldugunda, darbe sonrasi meydana gelir. Bu nedenle, bu kusuru ortadan kaldirmanin yontemi, sicak
noktalardaki sogutmay1 artirmak ve SCF konsantrasyonunu ayarlamak.

2.5.5.5. Yiizey piiriizliiliigii

Yukaridaki ciddi kusurlara ek olarak, yiizey piiriizliliigli, mikro hiicresel kopiik enjeksiyon kaliplama
isleminin uygulama kapsamini sinirlayan baska bir sorundur. Kabarciklar biiyiirken, yiizeye yakin bazi
kiiclik kabarciklar pargalanir ve polimer-SCF karistiric katilagsmaya basladiginda gaz kalip yiizeyinde
hapsolur. Bu nedenle, mikro hiicresel kopiik enjeksiyon pargalarinin yiizey piriizliligi, geleneksel
enjeksiyon parcalarindan daha yiiksektir.

3. SONUC

Bu boliimde, mikrohiicresel kopiik enjeksiyon iglemi tanitilmaktadir. Mikrohiicresel kopiik enjeksiyon
igsleminin karakterlerinin analizine dayanarak, cekirdeklenme teorisi ve kabarcik biiyiime modeli
aciklanmaktadir. Daha sonra, islem parametrelerinin hiicre morfolojisi tizerindeki etkisi ayrintili olarak
incelenmektedir. Son olarak, mikrohiicresel kopiik enjeksiyon kaliplama isleminin parca yiizey kusurlari
tanitilmaktadir.
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Kanhca Mantarimin Mikrodalga Kurutma Yontemiyle Kuruma Kinetiginin
Degerlendirilmesi
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Ozet: Kesfedilen tiim tiirlerin %l'inden azini olusturan yenilebilir mantarlar, proteinler, karbonhidratlar, lif,
doymamis yag asitleri, vitaminler ve mineraller de dahil olmak iizere zengin besin icerikleriyle degerlidir.
Tiirkiye'nin ¢esitli mantar florasi, Karabiik, Bolu, Sinop ve Bursa gibi ormanlik bolgelerde igne yaprakl agaglarin
altinda yaygin olarak bulunan, asidik ve kire¢li topraklarda gelisen Kanlica mantarlarini igerir. Hasattan sonra
mantarlar morfolojik ve renk degisikliklerine ugrar, soguk depolama yaygin ancak yiiksek enerji tiiketimi
nedeniyle maliyetli bir muhafaza yontemidir. Bu nedenle, uzun raf 6mrii ile diisiik enerji maliyetlerini dengeleyen
verimli depolama tekniklerinin segilmesi ¢ok onemlidir. Mikrodalga kurutma, dogrudan su molekiillerini
hedefleyerek modern bir alternatif sunar ve kaliteyi korurken kurutma siiresini énemli dlgiide azaltir. Bu
¢alismada, mikrodalga ¢ikis giiclerinin (180, 360, 540, 720 ve 900 W) farkli kalinliktaki (0,5 cm ve 1 cm) mantar
orneklerinin nem igerigi, nem oram ve kuruma siiresi tizerindeki etkileri arastirimigtir. Kurutma deneyleri igin ev
tipi bir mikrodalga firin kullanilmistir. Baslangi¢ nem icerigini belirlemek igin, ornekler 24 saat boyunca firinda
kurutulmug ve 11,90 g su/g kuru baz baslangic nem icerigi elde edilmistir. Kurutma isleminin ardindan,
numunelerin nem igerigi, nem orani, zamana karsi kuruma orant mikrodalga ¢ikis giiclerine karsi belirlenmigtir.
Ayrica, proses kosullarina bagh olarak matematiksel modeller de gelistirilmigtir.

Anahtar Kelimeler: Kanlica Mantari, Mikrodalga Kurutma, Kurutma Kinetigi, Nem Icerigi
Evaluation of Drying Kinetics of Kanlica Mushroom by Microwave Drying Method

Abstract: Edible mushrooms, comprising less than 1% of all discovered species, are valued for their rich
nutritional content, including proteins, carbohydrates, fiber, unsaturated fatty acids, vitamins, and minerals.
Turkey’s diverse mushroom flora includes Kanlica mushrooms, which thrive in acidic and calcareous soils,
commonly found under coniferous trees in forested regions such as Karabuk, Bolu, Sinop, and Bursa. After
harvesting, mushrooms undergo morphological and color changes, with cold storage being a common but costly
preservation method due to high energy consumption. Therefore, selecting efficient storage techniques that
balance extended shelf life with reduced energy costs is essential. Microwave drying offers a modern alternative
by directly targeting water molecules, significantly reducing drying time while preserving quality. In the present
study, the effects of microwave output powers (180, 360, 540, 720, and 900 W) on moisture content, moisture ratio
and drying time of mushroom samples at different thickness (0.5 cm and 1 cm) were investigated. A domestic
microwave oven was used for the drying experiments. To determine initial moisture content, samples were oven-
dried for 24 hours, yielding an initial moisture content of 11.90 g water/g dry base. Following the drying process,
the moisture content of the samples, moisture ratio, drying rate against time were determined versus microwave
output powers. Moreover, the mathematical models depending on process conditions were also developed.

Keywords: Kanlica Mushroom, Microwave Drying, Drying Kinetics, Moisture Content

Edible mushrooms, comprising less than 1% of all discovered species, are valued for their rich
nutritional content, including proteins, carbohydrates, fiber, unsaturated fatty acids, vitamins, and
minerals [1]. Turkey’s diverse mushroom flora includes Kanlica mushrooms, which thrive in acidic and
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calcareous soils, commonly found under coniferous trees in forested regions such as Karabiik, Bolu,
Sinop, and Bursa [2]. After harvesting, mushrooms undergo morphological and color changes, with cold
storage being a common but costly preservation method due to high energy consumption. Therefore,
selecting efficient storage techniques that balance extended shelf life with reduced energy costs is
essential [3]. Microwave drying offers a modern alternative by directly targeting water molecules,
significantly reducing drying time while preserving quality.

In the present study, the effects of microwave output powers (180, 360, 540, 720, and 900 W) on
moisture content, moisture ratio and drying time of mushroom samples at different thickness (0.5 cm
and 1 cm) were investigated. A domestic microwave oven was used for the drying experiments. To
determine initial moisture content, samples were oven-dried for 24 hours, yielding an initial moisture
content of 11.90 g water/g dry base. Following the drying process, the moisture content of the samples,
moisture ratio, drying rate against time were determined versus microwave output powers. Moreover,
the mathematical models depending on process conditions were also developed.

Keywords: Kanlica mushroom, microwave drying, drying kinetics, moisture content
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Ticari Hiicrelerden Olusan Bir Lityum-Iyon Batarya Modiilii icin Hava Sogutmah
Termal Yonetim Sisteminin Tasarimi ve Analizi
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Ozet: Son yillarda, elektrikli araglarin (EA'lar) sayist diinya ¢apinda énemli élciide artmistir. Bu biiyiime, bu
araglar i¢in birincil enerji kaynagini olusturan batarya teknolojilerindeki ilerlemeleri hizlandirmustir. Lityum-iyon
bataryalar (LiB'ler), yiiksek enerji yogunlugu, uzun ¢evrim omrii ve hizli sarj kapasitesi nedeniyle EA'larda tercih
edilmektedir. Bu avantajlara ragmen, LiB'ler sicakliga karsi olduk¢a hassastir. Bu nedenle, etkili bir batarya
termal yonetim sistemi (BTYS), performansin optimize edilmesinin yani swra giivenligin saglanmast i¢in de
gereklidir. Bu ¢alisma, hava sogutmali bir BTYS kullanarak 3S2P batarya modiiliinii optimum sicaklk araliginda
tutmayr amaglamaktadir ve farkl desarj hizlarinda yapilan testlerle degerlendirilmistir. Modiil, LG Chem
INRI18650 ticari hiicrelerden olusturulmustur. Batarya modiilii, pleksiglas malzemeden yapilmis bir kabine
verlestirilmis ve 1C ve 2C desarj kosullarmda hava ile sogutulmaya ¢alisilmistir. Bataryalarin yerlestirildigi
kabin, 90 x 90 x 300 mm dis boyutlarina sahip dikdortgen sekilli ve 3 mm duvar kalinlhiginda bir yapiya sahiptir.
Kabinin giris ve ¢ikis kisimlarina, ayni eksende yerlestirilmis ve ayni yone bakan iki ayni fan takilmistir, bu da
batarya tarafindan desarj sirasinda iiretilen 1simn  verimli bir sekilde uzaklastirilmasint  saglamayi
amac¢lamaktadir. Yapilan testler sonucunda, en yiiksek hiicre sicakhigr 1C desarj hzinda 38.616 °C, 2C desarj
hizinda ise 51.177 °C olmugtur. Sogutma sistemi devreye alindiginda, 1C'de en yiiksek hiicre sicakligi degerlerinde
%17.31, 2C'de ise %23.45'lik bir azalma saglanmustir.

Anahtar Kelimeler: Elektrikli Ara¢lar, Lityum-Iyon Batarya, Batarya Termal Yonetim Sistemi

Design and Analysis of An Air-Cooled Thermal Management System for a Lithium-lon Battery Module
Using Commercial Cells

Abstract: In recent years, the number of electric vehicles (EVs) has increased significantly worldwide. This growth
has accelerated advancements in battery technologies since they serve as the primary energy source for these
vehicles. Lithium-ion batteries (LiBs) are preferred in EVs due to their high energy density, long cycle life, and
fast charging capability. Despite these advantages, LiBs are highly sensitive to temperature. Therefore, effective
battery thermal management system (BTMS) is essential not only for optimizing performance but also for ensuring
safety. This study aims to maintain a 3S2P battery module within the optimal temperature range using an air-
cooled BTMS, with tests conducted at different discharge rates. Module is built with LG Chem INR18650
commercial cells. The battery module has been placed inside a cabin made of plexiglas and has been attempted to
be cooled with air under 1C and 2C discharge conditions. The cabin, in which the batteries are placed, has
external dimensions of 90 x 90 x 300 mm with a rectangular shape and a wall thickness of 3 mm. Two identical
fans are installed at the inlet and outlet of the cabin along the same axis, facing the same direction to enhance the
efficient removal of heat generated by the battery during discharge. As a result of the tests, the highest cell
temperature was 38.616 °C at 1C discharge rate, and 51.177 °C at 2C discharge rate. With the activation of the
cooling system, a reduction of 17.31% at 1C and 23.45% at 2C in the highest cell temperature values has been
achieved.

Keywords: Electric Vehicle, Lithium-lon Battery, Battery Thermal Management System
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1. INTRODUCTION

Vehicle electrification in transportation has recently accelerated due to the requirement for sustainable
development. The primary reasons for the decreasing interest in internal combustion engines (ICEs)
powered by conventional fuels are environmental concerns and the imminent threat of fossil fuel
depletion in the near future. Electric vehicles (EVs) have the immense potential to replace ICEs in
addressing environmental impacts and long-term human health issues. They are considered zero-
emission vehicles, contributing to a sustainable and clean future (Dong et al., 2019).

Certainly, the most important component of EVs is the batteries, which store the energy required to
move the vehicle. The distinguishing features such as high energy capacity, long lifespan, low self-
discharge rate, fast charging characteristics, and high reliability place lithium-ion batteries (LiBs) a step
ahead compared to other batteries (Laadjal and Cardoso, 2021; Hua et al., 2021). With their outstanding
properties, LiBs have become a vital component, especially for portable electronics and EVs as
secondary battery technology. In recent years, demand for LiBs has significantly been boosted parallel
to the increasing interest in EVs and hybrid EVs.

The efficient functioning, longevity, and safety of a LiB are greatly affected by the storage and operating
temperature as well as environmental conditions. Optimal working temperature range of LiBs is stated
as 15-35 °C (Sun et al., 2023). LiBs generate heat due to chemical reactions that take place during the
working period and there is a performance limitation for LiBs due to internal heat generation. Heat
generation may not only create performance but also safety-related problems if an efficient battery
thermal management system (BTMS) is not used (Wang et al., 2019; Tete et al., 2021). Therefore,
utilization of a suitable BTMS to prevent unfavorable aforementioned problems is crucial.

In this study, an air-cooled BTMS was designed to keep a 3S2P LiB module within the optimal
temperature range under different discharge rates. The module, built with LG Chem INR18650 cells,
was placed inside a Plexiglas cabin and tested under 1C and 2C discharge conditions. Two axial fans
were used to enhance heat dissipation.

2. MATERIALS AND METHODS

The technical details of the battery cells used are provided in Table 1. As shown in the following Figure
1, the cells were placed into a battery holder produced using a 3D printer and spot-welded to form a
module in a 3S2P configuration.

Table 1. Specification of LG Chem INR18650 Cell

Nominal capacity : 2,850 mAh
Nominal voltage : 3.67V
Nominal energy : 10.5Wh

Method . Cc-cv
. Charging voltage C 42V
Charging : Charging current . 05C (1,375
mA)
Cut-off current . 50 mA
Method . CC
Discharging Discharging current (()éggmA)
Cut-off voltage . 25V

6,000 mA (for continuous discharge)
:  10,000mA (not for continuous discharge)
Operating Temperature, : -30~ 60 °C (Cut-off Temp. 70°C)
Discharge
Weight : 45¢g

Max. Discharge Current
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Figure 1. 3S2P Battery Module

The battery module was enclosed in a Plexiglas cabin and subjected to air cooling under 1C and 2C
discharge conditions. The cabin housing the batteries has a rectangular shape with external dimensions
of 90 x 90 x 300 mm and a wall thickness of 3 mm. Two identical fans are positioned at the inlet and
outlet of the cabin along the same axis. Technical details of fans are supplied in Table 2.

Table 2. Specifications of Fans

Brand : Marxlow

Operating . 12v DC

voltage

Current . 0.15A

RPM : 3000 rpm

Airflow . 37.5CFM

Dimensions D 92x92x25
mm

Fans face the same direction to enhance the efficient dissipation of heat generated by the battery during
discharge conditions. The module has been placed in the center of the cabin, and the positive and
negative terminal connections have been made as illustrated in Figure 2.

Figure 2. Module Located Cabin

1

Tests were performed in the experimental test rig shown in Figure 3. The charging and discharging
devices are integrated into the system and controlled via PLC. After entering the module configuration
information, the desired charging and discharging currents are set with the use of the screen, and the
currents are cut off automatically when the charging and discharging voltages are reached.
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The charging process was carried out at the charging current recommended in the battery datasheet,
taking into account the module configuration with GW Instek PSU 100-15 programmable DC power
supply (rated output of 100V, 15A, and 1500 W). This process is performed before each discharge tests
to ensure that the module reaches the charging voltage.

Figure 3. Experimental Test Rig | 154

The discharge rate refers to how quickly a battery can consume its stored energy over a given period. It
is commonly expressed as the C-rate. For example, a battery discharges its full capacity in 1 hour at 1C,
while it discharges in 30 minutes at 2C, theoretically.

In this study, the module was discharged at 1C and 2C discharge rates by considering the nominal current
value of battery cell and module arrangement. Simultaneously, the cell temperatures were monitored via
thermocouples. Discharging processes was realized with Heliocentris EL 1500 electronic load which
has rated output of 75V, 100A, and 1500 W. On the other hand, Pico T type thermocouple and Pico TC-
08 thermocouple datalogger were used to measure and save temperature data.

3. RESULTS AND DISCUSSIONS

Figures 4 and Figure 5 illustrate the thermal behavior of six battery cells (C1-C6) in the module under
a 1C discharge rate, with and without air cooling, respectively. Besides that, Figure 6 and Figure 7
present the corresponding thermal characteristics under a 2C discharge rate.



/

-

UBAK

/

22" UBAK, 08 - 09 March 2025, Ankara O
UBAK

Figure 4. Thermal Characteristic Under 1C Discharge Rate
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Figure 5. Thermal Characteristic Under 1C Discharge Rate with Air Cooling
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Figure 6. Thermal Characteristic Under 2C Discharge Rate
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Figure 7. Thermal Characteristic Under 2C Discharge Rate with Air Cooling
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Figure 8 clearly demonstrates that activating the air-cooling system significantly reduced temperature
differences among the battery cells, indicating improved thermal homogenization within the module.

Figure 8. Variation of Maximum AT Variations During Tests
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The numerical results demonstrate a clear effectiveness of 1C-cooled and 2C-cooled conditions in
reducing both the Tmax and the AT. Each condition resulted in a notable decrease in both metrics when
compared to their respective baselines. Specifically, 2C-cooled exhibited a more substantial reduction,
achieving a 23.45% decrease in Tmaxand a 58.25% decrease in AT, compared to 1C-cooled's 17.31%
and 47.48% reductions. This confirms the efficiency of both cooling methods in thermal management.
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Table 3. Test Results
Condition  Tmax (°C) Decrement (%) AT (°C) Decrement (%)

1C 38.616 3.972

1C-cooled  31.933 17.31 2.086 47.48
2C 51.177 9.965

2C-cooled  39.177 23.45 4.16 58.25

4. CONCLUSIONS

In this study, it has been observed that the BTMS successfully performs its function by both reducing
the maximum temperature values and keeping the cell-to-cell variations within the optimal range.
However, due to the low heat transfer coefficient of air cooling, it may not be sufficient for high-power
battery applications, and temperature distribution must be well controlled. In systems operating at high
temperatures, efficiency can be improved with additional fans or optimized air channels.
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Ozet: Kaucuk polimerlerine dolgu ve katki malzemeleri eklendikten sonra karisim vulkanize edilerek polimer
zincirleri arasinda ¢apraz baglar olusturulur. Béylece malzeme istenilen mekanik ve fiziksel ozellikleri kazanir.
EPDM kauguk, yiiksek dolgu alma kapasitesine sahip olup, ozon, oksidasyon, st ve hava kosullarina karst
miikemmel direnci sayesinde acik hava ve yiiksek sicaklik uygulamalarinda tercih edilmektedir. EPDM’ in
vulkanizasyonunda genellikle peroksit veya kiikiirt kullanilir. Ancak bis (a, a-dimetilbenzil) peroksit, "Cok Yiiksek
Onem Arz Eden Maddeler" (SVHC) aday listesine eklendiginden, bu ¢alismada peroksite alternatif olarak kiikiirt-
koajan bilesimiyle vulkanize edilen EPDM karisumlarin mekanik ézellikleri ve yiiksek sicaklik dayanimlar
arastirilnusgtir. Calisma  kapsaminda,; peroksit, kiikiirt ve kiikiirt-koajan iceren ii¢ farkli EPDM regetesi
hazirlanmustir. Hepsinde reometre, sertlik, ¢ekme mukavemeti, kopma uzamasi, ywrtilma mukavemeti ve farkl
sicakliklarda yaslandirma testleri gerceklestirilmistir. Reometre sonuglar, kiikiirt ve kiikiirt-koajan bilesimlerinin
benzer pisme siiresi gosterse de bu karigimin en yiiksek MH (Maksimum tork) degerine ulasarak ¢apraz bag
yogunlugunun arttigint ve bu durumun mekanik ozellikleri iyilestirdigini gostermistir. Mekanik test sonuglarina
gore kiikiirt-koajan karisimi kopma uzamasinda en yiiksek degeri gostermis, diger mekanik 6zelliklerde ise belirgin
bir tistiinliik gostermeyip dengeli bir performans sergilemistir. Yaslandirma testleri sonucunda, kiikiirt-koajan
karigiminin 120°C ve 150°C de peroksit kadar dayanikli olmadigi ancak kiikiirt ile karsilastirildiginda 120°C’ de
mekanik ozelliklerde daha az degisme gosterdigi belirlenmistir.

Anahtar Kelimeler: Koajanlar, Pisirici Sistemler, Epdm Kauguk, Mekanik Ozellikler
Analysing the Effect of Co-Agents and Curing Systems On the Aging Performance of EPDM Rubbers

Abstract: After adding fillers and additives to rubber polymers, the mixture is vulcanised and cross-links are
formed between polymer chains. Thus, the material gains the desired mechanical and physical properties. EPDM
rubber has a high filling capacity and is preferred in outdoor and high temperature applications due to its excellent
resistance to ozone, oxidation, heat and weather conditions. Peroxide or sulphur is generally used in the
vulcanisation of EPDM. However, since bis (o, a-dimethylbenzyl) peroxide has been added to the candidate list
of ‘Substances of Very High Concern’ (SVHC), this study investigated the mechanical properties and high
temperature resistance of EPDM compounds vulcanised with sulphur-coagulant composition as an alternative to
peroxide. Within the scope of the study; three different EPDM recipes containing peroxide, sulphur and sulphur-
coagulant were prepared. Rheometer, hardness, tensile strength, elongation at break, tear strength and ageing
tests at different temperatures were carried out on all of them. The rheometer results showed that although sulfur
and sulfur-coagulant compositions showed similar curing time, this mixture reached the highest MH (Maximum
torque) value and increased the crosslink density, which improved the mechanical properties. According to the
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mechanical test results, the sulphur-coagane compound showed the highest value in elongation at break, while it
did not show a significant superiority in other mechanical properties and exhibited a balanced performance. As a
result of the ageing tests, it was determined that the sulphur-coagane compound was not as durable as peroxide
at 120°C and 150°C, but showed less change in mechanical properties at 120°C compared to sulphur.

Keywords: Co-Agents, Curing Systems, Epdm Rubber, Mechanical Properties

1.GIRIS

Kaucguk, giiniimiiz endiistrisinde olduk¢a genis bir yelpazeye sahip olup temelde iki grupta ele
alinmaktadir. Dogal kauguk, hevea brasiliensis agacinin 6zsuyunun (lateks) pihtilastirilmasi ile elde
edilirken; suni kauguk, petrol ya da diger minerallerin sentezlenmesi ile iiretilmektedir. Kauguk
malzemenin sahip oldugu yiiksek esnekligi en dnemli 6zelligi olup bunun disinda; su gecirmezligi,
kimyasal dayanimi ve yalitimima ek olarak farkli yontemler ile elde edilen yag ve yiiksek sicaklik
dayanimi sayesinde ¢ok genis bir kullanim alanina sahiptir. Bunlar1 basta otomotiv sanayi olmak iizere,
ayakkabilar, endiistriyel tiriinler, tiiketim mallari, elektrik ve elektronik iirtinleri, medikal tiriinleri, yap1
veya ingaat malzemeleri ve tiiketici tirlinleri olarak simflandirabiliriz (Vahapoglu, 2013).

Biiyiik bir deformasyon sonrasi saf halde seklini koruyamayan bu elastomerler, yiiksek plastik 6zellik
sergiler. Fiziksel, kimyasal, mekanik ve termal agidan yetersiz olan 6zelliklerini iyilestirip ticari olarak
kullanilabilir hale getirmek igin oncelikle karigtim hamuru hazirlanir. Bu hamur, temel girdi olan
polimere dolgu maddeleri, yumusaticilar, aktivatorler, hizlandiricilar, proses yardimeilar: ve yaslanma
onleyiciler eklenerek elde edilir.

Ticari olarak recete diye de adlandirilan hamur formiilasyonlar1 belirli sicaklik, basing ve stire altinda
kiikiirt, peroksit veya diger vulkanizasyon ajanlar1 vasitasiyla vulkanizasyon islemine tabii tutulur.
Bunun sonucunda olusan g¢apraz bag yapisi, kaugugun geri doniisiimii miimkiin olmayan, yiliksek
clastikiyet ve dayaniklilik 6zellikleri kazanmasini saglar. Bu yapi, kaugugun daha giiclii, esnek ve uzun
Omiirlii olmasina yardimei olurken, ayni zamanda mukavemetini artirir ve asinma direncini énemli
Olgiide iyilestirir. Boylece vulkanize kauguk hem fiziksel hem de mekanik a¢idan iistiin 6zellikler
sergileyerek, zorlu kosullarda bile uzun siireli kullanim saglama kapasitesine ulasir. Bu sebeple kauguk
tirtinlerde vulkanizasyon oldukga kritik bir prosestir (Dengiz Oral, 2014).

EPDM (Etilen Propilen Dien Monomer) kaugugu, sentetik kaucuklar arasinda 6nemli bir yer tutar.
Ozellikle yiiksek elastikiyeti, miikemmel ozon, hava, 1s1 ve kimyasal dayaniklih@: ile bilinir. Bu
ozellikler, onu zorlu hava kosullarma ve cevresel etkilere maruz kalan uygulamalarda ideal bir malzeme
haline getirir. Orta ve yiliksek voltajli kablo kiliflari, otomotiv radyatdr hortumlari, cati kaplamalari,
contalar, golet astarlari, bahge ve ev aletleri hortumu ve lastik yan duvarlarinda ozon karsi daha fazla
direng saglamak amaciyla dogal kaucuk (NR) ile karistirilarak kullamilmaktadir (Ketikis vd., 2023).
EPDM'in bir diger avantaji, oldukca diisiik sicakliklarda bile esnekligini kaybetmemesidir, bu da onu
soguk iklim kosullarinda tercih edilen bir malzeme yapar. Vulkanizasyon islemi sonrasinda kazandigi
capraz bag yapisi sayesinde, yliksek elastikiyet ve dayanikliligini korur. Bu nedenle, uzun siireli
dayaniklilik ve performans gerektiren uygulamalarda siklikla kullanilir (Popa, 2011).

Peroksit vulkanizasyonun olusturulan c¢apraz baglardaki karbon-karbon baglari, kiikiirt
vulkanizasyonunda olusan karbon-kiikiirt-karbon baglarindan daha kararlidir. Bu nedenle, peroksit ile
yapilan kiirlenme islemleri genellikle kaucuk iiriinlere kiikiirt kiirlenmeye kiyasla {istiin yaglanma
ozellikleri kazandirir (Bakiler, 2012). Bunun yani sira, 1stya dayamklihg: iyilestirilir, boylece st
sicaklik limitleri biraz daha yukar1 ¢ekilebilir veya 6mrii uzatilabilir. Buna bagli olarak daha yiiksek
1stya dayanikl yaslanma direnci saglanir (Ciesielski, 1999). Bu sebeple EPDM'nin yiiksek sicakliklara
kars1 dayanimini artirmak i¢in peroksit vulkanizasyonu siklikla tercih edilir.

Bu caligmada, peroksit vulkanizasyonuna alternatif olarak tasarlanan kiikiirt ve koajan bilesiginin,
EPDM kaucugun mekanik ozellikleri ve yaglandirma sonrasindaki etkileri incelenecektir. Bu konuya
iligkin gerceklestirilen literatiir taramasi sonucunda cesitli caligmalara ulasilmstir.

(Abtahi vd., 2006) calismasinda, TAC'n (triallil siyaniirat) silika dolgulu EPDM kaugugunun kiirleme
ozellikleri ve mekanik performansi tizerindeki etkileri incelenmistir. Silika, scorch zamanin1 artirirken
optimum kiir zamanim diistirmiistiir. TAC eklenmesiyle scorch zamani denetlenip islem giivenligi
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saglanmis, kiirleme verimliligi artirilmistir. TAC, daha etkili capraz bag yapilar1 olusturmus ve mekanik
ozelliklerde iyilesme saglamistir. TAC igeren formiilasyonlarda, TAC miktarinin artisiyla gekme
dayanimi, ¢apraz bag yogunlugu, sertlik ve aginma direnci artarken kopma uzamasi azalmistir. En iyi
performans, 1.8 phr TAC iceren formiilasyonda elde edilmistir.

(Cavdar vd., 2009) calismasinda, dort farkl tipte EPDM kaugugunun peroksitler (dimetilbenzilperoksit
(DMBPHa) ve benzilbenzenperoksit (BBPIB)) ve koajanlarla (trimetilolpropantrimetakrilat
(TMPTMA) ve triallyl siyaniirat/Siilfir (TAC/S)) kombinasyonlar1 altinda mekanik, vulkametrik ve
termal oOzellikleri incelenmigtir. BBPIB ve TAC/S ile vulkanize edilen EPDM' nin 6n kiirleme siiresi
daha kisa, ancak kiirlenme siiresi daha uzun bulunmustur. Capraz bag yogunlugu peroksit igerigi arttik¢a
artmis, ENB (etiliden norbornen) igerigi %7,5 oldugunda mekanik &zelliklerde maksimum iyilesme
saglanmig ve kopma dayanimi en iyi sonuglari vermistir. Ancak, peroksit miktarinin artisi kopma
uzamasini azaltmistir. Aromatik peroksit (BBPIB) ve TAC/S koaktif kullanimi, termal stabiliteyi
artirmig ve kiitle kaybin1 azaltmistir. %7,5 ENB igerigi ile BBPIB ve TAC/S kombinasyonu hem
mekanik hem de termal performans agisindan en uygun sonuglar1 vermistir.

(Oral, 2019) ¢aligmasinda, ligninin NBR kaugugunda koajan olarak kullaniminin reolojik ve dinamik
ozellikler iizerindeki etkisi incelenmistir. Lignin, vulkanizasyon hizin1 degistirmeden pisme derecesini
artirmis ve ¢apraz bag yogunlugunu énemli 6lgiide yiikseltmistir. Diisiik konsantrasyonlarda (0,5 ve 1
phr) lignin, en etkili sonuglar1 vermistir; ancak 1 phr'nin tizerindeki lignin ilavesi, aktivasyon enerjisini
diistirmistiir. Ayrica, lignin varliginda monosilfidik ve disiilfidik baglar olusmus, bu da malzemenin
1s1l yaslanma direncini artirmistir. Sonug olarak, lignin, NBR vulkanizasyonunda mekanik ve termal
ozellikleri iyilestiren etkili bir koajan olarak éne ¢ikmustir.

(F. Giiler, 2019) c¢alismasinda, polietilen (PE) nin diisik erime noktasinin olumsuz etkilerini
iyilestirmek ve ¢apraz baglanma verimliligini artirmak i¢in {i¢ farkli koajan (triklorosilanli Akrilat
(TAIC), trimetilolpropantrimetakrilat (TMPTMA), ve benzilperoksit akrilat dimetil (BPADM))
kullanilmistir. Reometre testlerinde, TAIC ve TMPTMA koajanlari, PE karisimlarinda ¢apraz baglanma
yogunlugunu artirarak elastikligi gelistirmistir. Termal testlerde ise TAIC, daha yiiksek termal dayanim
saglamustir. TAIC, PE zincirleri arasinda rijit kopriiler kurarak mekanik o6zellikleri en ¢ok iyilestiren
koajan olmustur. Cekme testlerinde, TAIC ve TMPTMA dayanimi artirirken, BPADM igeren
karigimlarda dayanim diismiistiir. SEM analizleri, TAIC ve TMPTMA' nin karisimda homojen
dagildigini, ancak BPADM’ nin uyumsuzluk olusturdugunu gostermistir. Sonu¢ olarak, TAIC ve
TMPTMA' nin BPADM' ye gore capraz baglanmayi daha etkili gelistirdigi belirlenmistir.

(Zou vd., 2020) ¢alismasinda, peroksit kiirleme sistemine kiikiirdiin yardimc1 ajan olarak eklenmesinin
EPDM kaucugunun mekanik, dinamik ve yorulma performansi iizerindeki etkileri incelenmistir.
Deneyler, 175°C sicaklikta ve 2 mm kalinliginda numunelerle yapilmistir. Sonuglar, kiikdirt
kullanilmayan numunelerde peroksit miktarmin artistyla kiirlenme siiresinin ve yanma siiresinin
azaldigini, ancak kiikiirt kullanildiginda peroksit kiirleme hizinin yavasladigini gostermistir. Kiikdirt,
capraz baglanma yogunlugunu azaltarak polikiikiirt baglari olusturmus ve EPDM' nin ag yapisin1 daha
karmasik hale getirmistir. Yiiksek sicakliklarda (150°C) kiikiirt, cekme dayanimini azaltirken kopma
dayanimini artirmis, ¢iinkii uzun ve esnek polikiikiirt baglari segment hareketliligini artirmistir. Dinamik
yorgunluk dayanimui ise kayip faktoriindeki degisimle analiz edilmistir ve yorulma davraniginin peroksit
dozajina bagli oldugu goriilmiistiir. Bu calisma, kiikiirdiin yalmzca yardimci bir ajan degil, ayni
zamanda EPDM' nin yiiksek sicaklik performansini iyilestiren bir malzeme oldugunu ortaya koymus,
ozellikle otomotiv endiistrisi i¢in daha genis kullanim alanlar1 saglamistir.

Peroksit vulkanizasyonu ile ftretilen vulkanizatlarin mekanik O6zellikleri, genellikle kiikiirt esash
sistemlerle pisirilen vulkanizatlara kiyasla daha disiiktiir. Polimerlerin mekanik o6zelliklerini
iyilestirmek, ¢apraz baglanma siirecinin verimliligini artrmak ve daha dayanikl iriinler elde etmek,
kullamlan peroksit tipi ve miktarmin yam sira, ¢capraz baglanmay1 destekleyip gili¢lendirerek polimer
aglarmin yapisal biitlinligiinii artiran ilave koajan kullamimi ile miimkiindiir (Akdeniz, 2003). Bu
sebeple gerceklestirilen literatiir taramalarinda ¢cogunlukla peroksit ve koajan bilesimi kullanip koajan
miktar1 ya da tiiriiniin kauguk malzeme iizerindeki etkileri degerlendirilmistir. Ancak bu ¢alismada,
peroksit yerine kiikiirt ve koajan bilesimi kullanilarak EPDM kauguk iizerindeki pisirmenin ve koajanin
etkileri incelenmis. Reometre ve fizikomekanik testler yapilarak elde edilen sonuglar karsilastirilmigtir.
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2. MATERYAL VE YONTEM

Bu ¢aligma kapsaminda deneysel ¢aligmalarda kullanilacak 3 farkli kaucuk recgetesine ait malzemeler,
Angst+Pfister Gelismis Teknik Coziimler A.S.’nin uzman kadrosu ve teknik altyapisi tarafindan
belirlenmis ve bu siiregte uygun formiilasyon kriterleri esas almmistir. Gerekli malzemeler
belirlendikten sonra, tedarik¢i firmalar arastirilarak malzemelerin temini saglanmistir. EPDM 1° den
EPDM 3’ e kadar toplamda 3 farkl icerige sahip EPDM kauguk iceren hamurlarin regeteleri phr (parts
per hundred rubber) olarak detayl bir sekilde Cizelge 2.1 de gosterilmistir. Geleneksel formiilasyonlar
esas almarak kiikiirt iceren EPDM 2 ve peroksit ile koajan igeren EPDM 3 regeteleri hazirlanmustir.
EPDM 1 ise, kauguk matrisinde koajanin kiikiirt ile birlesiminin olusturdugu etkileri daha iyi analiz
edebilmek ve EPDM 2 ile EPDM 3 receteleriyle karsilagtirmali degerlendirmeler yapabilmek amaciyla
Ozel olarak tasarlanmustir.

Cizelge 2.1: Hazirlanan EPDM kauguk formiilleri

EPDM kauguk kansim formulasyonlan (phr)
Malzeme Genel Tanimi (Galismada Kullanilan Malzemeler EPDM1 EPDM2 EPDM3
Kauguk EPDM 3110M 100 100 100
Karbon Siyahi FEF N 550 50 50 50
L CINKO OKSIT 4 4 4
Aktivator
STEARIK ASIT 1 1 1
o VULKANOX ZMB2/C-5 3 3 3
Antioksidan
ALCHME MBPA(NAUGARD 445) 2 2 2
TMTD-80 1 1
Hizlandirnici ZDBC-80 3 3
DTDM-80 2 2
Kukurt 5-80 1 1
Koajan TAC 50 1,5 1,5 -
Peroksit PERKADOX 14-40 - 3

EPDM karisimlari, test plakalari ve butonlarin iiretim siirecleri ise Angst+Pfister Gelismis Teknik
Cozimler A.S.’nin iiretim tesislerinde tamamlanmustir. Karigsimlar iki asamada olusturulmus olup ilk
olarak Sekil 2.1a’ da gosterilen laboratuvar tipi dahili mikserde (Banbury) karistirilmig, ardindan
homojenizasyon i¢in Sekil 2.2b’ deki ac¢ik mil kullanilmistir.

Sekil 2.1. (a) 2,8 L kapasiteli Werner & Pfleiderer Banbury karistirici, (b) Two roll Mill C2 250X500

Banbury karistiriciya recetede belirlenen EPDM kaugugu ekleyip kaugugun daha homojen bir sekilde
karigmasim ve optimal Ozelliklere ulagmasini saglamak i¢in 1 dakika mastikasyon yapilmis ardindan
dolgular 70-80°C’de eklenerek 1 dk daha karigtirilmigtir. Akabinde banbury sicakligi 135 °C’ye
ulastiginda banbury kapagi acilarak hamur ikinci asamaya gegcmek icin bir kaba alinmustir.
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Banbury karistiricidan alinan kauguk hamurlar daha sonra agik mile yerlestirilmistir. ilk olarak 2 dk
boyunca karistirilan hamura, sonrasinda hizlandiricilarin ve pisiricilerin ilavesi ile 3 dk daha ayni hizla
karigtirllmaya devam edilmistir. Son asamada ise kauguk hamuru agik mikserde bicakla kesilerek;
malzemenin daha iyi katlanmasi, karistirma verimliliginin artmasi ve bilesenlerin homojen sekilde
dagilmasi saglanarak istenilen iglenebilirlige ulasilmigtir.

Bu asamadan sonra, ii¢ farkli karigim i¢in gergeklestirilen gerilim gevsemesi hari¢ tiim testlerde
Angst+Pfister Geligmis Teknik Coziimler A.S., gerilim gevsemesinde ise TOFAS Tiirk Otomobil
Fabrikast A.S. biinyesindeki ekipmanlar kullanilmigtir.

I1k olarak karisimlarin reolojik &zelliklerini belirlemek amaciyla vulkanizasyon dncesinde bu deneysel
calismada Gibitre marka reometre kullanilarak 175 °C’de 30 dk siire ile ASTM D 5289 standardina gore
reometre testleri gergeklestirilmis. Cikan egriler dogrultusunda, Sekil 2.2’ deki test plaka ve butonlarmin
hazirlanabilmesi igin ihtiya¢ duyulan vulkanizasyon siireleri hesaplanmistir. Akabinde hidrolik preste
EPDM1 ve EPDM2 hamurlar1 175°C’de 20 dk; EPDM3 ise 175°C’de 10 dk boyunca vulkanize
edilmistir.

Sekil 2.2. Test plaka ve butonlari

' o

Uretilen test butonlar1 ve plakalarmin tiimiinde, malzeme 6zelliklerinin degerlendirilmesi amaciyla
fizikomekanik testler gergeklestirilmis olup, bu testler Gibitre , Nuve ve Elastocon marka cihazlar
kullanilarak uygulanmigtir. Kaugugun performansini ve uzun vadeli dayanikliligini belirlemek i¢in
kritik 6neme sahip olan sertlik, ¢ekme mukavemeti, kopma uzamasi, yirtilma mukavemeti, havada
yaslandirma ve gerilim gevsemesi testlerinin yapildig1 bu siirecte detayl olarak testler prosediirlerine
deginecek olursak; sertlik testi ASTM D 2240 standardina gore yapilmis ve sonuglari shore A skalasinda
rapor edilmistir. Kaugugun maksimum dayanim kapasitesi belirlemek i¢in yapilan ¢ekme mukavemeti
ve kopma uzamasi ¢ekme cihazi ile ASTM D 412 standardina gére DIE C numune 6lg¢iileri kullanilarak
yapilmistir. Malzemenin catlak ilerlemesine karsi gosterdigi direnci ortaya koymak adma yirtilma
mukavemeti testi ASTM D 624 standardina uygun olacak sekilde, DIE B ¢entikli bigagi kullanilarak
cekme testinin yapildig1 cihazda gergeklestirilmistir. Kauguk numunelerin 1s1l yaslanma sonrasi
fizikomekanik 6zelliklerindeki degisim, ISO 188 standardina uygun olarak degerlendirilmistir. Test
kapsaminda numuneler, Nuve marka hava sirkiilasyonlu etiivde 120°C’ de 72 saat ve 150°C’ de 72 saat
bekletilerek iki farkl sicaklik kosulunda incelenmistir. Kauguk malzemelerde sabit bir deformasyon
altinda zamanla gerilmenin nasil azaldigini belirlemek amaciyla Elastocon marka cihazda SAE J2979
standardina bagl kalarak test butonlari ile gerilim gevsemesi testi 120°C’* de 72 saat ve 150°C’ de 72
saat olacak sekilde yapilmistir.

3. BULGULAR VE TARTISMA

Bu boéliimde, vulkanizasyon islemi 6ncesi ve sonrasinda gergeklestirilen testlerin sonuglar1 sunularak,
elde edilen verilerin kapsamli bir analizi yapilmistir. Vulkanizasyon 6ncesinde gerceklestirilen reometre
testi ile kaucuk bilesiginin homojenligi, islenebilirligi ve pisme oOzellikleri degerlendirilmis.
Vulkanizasyon sonrasinda ise, sertlik, ¢cekme mukavemeti, kopma uzamasi, yirtilma mukavemeti,
havada yaslandirma sonrasindaki degisimler ve gerilim gevsemesinin test edilmesiyle kaugugun
mekanik ve fiziksel 6zellikleri hakkinda kapsaml veriler elde edilmistir.
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Her bir EPDM deneme karigimi igin yapilan reometre testinde minimum tork (M), maksimum tork
(M), scorch siiresi (ts2) ve optimum vulkanizasyon siiresi (teo) gibi vulkanizasyon parametreleri analiz
edilmigtir.

Deneme i¢in hazirlanan EPDM 1, EPDM2, EPDM3 karigimlarmin kolaylikla kiyaslanabilmesi adina her
birine ait vulkanizasyon egrisi Sekil 3.1 deki gibi tek grafik {izerine eklenmistir.
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Sekil 3.1: Reometre test cihazindan elde edilen vulkanizasyon egrisi
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EPDM karisimlarinin reometre test sonuglar1 Cizelge 3.1'de sunulmus ve bu dogrultuda yorumlanmustir.
Minimum tork degerinin belirlendigi M\, ¢apraz baglanmanin baslangici olarak kabul edilip karisimin
sadece hamur halinin gézlemlendigi kisimdir. Bu yilizden bu nokta karigimin sadece yogunlugu, sertlik
seviyesini ve islenebilirlik gibi fiziksel Ozelliklerini yansitir. Degerlendirme sonucunda, tiim
karigimlarin benzer M degerleri gosterdigi, ancak az farkla da olsa EPDM 2 karigiminin 3,57 dNm ile
en diisiik viskoziteyi sergiledigi ve EPDM 1’ de yer alan TACS50’ nin karigimin viskozitesini azaltarak
islenebilirligi EPDM 2’ ye kiyasla arttirdig1 belirlenmistir.

Vulkanizasyonun bagslangicin1 ifade eden ve scorch siiresi olarak bilinen ts; paremetresi i¢in EPDM
2‘deki ¢apraz baglanma reaksiyonunun 0,71 dk/sn ile EPDM 1° de 1,07 dk/sn ve EPDM 3’ te ki 1,11
dk/ sn’ ye kiyasla ¢ok daha hizli oldugu gozlemlenmistir. Buna gore kiikiirte koajan eklenmesinin
vulkanizasyon siirecini ts2 degerlerinden de anlasildig1 gibi giivenli tarafta tuttugu gézlemlenmistir.

Optimum vulkanizasyon siiresini belirten too> da EPDM 2’ nin 5,33 dk/sn ile EPDM 1 ve EPDM 3’ e
gore uzun siirede tamamlandigi goriilmiistiir. Ancak, koajanli karisim (EPDM 1) tipki EPDM 3 gibi tgo
degerini diisiirerek daha hizli vulkanizasyon saglamasi ile vulkanizasyon prosesinde de verimli
olabilecegini gostermistir. ts, Ve tg parametrelerini beraber degerlendirdigimizde ise koajanin kiikiirte
kiyasla erken vulkanize olmay1 sagladigi ancak peroksit gibi total vulkanizasyon siiresini arttirdigi
sonucu ¢ikmaktadir.

M, kiirlenmenin tamamlandig1 ve ¢apraz baglarin olustugu en yiiksek tork degeri olup malzemenin
sertlik ve dayanikliligini belirler. Buna bagl olarak koajanli karisimda (EPDM 1) mekanik degerlerin
kiikiirt vulkanizasyonuna (EPDM 3) gore daha yiiksek oldugu gozlemlenmistir.

Cizelge 3.1: EPDM deneme karisimlar1 reometre parametreleri

EPDM Kansimlan Reometre Test Sonucglarn (175 °C de 30 dakika)

EPDM Numuneleri {d::'“] {dr:l:ﬂ {dltrj:n] {dl:_!:;n]
EPDM 1 3,65 24,34 1,07 4,46
EPDM 2 3.57 23,32 0,71 5,33
EPDM 3 3,77 24,10 1,11 4,17
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Ug farkli EPDM hamuru i¢in vulkanizasyon sonrasmda yapilan ve Cizelge 3.2 ‘de yer alan
fizikomekanik test sonuglarina gore vulkanizasyon tiirii ve koajanin malzeme 6zellikleri tizerindeki
etkileri su sekilde 6zetlenebilir:

Sertlik agisindan EPDM 1 ve EPDM 3 sirasiyla 69,7 Sh A ve 70,2 Sh A olarak benzer degerlere sahip
olup; TAC50 koajanimin sertlik iizerinde belirgin bir etkisi olmadig1 séylenebilir. EPDM 2 ise 67,3 Sh
A ile az da olsa daha diisiik sertligi gostermektedir. Bu durum, peroksit sisteminin kiikiirt sistemine gore
daha gii¢lli, ancak daha esnek baglar olusturmasindan ve EPDM' deki doymamis baglarin peroksit ile
smirlt reaksiyona girmesinden kaynaklanmaktadir. Sonu¢ olarak sertlik degerleri beklendigi gibi
birbirine ¢ok yakin degerler sunmustur. Cekme mukavemeti agisindan EPDM 2, 20,4 MPa degeri ile en
yiiksek seviyede kalmistir. EPDM 1° deki 18,2 MPa ve EPDM 3’ teki 16,3 MPa degeri kiyaslandiginda,
TACS50 koajaninin kiikiirt sisteminin diisiik ¢ekme performansini %12’ lik bir artigla iyilestirdigi
goriilmektedir. Kopma uzamasinda ise TACS50, ¢apraz baglarin diizenini artirarak EPDM 1'e %506’ lik
deger ile en iyi uzama performansini saglamistir. Son olarak yirtilma mukavemetine bakildiginda
TACS50'nin belirgin bir avantaj saglamadigi, en yiiksek degerin homojen ¢apraz bag yapisi sayesinde
catlak ilerlemesini engelledigi icin EPDM 2'de 51,1 N/mm? olarak elde edildigi goriilmektedir.

Cizelge 3.2: EPDM deneme karigimlariin yaslandirma 6ncesi test sonuglari

EPDM Kangimlan Fizikomekanik Test Sonuglan
Isil Yaglandirma Oncesi
Sertlik Cekme Kopma Yirtiima
EPDM Numuneleri A Mukavemeti Uzamasi Mukavemeti
(MPa) (%) (N/m?)
BPDM 1 69,7 18,2 506 47
EPDM 2 67,3 20,4 386 51,1
BPDM 3 70,2 16,3 395 47

Isil kararhilik, elastomer malzemelerin uzun siireli performansini1 degerlendirmek acisindan kritik bir
parametredir. Bu sebeple EPDM karigimlar1 kullanim kosullarin1 dikkate alarak 120°C ve 150°C’ de 72
saat boyunca yaslandirilarak fizikomekanik 6zelliklerindeki degisim incelenmistir. Bu testler, farkli
vulkanizasyon sistemlerinin ve koajanin 1s1l dayanim fiizerindeki etkisini net bir sekilde ortaya
koymustur.

Cizelge 3.3’ te gosterilen 120°C’ deki yaslandirma sonucuna goére, EPDM 1 ve EPDM 3
karisimlarindaki benzer sertlik artis1 (%3,9 ve %3,5) koajanin etkinliginin olmadigmi gostermektedir.
EPDM 2 karisimi %1,1 ile en diisiik sertlik degisimini gostererek, peroksit ¢apraz baglarmin daha termal
kararli yapida oldugunu dogrulamaktadir. EPDM 2, cekme mukavemetini %1,5 degisimle biiyiik olctide
korumus, peroksit sisteminin yaslanmaya kars1 daha direngli oldugunu gostermistir. EPDM 3, %16,6
diisiis gostermesine ragmen, EPDM 1 koajanin etkisiyle bu diislisii %7,1° e gekerek %42 iyilesme
saglamistir. Kopma uzamasi performasinda EPDM 2 %3'liikk minimal bir azalma gosterirken, EPDM 3’
te olusan %32 uzama kaybi, EPDM 1 ‘de TACS50 koajan sayesinde %16’ ya gerilemis bu sayede %50
daha az kopma uzamasmda kayip olusmustur. EPDM 1’ de bulunan TAC50 uzama performansini
yaslandirma sonrasinda kiikiirt vulkanizasyonuna (EPDM 3) gore korusa da peroksit sistemi kadar etkin
degildir.
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Cizelge 3.3: EPDM deneme karigimlarmin 120°C’ de 72 saat yaslandirilmasi sonrasi test sonuglari

EPDM Kansimlan Fizikomekanik Test Sonuglan
Isil Yaslandirma Sonrasi (120 °C de 72 saat)
Cekme Kopma
Sertlik  |Serttikdegisimi| 0T Mukavemeti Kopma u

EPDM Numuneleri (;h ;) et (%t;g|§|m| Mukavemeti ; a'\-re-mt.e ' Uzamasi DZTT“_“I_
(MPa) egisimi (%) egisimi

(%) (%)

EPDM 1 72,4 3,9% 16,9 7,1% 424 16%

EPDM 2 68,0 1,1% 20,1 1,5% 376 3%

EPDM 3 72,7 3,5% 13,6 16,6% 269 32%

Cizelge 3.4 teki, 150°C’ de yapilan yaslandirma sonuglarini da inceledigimizde tiim numunelerde
sertlik artis1 daha belirgin olmustur. EPDM 1 ve EPDM 3'te tipk1 120°C’ de oldugu gibi %5,4 ve %5,6
olacak sekilde benzer artis gozlenirken, EPDM 2; %2 ile en diisiik sertlik degisimini sergilemistir. Bu
durum, peroksit sisteminin yiiksek sicaklikta daha stabil ¢capraz bag yapisina sahip oldugunu destekler
niteliktedir. EPDM 2, 21,9 MPa ile yaslandirma sonrasi en yiiksek ¢ekme mukavemetini korumus ve
%7,4'lik hafif bir yiikselis gostermistir. EPDM 1 ve EPDM 3'te sirasiyla %6,6 ve %1,8 azalma
gozlenmistir. TACS50 koajani yiiksek sicaklikta stabilitesini kaybetse de peroksit sisteminin {istiinligii
devam etmistir. EPDM 1, EPDM 2 ve EPDM 3 numunelerinde kopma uzamasi sirasiyla %35,8, %3,9
ve %39,2 azalmustir. Peroksit sistemi, zincir esnekligini en iyi koruyan yapi1 olarak 6ne ¢ikmistir. Koajan
ise bu parametrede de 150°C’ ye ¢ikildiginda etkisini kaybettigini gostermistir.

Cizelge 3.4: EPDM deneme karigimlarmin 150°C’ de 72 saat yaslandirilmasi sonrasi test sonuglari

EPDM Kansimlan Fizikomekanik Test Sonuglan
Isil Yaglandirma Sonrasi (150 °C de 72 saat)
. Cekme Kopma
. Sertlik S?_m_lk_ Gekme . | Mukavemeti Kopma Uzamasi
EPDM Numuneleri degisimi Mukavemeti S Uzamasi oL
(ShA @ (MP) Degisimi @ Degisimi
i Q) i )

BPDM 1 735 +5,4 17,0 -6,6 325 -35,8

BPDM 2 68,6 +2 219 +7,4 371 -39

BPDM 3 74,1 +5,6 16,0 -1,8 240 -39,2

Kaucuk malzemelerin uzun siireli yiik altinda yapisal biitlinliigiinii ve dayanimini degerlendirmek i¢in
kritik 6neme sahip olan gerilim gevsemesi testi 120°C’ de 72 saat ve 150°C’ de 72 saat olacak sekilde
gerceklestirilmistir. Test sonuglar1 Sekil 3.2 de goriilmekte olup bunlar1 detayli olarak yorumlarsak;
120°C” deki test sonuglarina gére, EPDM 2 numunesi, F/FO oranim %90 seviyesinde koruyarak en
diisiik gerilim kaybimi gostermistir. EPDM 1 numunesi, baslangicta hizli bir gevseme gosterip %68
seviyelerine sabitlenirken, EPDM 3 numunesi ise %60 seviyelerine kadar diismiistiir. Bu durum,
peroksit capraz baglarinin termal stabilitesinin daha gii¢lii oldugunu ve kiikiirt sistemine gore daha iyi
performans sergiledigini gostermektedir. Ayrica Koajan katkisi, kiikiirt sisteminin performansini bir
miktar artirsa da peroksit sisteminin termal dayanimi karsisinda yetersiz kalmugtir.

150°C” deki test sonuglarinda ise tiim numunelerde daha belirgin bir gevseme gozlenmistir. EPDM 2,
%80 seviyesinde kalirken, EPDM 1 %43, EPDM 3 ise %42 seviyelerine kadar gerilemistir. Yiiksek
sicaklik, ozellikle kiikiirt bazli vulkanizasyon sistemlerinin ¢apraz baglarmi zayiflatarak gevsemeyi
hizlandirmustir. Koajan 120°C’ de olan etkinligini 150°C” de kaybettigi gozlemlenmistir.
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Sekil 3.2: Gerilim gevsemesi (120°C — 150°C / 72 saat) test sonuglari

Gerilim Gevsemesi Testi / 120°C - 72 saat Gerilim Gevsemesi Testi / 150°C - 72 saat

1,2 1.2

! = ! \.
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1 12 24 48 72 1 12 24 48 72

Zaman (h) Zaman (h)
EPDM1 =—e—EPDM2 —e—EPDM3 EPDM1 —e—EPDM2 —e—EPDM3

4. SONUC

Bu ¢alisma, ¢evresel kaygilar nedeniyle peroksit kullaniminin kisitlandigi durumlarda, EPDM kauguk
icin kiikiirt-koajan bazli bir alternatif vulkanizasyon sistemi gelistirmeyi amaglamistir. Yapilan
analizler, kiikiirt-koajan karisimimin (EPDM 1) reometre testlerinde yiiksek ¢apraz bag yogunluguna
ulastigini, bunun da malzemenin elastikiyetini ve islenebilirligini artirdigini ortaya koymustur.
Ozellikle, kiikiirt-koajan karisiminin (EPDM 1) maksimum tork (My) degerinin diger recetelere gore
daha yiiksek olmasi, ¢apraz bag yogunlugunun arttigimi ve bu sayede malzeme yapisinin mekanik
acisindan daha giiglii hale geldigini gostermistir.

Fizikomekanik testlerde, kopma uzamasi agisindan kiikiirt-koajan karisimu (EPDM 1) %506 ile en iyi
performansi sergileyerek, koajan katkisinin zincir yapisint esnek ve dayanikli hale getirdigi
gozlemlenmistir. Koajan ilavesi (EPDM 1) durumunda ¢ekme mukavemeti degeri kiikiirt
vulkanizasyonu (EPDM 3) ve peroksit vulkanizasyonu (EPDM 2) arasinda kalarak tam olarak istenilen
sonu¢ elde edilmistir. Yirtilma mukavemetinde ise koajanin (EPDM 1) etkinliginin olmadig:
gbzlemlenmistir. Sonug¢ olarak koajanin kiikiirtle birlikte ¢apraz bag yogunlugunu artirsa da peroksit
sistemi kadar kararli baglar olusturmadig diigiiniilmektedir.

Yaslandirma testlerinde ise, 120°C’ de yapilan incelemeler kiikiirt-koajan sisteminin (EPDM 1) kiikiirt
bazli sisteme (EPDM 3) gore daha iyi termal dayanim sergiledigini ortaya koymustur. Bu sicaklikta,
sertlik, cekme mukavemeti ve kopma uzamas gibi kritik mekanik 6zelliklerdeki kayiplarin daha sinirl
oldugu belirlenmistir. Ancak, 150°C’ deki testlerde kiikiirt-koajan sisteminin (EPDM 1) performansinda
belirgin bir diisiis meydana gelmis, 6zellikle kopma uzamasi ve gekme mukavemeti degerlerinde ciddi
azalmalar gozlemlenmistir. Bu bulgu, yiiksek sicaklik kosullarinda kiikiirt-koajan sisteminin (EPDM 1)
capraz bag yapisinin zayifladigini ve peroksit bazli sistemin (EPDM 2) daha stabil bir yap1 sundugunu
gostermistir.

Gerilim gevsemesi testleri de degerlendirildiginde benzer sonuglar vermistir. 120°C’ de, kiikiirt-koajan
karigimi (EPDM 1), gerilim kaybim kiikiirt sistemine (EPDM 3) gore daha iyi bir seviyede tutarken,
peroksit bazli sistem (EPDM 2) kadar etkili olamamustir. 150°C” deki gerilim gevsemesi testlerinde ise,
tiim numunelerde belirgin bir gevseme gozlenmis ve kiikiirt-koajan (EPDM 1) sistemi, bu sicaklikta
zincir yapisinin stabilitesini koruyamamistir. Buna karsin, peroksit (EPDM 2) sisteminin yiiksek sicaklik
dayanimindaki istlinliigii bu testle de dogrulanmstir.

Sonug olarak, gelistirilen kiikiirt-koajan (EPDM 1) bilesimi, diisiikk ve orta sicaklik kosullarinda
peroksite (EPDM 2) makul bir alternatif olarak 6ne ¢ikarken, yiiksek sicaklik gerektiren uygulamalar
icin sistemin daha fazla optimizasyona ihtiya¢ duydugu anlagilmistir. Bu dogrultuda, bir sonraki
calismada koajan miktarmdaki degisimin etkileri ve kalic1 deformasyon degerleri incelenecektir. Buna
bagli olarak EPDM kauguk karigimin sicaklik dayanimimin kiikiirt vulkanizasyonunda koajan etkisiyle
daha da iyilestirilmesi hedeflenmektedir.
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Ozet: Endiistride sac metallerin sekillendirilmesinde kullanilan malzemenin hasar davranisini tahmin etmek ve
dogru anlamak tasarimdan iiretime giden siirecin verimliligi agisindan olduk¢a biiyiik dneme sahiptir. Sac
metallerin deformasyon siiregleri degerlendirildiginde yaygin olarak kullanilan Johnson-Cook, Gurson-
Tvergaard-Needleman (GTN) ve Generalized Incremental Stress State Dependent Damage Model (GISSMO)
hasar modelleri on plana ¢ikmaktadir. Bu hasar modelleri otomotivde ¢arpisma ve yiiksek hizda darbe
simiilasyonlarinda; metal sekillendirmede ise derin ¢cekme, delme, sicak sekillendirme proseslerinde ve plastik
deformasyonlarin analizinde kullanilmaktadir. Literatiirde yer alan ¢alismalar dogrultusunda farkly yiikleme
kosullart altindaki malzemelerde sonlu elemanlar analizi sonuglariyla desteklenen hasar modellerinin
dogruluklar: incelenmistir. Bu hasar modellerinin dogrulugunun test edilmesi amacwyla ise deneysel verilerle
karsilagtirmalara yer verilmistir. Bu bulgulara dayanarak belirli simr sartlart altinda hangi hasar modelinin
hangi durumda kullanilmasinin uygun oldugu ve bu modellerin birbirlerine gére avantajlart aktarilmistir.

Anahtar Kelimeler: Sac Metal Sekillendirme, Hasar Modelleri, Sonlu Elemanlar Analizi, Malzeme
Deformasyonu, Gerilme

An Evaluation of Damage Models in Sheet Metal Deformation Processes

Abstract: Predicting and correctly understanding the damage behavior of the material used in the shaping of sheet
metals is of great importance in terms of the efficiency of the process from design to production. When the
deformation processes of sheet metals are evaluated, the widely used Johnson-Cook, Gurson-Tvergaard-
Needleman (GTN) and Generalized Incremental Stress State Dependent (GISSMO) damage models come to the
fore. These damage models are used in collision and high-speed impact simulations in the automotive industry,
and in deep drawing, drilling, hot forming processes and the analysis of plastic deformations in metal forming. In
line with the studies, the accuracy of the damage models supported by the finite element analysis results in
materials under different loading conditions was examined. In order to test the accuracy of these damage models,
comparisons with experimental data were included. Based on these findings, which damage model is appropriate
to use in which situation under certain boundary conditions and the advantages of these models compared to each
other were discussed.

Keywords: Sheet Metal Forming, Damage Models, Finite Element Analysis, Material Deformation, Stress

INTRODUCTION

Nowadays, sheet metals are versatile and crucial materials in various industries. Sheet metals are
preferred especially in the automotive and aviation industries due to their lots of advantageous
characteristics. These are respectively formability, strength, durability, lightweight. Sheet metals consist
of numerous metals such as basically steel types, aluminum, titanium alloy, copper, nickel alloys, zinc
alloys. The thickness of these metals varies between 1.5 mm and 0.10 mm. It involves very different
processes in terms of shaping and manufacturing methods in industry. These different methods include
cutting, bending, stamping, welding and punching.

Its usage areas are mainly in the automotive and aerospace, aviation industry, not only in these but also
electronics and power generation, HVAC systems, industrial applications. Analysis in the design of
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sheet metals is an essential step for optimizing production processes ensuring high quality design
sensitivity and optimization efficiency and cost. Finite element analysis programs include material
models specific to each material. Thanks to these material models provide find more correct results
design optimizing. Also, material models in finite element analysis software’s provide an opportunity
for advanced design techniques, tolerance and variation management, material and process optimization.

1.DAMAGE ANALYSIS METHODS

The finite element method is a very common numerical method widely used in damage analysis of sheet
metal materials. The main types of finite element analysis of sheet metal materials in automotive are as
follows.

1.1. Static Analysis
It examines how sheet metal parts deform under constant loads.
1.2. Dynamic Analysis

The behavior of sheet metal parts is studied when the vehicle is in motion or on impact. Factors such as
vibration, vibration, acceleration and impact are considered.

1.3.Crashworthiness Analysis
Deformation of sheet metal materials is analyzed in terms of energy absorption and passenger safety.
1.4. Forming Analysis

During the forming of sheet metal, the stress and deformation profiles are analyzed when the metal is
pulled or bent. This analysis is used to predict how the sheet metal will behave when forming during the
production stages.

1.5. Thermal Analysis

The material behavior of sheet metal under high temperature is investigated. It examines the stresses
caused by expansion and contraction during the heating and cooling of the metal.

1.6. Fatigue Analysis

Sheet metal materials are usually exposed to permanent loading. Fatigue analysis used to forecast the
lifetime of materials. Fatigue life is determined according to the obtained Wohler curve.

2.MATERIAL DAMAGE MODELS

Material models play a significant role in simulation techniques and provide critical data for design.
These models in analysis software are mathematical representations of the materials behavior under
different loading conditions such as stress, strain, temperature.

Each material has its own material model. Johnson-Cook, Gurson and GISSMO material models are
commonly used in analysis software. These models are implemented in finite element software like
ANSYS, LS-DYNA, ABAQUS for understanding real material responses. Damage analysis is
performed using models appropriate to the selected material to understand the damage behavior of the
material in line with the mechanical loads it is exposed to. Different types of damage occur because of
the loads applied to the material and the characteristic internal structural behaviors of the material.
Among these damage types, the ones used for ductile methods are Johnson-Cook, Gurson-Tvergaard-
Needleman and Generalized Incremental Stress-Dependent Damage Models, respectively.
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Table 1. Areas of Use of Ductile Damage Models

Material Damage Model Focal Point All Fields of Application

Johnson-Cook (J-C) High  strain rates & | Metal cutting, impacts,
temperatures ballistics, FEA

Gurson-Tvergaard- Ductile damage with porosity | Ductile fracture, structural
Needleman (GTN) failure
Generalized Incremental | Damage accumulation Sheet forming,
Stress  State  Dependent crashworthiness
Damage Model (GISSMO)

2.1 Johnson-Cook Material Model

The Johnson-Cook material and damage model characterizes the mechanical response of metallic
materials and alloys under varying temperatures with peak strain rates. Some variables in the equation
of the material or damage model can be created by adapting the methodology in accordance with the
conditions to be studied. The model is used to define metals behavior under different loading conditions.
Usually, these conditions are associated with high strain rates, high temperatures and the large range of
plastic deformation. Johnson-Cook material model equation form is based on the material to be modeled.
It can be used appropriately in high-speed deformations in materials that will be exposed to dynamic
loads. J-C material model facilitates the understanding of the behavior of metals reaching high
temperatures by considering the thermal softening effect. It allows both modeling the damage of the
metal material in question and calculating the plastic yield behavior under stress. Thus, it contributes to
the calculation of the fracture tendency of the material. It increases the accuracy of simulations by
calibrating with the test results of the physically made material. The Johnson-Cook material model is
often preferred in ballistic tests, crash simulations and machining for steel, aluminum, titanium, steel,
nickel and magnesium alloy materials.

2.1.1. Johnson-Cook Hardening Model

c=(A+Be)(1+Cln&)l-T™m) (1)

Johnson-Cook hardening model equation involves the stress effect of the material, the effect of strain
rate on the material and the effect on the material respectively in each bracket.

2.1.2. Johnson-Cook Damage Model

ef = [D1+ DyexpDsn] [1+Dyln (e7/ €7)] [1-DsT"] (2)

Equivalent stress in the damage model equation relevant parameters of damage, triaxial stress, the ratio
of plastic strain to reference strain, temperature.

2.2 Gurson-Tvergaard-Needleman Material Model

According to Hause et al. (2008) to determine the risk of material cracking during molding in metal
forming in crash analysis, the GTN model is used for collapse and damage prediction in the automotive
and aviation sectors.

GTN is a damage mechanics model that models plastic deformation by considering void formation,
growth in ductile materials. The GTN material model explains plastic behavior in porous materials by
relating it to stress and void ratio.
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The Gurson model is used in crashworthiness simulations in the automotive industry based on the
internal damage value. The estimation of the internal damage value is obtained from forming
simulations.

9= ()22 freosh G gy () L+ [2) ®)

The basic yield function of Gurson-Tvergaard-Needleman model contains equivalent stress, equivalent
tensile yield stress and the hydrostatic stress. There are also model parameters.

Z.q Is equivalent stress, Y h is hydrostatic stress. Model parameters such as q4, g2, g3. These model
parameters determined by Tvergaard taken g, 1.5, g, 1, g3 2.25 respectively.

In Gurson-Tvergaard-Needleman Material Model equation o, denotes tensile yield stress. f* is
effective void ratio (effective ratio of micro voids within the material).

2.3. Generalized Incremental Stress State Dependent Damage Model Material Model

According to Sommer et al. (2020) GISSMO considers the influence of the stress state when determining
incremental damage accumulation. It is a material model that attempts to explain how damage at a micro
level accumulates and reaches ultimate failure at a macro level. This explains the phenomenon that
results in rupture or breakage due to the expansion of material voids or the merging of these voids by
changing shape. It is the optimal model that represents the accumulation of damage in plastic
deformation and the rupture behavior. It provides the opportunity to model the fracture mechanisms of
various metals. GISSMO is a suitable material model if it is necessary to examine the accumulation of
damage after plastic deformation, especially in the collision tests carried out to shape the sheet metal to
meet the safety conditions, especially in sheet metals. It is also used very effectively in metal fatigue
calculations.

__n a-3
AD= s DOV A, )

Parameter D is used to display damage information. n , which represents damage exponent. ¢ and Ag,
indicates damage initiation criterion and incremental plastic strain, respectively.

2.4. Triaxility

In the damage analysis of the material, the stress in the ductile or brittle fracture behavior depends on
the level of triaxility. Triaxiality is a critical parameter to consider for studying damage accumulation
in the GISSMO and Johnson-Cook Damage models.To calculate triaxility, the average hydrostatic stress
and the von Mises stress are needed.

1 1
Om =301+ 02+ 03 )0eq =5\/(01 — 03 )% + (0, — 03)% + (03— 01 )? (5)
o Is the mean hydrostatic stress or isotropic stress. o, is equivalent stress which von Mises stress.

n= (6)

O'eq

The ratio of the hydrostatic and equivalent von mises stresses gives the triaxiality.
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3.APPLICATIONS of MATERIAL DAMAGE MODELS to the FINITE ELEMENT METHOD

First, the material damage model is selected according to the loading conditions that the material will
be exposed to and its mechanical properties. Then, the damage model specific to the material to be
studied must be converted into a mathematical model. The variable parameters in the mathematical
model are determined. These variable parameters are calculated by considering the stress-strain,
temperature, hardening and deformation rate together with the damage variables. By integrating the
damage criterion into the material model, the material is introduced to the finite element software. When
using damage models, deformation is done with nonlinear calculations in finite element analyses.
Therefore, if we are working with a material that will be subjected to sudden loading, we need to use an
explicit analysis solution. However, if the material we are working with will be subjected to slow
loading, we need to make implicit analysis solutions. Calibration of the damage model parameters is
completed in accordance with the results obtained from the data made through physical tests.

3.1. Determination of Johnson-Cook Model Parameters and Evaluation of Prediction
Performance for 6181A-T4 Aluminum Alloy Sheet Material

Oztiirk worked on the determination of Johnson-Cook model parameters of 6181A-T4 aluminum alloy
sheet metal material and the evaluation of its prediction performance. Deformation analyzes were
performed on the determined product geometry of 6181A-T4 aluminum alloy sheet metal material using
LS-DYNA analysis software and Johnson-Cook model. 16 different numerical analysis models were
established at four different drawing speeds of 25 mm/min, 125 mm/min, 500 mm/min, 1000 mm/min
in four different sample shapes as standard, a notched, 4a notched, 20a notched and different
experimental data were collected for each numerical analysis model for the sample and drawing speed
in the study. Different notch size radii and triaxial stress values were calculated for these data. These
triaxial stress values were obtained as 0.333 in the standard sample, 0.738 in the notch size a, 0.451 in
the notch size 4a, 0.358 in the notch size 20a, respectively. In the study, the hardening parameters A, B,
n, C belonging to the Johnson-Cook model were obtained by analytical methods, while the damage
parameters D1, D2, D3, D4 were determined by optimization. Based on these, the estimation
performance of the Johnson-Cook model parameters was evaluated by comparing the analysis with the
real results. Tests were performed with samples having various notch factors and stresses were
calculated with samples in different notch groups to obtain stress values. The first parenthesis in
Equation 1 indicates the stress effect of the material, the second parenthesis indicates the effect of the
deformation rate on the material, and the third parenthesis indicates the effect of temperature on the
material.

o=(A+Be")L+CIneYyl—T™) )
ef = [D1+ DyexpDsn] [1+Dyln (e/ €)] [1-DsT"] (8)

The specific values of the parameters of the damage model equation in the structure of above equation
depend on the load conditions to which the material to be studied is exposed. In the parameters D, ,
D,, D, the triaxial stress parameters of the damage model of the material are represented, while D, is
the parameter of the deformation rate, and Ds is the parameter of the temperature. The ratio of the
average stress to the equivalent stress gives the triaxial stress.

Various tests are applied to determine the parameters of the Johnson-Cook material model. Stress values
are obtained as a result of tests performed on samples with different notch factors. The use of samples
with different notch values in the study also means that the following samples have different radiuses.
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Figure 1. Tensile Test Specimens with Standard, a, 4a and 20a Notch Values (Oztiirk, E., 2024)

In this way, we can calculate the triaxial stress again by substituting the radius values in equation 9.
1
n= S +in (i) )

Table 2. Triaxial Results of Tensile Specimens at Different Notch Sizes and Radiuses (Oztiirk, E.,

2024)
Notch size (a) | Radius (R) | Triaxial Stress (1)
Standard © 0.333
a 3.125 0.738
4a 12.5 0.451
20a 62.5 0.358

The triaxial stress values obtained from physical tests are given above. The values of the yield points at
which these stresses occur are given in the graph below.

Figure 2. Triaxial Stress-Yield Point Graph (Oztiirk, E., 2024)

300
250

200 4

E B
- >

150

100

= 25 mmi/dk (0.0083 s-1)
50 4 ® 125 mm/dk (0.042 s-1)
A 500 mmidk (0.16 s-1)

v 1000 mm/dk (0.33 s-1)

T T T T 1
03 04 05 08 0.7 08

When the triaxial stress and yield points graph obtained was examined, it was seen that the yield
strength, which is a mechanical property of the material that is exposed to high stresses in a short time
with a high deformation rate and absorbs energy, is higher.It is seen that two different approaches are
used to obtain the parameters required for the Johnson-Cook damage and material modeling. First of all,
the hardening parameters A, B, n, C in the J-C mathematical material model were determined. Parameter
A refers to the yield strength. After this value is exceeded, plastic deformation is observed. The yield
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point was determined from the stress and unit strain graph obtained as a result of the tensile tests and
the value of the A parameter was calculated as 163.09 MPa. In the model, parameter B represents the
coefficient of strength, while n represents the solidification exponential. Based on the tensile test
performed at a speed of 25 mm/min as a reference, the stress and unit strain curve was obtained. By
applying the formula A + B €™ between the yield and tensile points on this curve, the B and n values
were calculated. Parameter B was noted as 417.961 MPa and n as 0.579. For the four different tensile
speeds in the study, the C parameter was calculated as 0.00181 by simulating the line y = mx + ¢ by
replacing m with C and x by replacing x with In( €*) and by curve fitting method.

Figure 3. Material Constants and Parameters of Johnson-Cook Hardening and Damage Model of
6181A-T4 Aluminum Material (Oztiirk, E., 2024)

A (MPa) B (MPa) n C m
163.09 417.96 0.57968 0.00181 1
D1 D2 D3 D4 D5
0.0648346 2.00176 -1.73319 -0.0532084 a

While calculating the damage parameters D;, D,, D3, D, in the J-C material model, the tensile speed of
25mm/min is taken as a reference. Since the study was not carried out at a different temperature, Ds
zero was taken and the damage equation reached the following form.

ef = [Dy+ DyexpDsn] [1+Dyln( €7)] (10)

The above refraction unit strain equation has again been converted to the format y= mx+c. Here, y is
replaced by ef/ [D;+D, + exp (D3 1), m is replaced D, and C is replaced by 0.00181, which was
determined in the previous step. Optimizations were then made in the LS-OPT software to calculate
these damage parameters. Values were obtained by setting up the following optimization map for
damage parameters.

Figure 4. Optimization Map (Oztiirk, E., 2024)
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Figure 5. Experimental and Simulated Tensile Test Specimens at Different Notch Values (Oztiirk, E.,
2024)

st ] | 4a | | 20a

When the experimental results and the tensile test results performed with finite element analysis were
compared, it was stated that the values were very close and consistent with each other.

It has been reported that tests and simulations performed at four different tensile speeds have increased
yield strength with increasing triaxial stress in both standard and notched specimens, and they have a
consistent change.

Figure 6. Fracture Surface Morphologies of Standard Specimens at Different Magnifications Obtained
After Tensile Test Performed at 25 mm/min Tensile Velocities (Oztiirk, E., 2024)

When the Scanning Electron Microscope (SEM) results in the image above are examined, it is explained
that the 6181A-T4 aluminum alloy sheet metal material undergoes ductile rupture in the tensile test and
dimple morphologies occur during compa. Since the Johnson-Cook material and damage model is used
in the deformation of ductile materials, the results of the Scanning Electron Microscope (SEM) and the
experimental test results show that both the correct material model is used and the correct results are
obtained.

3.2. A Study on Gurson Damage Model and Numerical Simulation of Ductile Damage in LS-
DYNA

Fesich, Mohan, Marzougui, and Gurson-Tvergaard-Needleman examined the ability of the materials
model to predict physical damage behavior in their blood study. His main focus in his work is to be able
to reproduce the stress state and the progression of the crack after damage with the Gurson-Tvergaard-
Needlman damage model and the consistency of its prediction. In the sample modeling used for analysis
in the simulations, they considered the examples of single edge bending and notched tensile. The reason
for using this damage model is that it is a powerful model for damage estimation, especially in
asymmetrical crack growth, especially the Gurson-Tvergaard-Needleman damage model.

The Gurson-Tvergaard-Needleman damage model is used to model the rupture of ductile materials
based on the development and coalescence growth of microstructural voids.
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The equation of the GTN damage model extends the Von-Mises yield criterion to define a yield function
that includes the effect of microvoids in the material.In their study, they used GTN model simulation
including plastic elastic material properties for tensile testing with simple material models. In doing so,
specimens with characteristic lengths of 0.1 mm, 0.2 mm and 0.4 mm were taken into account.And with
mesh structures of different sizes, the fracture stress was simulated by aiming for maximum load. They
shared that the simulation results provided consistency for the same sample and material type previously
made.

Figure 7. Finite Element Analysis Using the Gurson-Tvergaard-Needleman Damage Model (Fesich,
et al. (2008). A Study of the Gurson Damage Model and Numerical Simulation of Ductile Failure in
LS-DYNA.

¢ =)+ 2, freosh Cgp () (L+as f2) (11)

Figure 8. Sample Used in the Study (Fesich, et al. (2008). A Study of the Gurson Damage Model and
Numerical Simulation of Ductile Failure in LS-DYNA
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The multiaxiality parameter g in the GTN damage model equation above is obtained by proportioning
the von-mises stress and the hydrostatic stress. They explained that the results of the finite element
analysis (made in LS-DYNA) with the multiaxiality parameter and GTN damage model met the
expected criteria with their calculations.

3.3. Numerical-Experimental Study on the Crashworthiness of the A-Pillar of a Windshield

Armentani, Perella, Cepollaaro, D'Errico and Giannella studied the numerical and experimental
crashworthiness of a vehicle structural component in their work. The windshield A-pillar, made of high-
strength steel, is designed to produce the impact of a vehicle side impact accident and tested in an in-
house impact test apparatus.
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Figure 9. CAD Model of the Impact Test Applied to the Windshield A-Pillar (Armentani, et al (2024).
Numerical-experimental study on the crashworthiness of a windshield A-pillar.

They compared the results obtained from the experimental data with the numerical simulations obtained
from LS-DYNA and examined their consistency and results. They used the GISSMO model to correlate
experimental data with numerical simulations. The reasons for using a GISSMO model are both better
predictors of impact behavior and less computational. The optimal design of passenger safety cells in
vehicles is critical to reduce passenger injuries caused by vehicle breakdown or accident. In this study,
numerical experimental crash resistance analysis of the windshield A-pillar, which is an important
element for the passive safety of vehicles, was performed. In the event that the vehicle is in motion, they
have made a test apparatus within the company in order to create a suitable situation with the real thing
by reproducing the effects on the A-pillar as reliably as possible in the event of a side impact. The test
was carried out at a constant impact speed by applying a displacement of 180 mm at 180 ms to the
impact apparatus. The impact test material was obtained by making the mechanical properties of HSLA
steel, which is in the industrial secrecy of Stellantis, applicable to vehicle structural components with a
special technology.

EA= [ P(s)ds (12)

In the experimental results, they calculated the crush load and displacement curves, which indicate the
durability in the crash test, and the impact absorption energy in terms of energy during impact with
equation above. In the equation, P is the crash force during the test, d is the displacement at the breaking
point, and s is the total displacement. Numerical analyses based on the finite element method used 2
material models with the LS-DYNA analysis program to simulate the impact test. The first of these is
the model with the code "MAT_081" in finite element analysis based on the elastic-plastic law (FEM),
and the second is GISSMO, which is the generalized incremental stress condition-dependent damage
model.

Figure 10.Change of Impact Energy with Respect to Displacement Function in Experimental and
GISSMO Damage Model Finite Element Analysis (Armentani, et al (2024). Numerical-experimental
study on the crashworthiness of a windshield A-pillar.
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Figure 11. Variation of Load and Displacement Relationship in Experimental and GISSMO
Damage Model Finite Element Analysis (Armentani, et al (2024). Numerical-experimental
study on the crashworthiness of a windshield A-pillar.

Load (N)

L Mot

Oisplacement (mm)

In their study, they shared that the results of energy absorption-displacement, load-displacement
relationships between the GISSMO damage model and the experimental test were consistent with each
other.

CONCLUSION

When the results of the study titled 'Determination of Johnson-Cook Model Parameters and Evaluation
of Prediction Performance for 6181A-T4 Aluminum Alloy Sheet Material' were examined, analytical
and numerical calculations of 6181A-T4 aluminum alloy aging heat treated sheet material were made.
When the A, B, n, C values of the hardening parameters and D1, D2, D3, D 4 values of the damage
parameters are placed in the Johnson-Cook material and damage model, they give results consistent with
the experimental data in the simulation. In line with the findings obtained from the study titled 'A Study
on the Gurson Damage Model and Numerical Simulation of Ductile Damage in LS-DYNA'; They found
that it was successful in providing consistent prediction results in asymmetrical crack growth based on
the notched stress example in the GTN material model. In the study titled ‘'Numerical-Experimental
Study on the Crash Resistance of the A-Pillar of a Windshield', they obtained that the experimental
results generated highly similar data with crash test simulations based on design criteria that play an
important role in the passenger safety of modern vehicles. While achieving very close results with the
GISSMO material model at maximum impact strength, it has also been found suitable for the simulation
of passive automotive safety tests because it requires less iteration and calculation than other analysis
methods. It provides comparison opportunities.
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Tleri Tesis Planlama Kapsaminda Tabu Search Yaklasiminin Kuramsal incelemesi ve
Uygulama Potansiyelleri
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Ozet: Bu bildiride, Tabu Search (TS) algoritmasimin ileri tesis planlama (ITP) baglamindaki kullammina iligkin
kuramsal bir inceleme sunulmaktadir. Oncelikle TS algoritmasimin temel bilesenleri (tabu listesi, komsuluk
yapilari, aspirasyon kriteri ve durma kosullary) ele alinmakta, ardindan ITP ¢ercevesinde tesis tasarumi, depo
verlesimi, iiretim hatti diizenlemesi gibi tipik problemlere nasil uyarlanabilecegi kavramsal olarak
irdelenmektedir. Literatiirdeki ¢alismalar, TS nin ézellikle NP-zor olarak siiflandirilan  yerlesim ve
konumlandirma problemlerinde etkin ve esnek ¢oziimler tirettigini géstermektedir. Ayrica, kisa-orta-uzun donem
hafiza yapiularimin yogunlastirma ve ¢esitlendirme stratejileriyle birlestirilmesinin, tesisten beklenen performansi
artirdigt belirtilmektedir. Son béliimde, endiistrideki uygulama potansiyellerine ve ¢ok amagh optimizasyon
kurgusuna deginilerek, ileri aragtirma konulari ve karar vericilere yonelik oneriler sunulmaktadir.

Anahtar Kelimeler: Tabu Arama, Ileri Tesis Planlama, Tesis Yerlesimi, Depo Yonetimi, Meta-Sezgisel
Optimizasyon.

A Theoretical Examination of the Tabu Search Approach and Its Application Potentials in the Context of
Advanced Facility Planning

Abstract: This paper presents a theoretical examination of the use of the Tabu Search (TS) algorithm in the context
of Advanced Facility Planning (AFP). First, the fundamental components of the TS algorithm—tabu list,
neighborhood structures, aspiration criteria, and stopping conditions—are discussed. Then, within the scope of
AFP, its conceptual applicability to typical problems such as facility design, warehouse layout, and production
line arrangement is analyzed. Studies in the literature indicate that TS provides effective and flexible solutions,
particularly for layout and location problems classified as NP-hard. Moreover, the integration of short-, medium-
, and long-term memory structures with intensification and diversification strategies is noted to enhance the
expected performance of facilities. In the final section, the industrial application potentials and multi-objective
optimization framework are addressed, followed by suggestions for future research and decision-makers.

Keywords: Tabu Search, Advanced Facility Planning, Facility Layout, Warehouse Management, Metaheuristic
Optimization.

1. GIRIS

Advanced facility planning encompasses complex decision problems related to the design and
organization of production facilities or service areas in enterprises. Sub-problems such as facility layout,
warehouse layout, and production line balancing are critical planning issues that affect the long-term
strategic objectives of decision-makers. These problems generally have a combinatorial structure and
are extremely difficult to solve for large sizes (NP-hard). For instance, the facility layout problem can
often be reduced to the Quadratic Assignment Problem (QAP) formulation, and due to its integrated
structure, only small-sized instances can be solved in a reasonable time by classical methods (Adigiizel,
2012). As a result, exact (optimal) methods fall short in large-scale facility planning problems; hence,
there is a need for metaheuristic approaches capable of effectively searching the solution space to
generate acceptable (near-optimal) solutions (Singh, 2009).
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Tabu Search (TS), developed by Fred Glover in the late 1980s, is a powerful metaheuristic algorithm
that uses memory structures to guide local search methods. Like classical local searches, it seeks
improvements through neighboring solutions. However, the innovative aspect of TS is that it can accept
deteriorating solutions when necessary and can impose prohibitions called “tabu” to keep the search
away from previously visited solutions (Lekketangen, 1995). In this way, TS conducts a broader search
by preventing the solution space from getting stuck, thus escaping local optimum traps.

In this research, the theoretical foundations of the Tabu Search algorithm and its application to advanced
facility planning problems are comprehensively examined. First, the fundamental components and
working principles of TS will be discussed, and then the relationship between TS and facility design and
layout problems will be explained. Important studies in the literature will be compiled, the effectiveness
of TS in NP-hard facility planning problems will be discussed, and TS’s memory structures along with
its optimization strategies (intensification and diversification) will be examined. Finally, the industrial
application potentials (e.g., multi-objective optimization, real-world examples) are evaluated, and future
recommendations are presented within the scope of the findings obtained.

2. THEORETICAL FOUNDATIONS OF THE TABU SEARCH ALGORITHM

Tabu Search is a local search-based metaheuristic algorithm. The local search approach attempts to
improve a current solution by making small changes (neighboring solutions); however, pure local search
often gets stuck in a local optimum. TS introduces two innovative principles to overcome this problem
(Lokketangen, 1995):

e Acceptance of deteriorating moves: If there is no improving move, moves that temporarily
reduce solution quality can also be made, thus allowing the search to continue instead of
stopping at a plateau or local minimum.

e Tabu restrictions: Moves made or solutions visited in the recent past are declared tabu,
preventing the search from immediately returning to the same solutions. These “prohibited”
states remain in effect for a certain duration, equipping the algorithm with an adaptive memory.
These basic principles give TS a non-Markovian character; decisions are made not only based
on the current state but also on previous pauses and moves.

For a successful implementation of the TS algorithm, it is necessary to define its core components
(Glover, 1995):

o Neighborhood Structure and Move: Neighboring solutions reachable from one solution in the
search space are determined by defined moves. For example, in a facility layout problem,
swapping two departments is a move and constitutes the set of neighboring solutions. In each
iteration, the neighborhood set of the current solution is searched to determine the best candidate
move.

e Tabu List: The tabu list, which is the short-term memory structure of tabu search, stores the last
certain number of moves or solution features. If a move or solution is on the tabu list (i.e., it has
already been implemented in the recent past), it is not reconsidered until its tabu period expires.
The tabu list is usually maintained in a FIFO structure with a certain length; this length
parameter (tabu tenure) determines how far back in memory the search looks.

e Aspiration Criterion: In some cases, performing a move that is on the tabu list can lead the
search to a very good solution. The aspiration criterion is a threshold rule that overrides the tabu
rule. The most common aspiration criterion is to allow a tabu move if it leads to a solution better
than any found so far. Thus, good solutions that might be missed due to the tabu list are re-
included in the search.

e Initial Solution and Stopping Conditions: TS usually starts with an initial solution created
randomly or by a problem-specific heuristic. The search proceeds iteratively with the specified
strategy until a stopping criterion is met. The stopping criterion may be a certain number of
iterations, a time limit, or a number of iterations without progress. In some applications,
achieving an acceptable target value is also used as a stopping criterion.
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These components work together to form the mechanism of the Tabu Search algorithm. In general, the
algorithm proceeds as follows: First, an initial solution is created using a random or heuristic method,
and the tabu list is initialized as empty. In each iteration, the neighbors of the current solution are
examined, the best neighbor solution that is not on the tabu list (or is exempt via the aspiration criterion)
is found, and the current solution is updated to that neighbor. The performed move (e.g., the swapped
elements) is added to the tabu list, and if necessary, old records are removed from the list. If this new
solution is better than the best solution found so far, the best solution is updated. The algorithm continues
in this manner until the specified stopping criterion is met. During this process, intensification is
occasionally used to focus on the vicinity of the best solutions, or diversification moves are made to
jump to new regions. Ultimately, the best solution obtained is the approximate optimal solution that the
algorithm can find. The dynamic structure of Tabu Search provides a highly effective search tool for
large-scale combinatorial problems that are often unsolvable by classical methods (Akarsu, 2024).

L 4
Get an initial solution
to the problem

v

Create a candidate list of moves
(i.e if applied to the current solution
yields a new solution)

A

Choose the best admissible candidate
based on tabu restrictions and aspiration
criteria. Apply it to get a new solution

is
the stopping

criterion
fulfilled?

Update admissibility conditions
(i.e update tabu restrictions and
aspiration criteria

Figure 1. General flow diagram of the Tabu Search algorithm (Yange, Onyekwere & Okeke, 2020).

Thanks to the interaction of these core components, the Tabu Search algorithm prevents cyclical
behavior by restricting the search (via the tabu list), while also providing flexibility (through the
acceptance of deteriorating moves and aspiration) for a more extensive exploration of the solution space.
Consequently, TS offers a flexible framework that performs exceedingly well in many different
problems (Singh, 2009). In this context, the following subsections detail the application of TS to
advanced facility planning problems and the related literature in this field.

3. USE OF TABU SEARCH IN FACILITY DESIGN

Facility design in industrial engineering covers topics such as facility layout, facility location,
production line arrangements, and the planning of warehouses and distribution systems. These problems
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generally fall under the NP-hard category, and exact methods are not practical for large sizes. Therefore,
heuristic algorithms like Tabu Search are widely employed in the field of facility design. The following
subsections discuss the major applications of Tabu Search in this area.

3.1. Facility Layout

The facility layout problem aims to arrange departments, machines, or workstations within a factory or
facility in the most optimal way possible. The goal is typically to improve production flow, reduce
transportation costs, and optimize space usage. This problem is often modeled as a Global Layout
Problem or a Production Facility Layout Problem and is frequently reduced to Kantorovich or Quadratic
Assignment Problem (QAP) formulations in the literature. Tabu Search has been widely used as a
method yielding successful results for such layout problems.

For instance, Chiang and Kouvelis (1996) presented an improved algorithm developed to solve the
production facility layout design problem using Tabu Search and enhanced its performance by adding
different intensification/diversification strategies. With this approach, it was reported that the best-
known solutions to many benchmark problems in facility layout were achieved. Similarly, Liang and
Chao (2008) investigated the efficiency of Tabu Search for factory layout optimization and developed
strategies that included various intensification and diversification procedures to improve the solution
quality in classic layout problems (Liang & Chao, 2008). As a result, the multiple search strategies they
proposed outperformed existing heuristic methods, proving more successful in well-known layout
problems (Liang & Chao, 2008).

Similar studies exist in Tirkiye as well. For example, in a master’s thesis, Adigiizel (2012) developed a
Tabu Search-based heuristic algorithm for a facility layout arrangement problem and applied it to some
test problems from the literature. The obtained results were compared with the best-known solutions for
the respective problems, demonstrating the effectiveness of the Tabu Search approach (Adigiizel, 2012).
This study revealed that even in small- and medium-scale layout problems, the Tabu Search method
provides superior performance compared to classical methods. The literature also includes many studies
aimed at improving the solution quality and speed of layout problems by using different tabu strategies
(e.g., adaptive tabu list length, partial layout improvements, etc.). The general trend indicates that Tabu
Search shows highly competitive results, particularly in standard test problems known as the NUG series
and in trials conducted with real factory data (in many cases, it achieves the best-known solution or
results very close to it). One reason for this is that Tabu Search can perform a flexible search suitable
for the discrete decision structure (e.g., swapping units) in layout problems; thanks to its memory
mechanisms, the search process can be dynamically guided by learning, for example, whether having
certain pairs of departments together is advantageous or disadvantageous.

3.2. Facility Location and Positioning

Facility location problems concern determining the locations of newly established facilities (factories,
warehouses, distribution centers, etc.) or existing facilities. The goal is to optimize geographic location
decisions according to criteria such as minimizing costs or maximizing service levels. Among facility
location models are uncapacitated facility location or capacitated facility location problems, as well as
single-level or multi-level location problems. In this area, Tabu Search has produced successful results
in both academic studies and practical applications.

It has been demonstrated, especially in warehouse location or factory site selection problems, that Tabu
Search algorithms can quickly obtain the best-known solutions. Michel and Van Hentenryck (2004)
developed an extremely simple yet effective Tabu Search algorithm for the uncapacitated warehouse
location problem and succeeded in finding the optimal solutions for all standard test problems in the
OR-Library in very short times. This study showed how successful Tabu Search can be in terms of both
solution quality and speed when strategically applied to location problems. Similarly, researchers such
as Al-Sultan and Al-Fawzan (1999) and Ghosh (2003) applied Tabu Search to facility positioning
problems, achieving solution qualities unreachable by classical methods. A literature review noted that
“Tabu search is one of the most frequently used metaheuristic methods in the uncapacitated facility
location problem” (Sun, 2006). The main reason for this is that Tabu Search can define effective
neighborhood moves (e.g., closing one facility and opening another) for the decision variable
“open/close a facility” in these types of problems and can keep the combinatorial explosion of these

| 182



/ /

(7 22" UBAK, 08 - 09 March 2025, Ankara (<~
UBAK UBAK

moves under control with its memory. Moreover, Tabu Search can be easily adapted to facility location
problems of different scales; it can be used in single-facility selection, multiple-facility location, or two-
level (for example, factories and distribution centers together) location problems by appropriately
adjusting parameters and neighborhood structures.

There are also examples in the literature of practical applications of Tabu Search in facility location. For
instance, studies that simultaneously optimize the positioning of factories and warehouses in a supply
chain have shown that Tabu Search and similar methods can produce quite satisfactory solutions using
real-world data. In such applications, Tabu Search often appears as part of hybrid approaches (e.g.,
improving a solution found by Lagrangian relaxation with Tabu Search). Overall, in the face of the
complexity of facility location problems, the adaptable structure of Tabu Search makes it a reliable tool
in decision support systems.

3.3. Production Lines and Warehouse Arrangements

Production line balancing aims to distribute workloads among workstations on a production line and
ensure efficient operation. This problem also has a complex combinatorial structure and involves
assigning different tasks to stations. Tabu Search has been applied to production line balancing and
similar production arrangement problems as well. In particular, Tabu Search-based algorithms
developed to minimize the number of stations or to optimize cycle time in a production line have
achieved successful results in the literature.

In a study by Wen-Chyuan Chiang (1996) applying the Tabu Search method to an assembly line
balancing problem, various search strategies were tested, and it was reported that “except for a few
exceptions, tabu search always finds the optimal solutions.” This study demonstrated how effective Tabu
Search can be for production line problems. Similarly, researchers like Rubinovitz and Levitin (1995)
solved highly constrained (e.g., single model, fixed sequence) assembly line problems with Tabu Search,
obtaining results surpassing those of traditional methods. The success of Tabu Search here lies in special
neighborhood moves (e.g., swapping tasks, moving a task from one station to another) that can be used
in line balancing and the prevention of erroneous cycles through short-term memory. In fact, one study
noted that Tabu Search found a better solution than all known solutions in the literature for a particular
assembly line problem (Chiang & Russel, 1997).

The internal arrangement of warehouses and inventory placement problems constitute another area in
which Tabu Search is applied. The warehouse layout problem aims to optimize the design of shelves,
aisles, and storage areas. In a multi-story warehouse layout problem addressed by Zhang and Lai (2010),
“greedy” and “dynamic neighborhood” variants were added to the standard version of Tabu Search,
ultimately showing that Tabu Search-based approaches significantly reduced transportation costs.
Especially for complex warehouse design problems with constraints such as storing the same product
type in adjacent cells, Tabu Search enabled near-feasible solutions within reasonable times for
combinations too large for classic methods (Zhang & Lai, 2010). This demonstrates the scalability of
Tabu Search for large-scale industrial arrangement problems.

In general, in facility-internal optimization problems such as production lines and warehouse
arrangements, it has been reported that Tabu Search’s flexibility yields good performance for both
single-objective and multi-objective models. For example, in one study, an adaptive Tabu Search was
used for a multi-objective assembly line balancing problem, simultaneously optimizing multiple criteria
such as the number of workstations and line balancing efficiency (Baykasoglu & Demirkol Akyol,
2014). The results showed that Tabu Search could provide a structure capable of balancing different
objectives. In warehouse problems, Tabu Search has often been compared to other heuristic methods
(genetic algorithms, particle swarm optimization, etc.) and has produced competitive or even superior
results in most scenarios. One example is a decision support system study that used Tabu Search for the
layout of a spare parts warehouse; by optimizing internal paths and shelf positions, more than a 15%
increase in efficiency was achieved compared to the existing layout (particularly a significant reduction
in forklift travel distances). Such applications confirm that Tabu Search can bring operational
improvements in practice.
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3.4. Improvement of Logistics and Distribution Systems

Logistics and distribution problems involve the optimization of material and product flows outside of
facilities. Vehicle Routing Problems (VRP), the design of distribution networks, and multi-level supply
chain optimization fall under this category. Tabu Search is considered one of the groundbreaking
methods, especially in vehicle routing and distribution planning problems.

The Vehicle Routing Problem requires determining road plans for a certain number of vehicles to meet
specific demands from multiple customers, and it has many variations (capacitated, time-windowed,
multi-depot, etc.). Since the 1990s, Tabu Search has been a prominent metaheuristic used for nearly
every variety of VRP. Indeed, the statement that “due to its ability to find near-optimal solutions in a
short time, the tabu search algorithm is one of the most widely used methods for all variants of vehicle
routing problems” is frequently emphasized in the literature (Keskitiirk, Topuk & Ozyesil, 2015). In
studies by Gendreau and colleagues between 1994 and 1997, Tabu Search derivatives developed for the
vehicle routing problem with time windows achieved the best-known solutions in many test problems.
Particularly, the adaptive memory tabu search approach proposed by Taillard et al. (1997) produced
solutions with quality and speed unattainable by classic methods, through an innovative neighborhood
strategy that split and recombined routes. In this method, Tabu Search stored the best routes found in a
memory pool and intermittently combined parts of those routes to provide different starting points for
the search; as a result, many classic test problems yielded the best results reported up to that time
(Taillard, Badeau, Gendreau, Guertin & Potvin, 1997).

Studies conducted in Tiirkiye similarly confirm the power of Tabu Search in logistics optimization. For
example, Diindar et al. (2022) applied a Tabu Search-based route optimization to improve a distribution
company’s daily operations, achieving a cost reduction of around 10-15% compared to the existing
manually planned routes. In a comprehensive literature review, Sahin and Eroglu (2014) noted that
compared to other heuristic methods, Tabu Search generally yields better or similar solutions in shorter
times for vehicle routing problems. It is especially emphasized that Tabu Search can effectively explore
complex route changes, thanks to its memory mechanism, in large-scale fleets and customer networks.

Another application in logistics and distribution is distribution network design and supply chain
optimization. These problems address facility location and product flow in an integrated manner across
multiple levels (e.g., factory-warehouse-customer). Tabu Search has also been utilized in such integrated
problems. For instance, in the two-level capacitated facility location and distribution planning problem,
hybrid Tabu Search methods (together with simulated annealing or genetic algorithms) have been
applied to achieve multi-objective improvements in a reasonable time, even for very large-scale
problems (Nguyen, Pham, Chanta & Sangsawang, 2025). The advantage of Tabu Search here is its
ability to effectively search both facility opening/closing decisions and flow decisions (e.g., which
customer gets served from which warehouse) simultaneously. In multi-objective scenarios (e.g.,
optimizing cost and time together), algorithms based on Tabu Search have also been developed to find
Pareto-optimal solutions. For example, one study used a variant of Tabu Search called Multi-Objective
Tabu Search (MOTS) to simultaneously optimize total cost and maximum travel time in a logistics
network design, successfully providing a range of options to the decision-maker (Nguyen, Pham, Chanta
& Sangsawang, 2025). These results show that Tabu Search can also be adapted to obtain a solution
frontier (trade-off solutions) instead of a single best solution.

In summary, Tabu Search has proven to be a successful method in both academic research and industrial
applications for improving logistics and distribution systems. Subproblems such as real-time routing
(e.g., adapting the daily plan to traffic and demand fluctuations), driver assignment and shift planning,
and inventory-location coordination are also areas where Tabu Search has been applied. Many logistics
software and decision support tools perform optimization using modules that incorporate Tabu Search
or its variants. The underlying reason for this is that Tabu Search possesses the flexibility to handle
complex constraints and large solution spaces, producing high-quality solutions within acceptable times.
Modern literature notes that thanks to especially adaptive (wave-like) versions and parallel
implementations, Tabu Search can even be applied to large-scale real-time logistics problems.
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4. ACADEMIC STUDIES AND EXAMPLES IN THE LITERATURE

It will be useful to examine some noteworthy academic studies in the literature to highlight the
importance of Tabu Search in the field of facility planning and design. In this section, examples from
selected theses, articles, and books are provided, summarizing the performance of Tabu Search on
different problems and the approaches used.

Thesis Center Examples: Among the studies in the YOK Thesis Center, there are many theses related to
Tabu Search. For instance, in the doctoral dissertation by Canan Hazal Akarsu (2024), a “Konteyner
Yiikleme Problemleri icin Tabu Arama ve Pekistirmeli Ogrenme Tabanh Bir Hibrit Yaklasim” was
developed. In this study, classical Tabu Search was combined with a machine learning method, namely
reinforcement learning, and applied to complex container loading problems, achieving stable and high-
quality solutions on real datasets. It was particularly shown that the hybrid approach sometimes
converged faster and produced more stable results compared to pure Tabu Search. Another study from
the YOK Thesis Center, conducted by Ayse Nur Adigiizel (2012) and mentioned earlier, involves a
Tabu Search algorithm for a facility layout problem; in this thesis, the Nugent (NUG) test problems
from the literature were solved with Tabu Search, and in many cases, optimal values or very close results
were obtained. This thesis demonstrates the significance of Tabu Search as a research and educational
tool in the industrial engineering departments of universities.

DergiPark and Local Academic Journals: In Turkish-language articles published on DergiPark, one can
also find applications of Tabu Search. For example, in the article by Sahin and Eroglu (2014) in the
Isletme Bilimi Dergisi, which compared heuristic methods for vehicle routing problems, it was
emphasized that Tabu Search exhibits a high level of performance, especially in large-scale distribution
problems. The article notes that when Tabu Search is used in conjunction with classic improvement
algorithms such as 2-opt, it provides near-optimal results even for large-scale VRP instances.
Additionally, Keskintiirk, Topuk, and Ozyesil (2015), in a review study examining different vehicle
routing algorithms, stated that Tabu Search is one of the most commonly preferred methods in the
literature. In journals such as the Journal of Turkish Operations Management, there have also been
publications comparing Tabu Search—used in a hybrid manner with genetic algorithms or simulated
annealing for logistics network optimization—with other methods. These local sources show that Tabu
Search is also popular in research in Tiirkiye and has been tested in various problem domains.

International Academic Articles: A Google Scholar search with the keywords Tabu Search and facility
planning can reveal thousands of international publications. Among these, if we mention some classic
works: Glover and Laguna’s (1997) book Tabu Search provides an in-depth examination of the
algorithm’s theoretical foundation and various applications, serving as a fundamental reference for
researchers. Articles published by Hertz, Taillard, and de Werra (1991) showed adaptations of Tabu
Search for different combinatorial problems such as graph coloring and assignment problems. Barnes
and Chambers (1995) investigated the use of Tabu Search in production planning problems, reporting
significant improvements in periodic scheduling issues. Yang, Ni & Yang (2021) applied Tabu Search
to a multi-layered supply chain design problem, addressing both cost and delivery time optimization
with a hybrid solution approach. The common point in these studies is that they demonstrate the
versatility and adaptability of Tabu Search. Even though the problems differ (assignment, scheduling,
route planning, layout, etc.), the fundamental principles of Tabu Search have yielded successful results
with minor adaptations.

A Few Example Outcomes: Highlighting a few concrete results from the literature: Tabu Search held
the best-known solution for many years in a 30-unit facility layout problem known as Nug30; in the
classical Solomon benchmarks for the time-windowed VRP, many of the best-known solutions have
been provided by Tabu Search-based algorithms; in another study, a Tabu Search algorithm applied to
a rolling mill scheduling problem in the steel industry improved production plans by about 5% compared
to manual planning, indicating millions of dollars in potential savings. These examples document the
practical benefits of Tabu Search in the literature.

The academic studies mentioned above demonstrate how powerful Tabu Search is in both theory and
practice. Especially in facility planning problems where combinatorial explosion is significant, Tabu
Search generally appears in the literature as a “benchmark” method—performance is measured by
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comparing any new method developed against Tabu Search. This status indicates the esteem and
reliability Tabu Search holds in the field.

5. APPLICATION POTENTIALS AND FUTURE DIRECTIONS

The application potential of the Tabu Search approach within the scope of advanced facility planning is
quite broad. Both successful applications to date and emerging technology trends indicate that Tabu
Search will continue to be an important optimization tool in the future. In this section, drawing on real-
world scenarios, the application potentials of Tabu Search, multi-objective optimization frameworks,
and possible directions for future research are evaluated.

Real-World Scenarios and Industrial Use: Tabu Search has moved beyond academia and found its place
in industrial decision support systems as well. For example, in a large-scale cargo company’s daily
distribution planning software, it was reported that a Tabu Search-based module resulted in 10% fewer
vehicles being used compared to manual planning and improved delivery times. Similarly, in a
production facility’s job-shop scheduling problem, significant reductions in total production time were
achieved by optimizing job sequences using Tabu Search. In the airline industry, Tabu Search has also
been successfully applied to flight scheduling and crew planning problems; major airlines have used
Tabu Search-based software to plan pilot and cabin crew rotations, minimizing operational disruptions.
These examples show that, thanks to its flexible structure, Tabu Search can be adapted to optimization
problems in different sectors. It is particularly preferred for problems in logistics, production, and energy
sectors, where variables need to respond quickly and the solution space is enormous. In real-time
applications (such as intelligent traffic management or real-time production planning), parallel and
distributed versions of Tabu Search are employed to enable rapid decision-making. On modern
computing systems, a Tabu Search algorithm can be distributed across different cores or machines,
searching multiple solutions simultaneously. Such improvements have further expanded the use of Tabu
Search in industrial applications. In short, Tabu Search is widely used in real-world scenarios, either as
an independent optimization tool or as part of larger systems (e.g., a decision-making module within a
simulation model).

Multi-Objective Optimization and Decision Support: In facility planning problems, there is often more
than one performance criterion (for example, cost, time, flexibility, service level, environmental impact).
Applying Tabu Search to multi-objective optimization problems offers a rich area for future research.
Although some studies in the literature have developed Multi-Objective Tabu Search (MOTS), these
methods are not as mature as their single-objective versions. From an application potential perspective,
consider a decision-maker aiming to optimize both the cost and environmental impact of a facility: Tabu
Search could evaluate multiple objective functions with different weights in the solution pool and
present a set of Pareto-optimal solutions. This would allow the decision-maker to see different scenarios
and make a choice. For example, in a distribution network optimization where a balance is sought
between total cost and carbon emissions, Tabu Search could minimize these two criteria at varying
balances in different solutions, creating a portfolio of options. In the future, it is expected that multi-
objective versions of Tabu Search will be enriched with more intelligent aspiration criteria and memory
structures, offering decision-makers an interactive optimization experience. In this way, the user can
guide the search process while the algorithm is running (for example, “Increase the cost slightly, but
reduce the delivery time”), which would be highly valuable in decision support systems.

Integration and Hybrid Approaches: Another future direction is to hybridize Tabu Search with other
methods. Indeed, many current studies already use Tabu Search alongside genetic algorithms, simulated
annealing, particle swarm optimization, or artificial neural networks. For instance, Tabu Search can be
used as a local improvement step in a genetic algorithm (an approach known in the literature as a
memetic algorithm). Conversely, Tabu Search can be supported by a population-based (genetic-
inspired) approach to find different initial solutions. These types of hybrids aim to combine the strengths
of each method. Specifically in facility planning, Tabu Search can play an important role in simulation-
optimization integrations: if optimizing a complex production facility in a closed form is difficult, a
simulation model can be built, and Tabu Search can be directed based on performance outputs provided
by the simulation. Thus, effective searches can be conducted even in stochastic and dynamic systems.
Future research will likely integrate Tabu Search more with artificial intelligence techniques. In
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particular, the integration of Tabu Search with reinforcement learning is a very interesting area—Akarsu
(2024) took a step in this direction in her dissertation. In the future, Tabu Search may have an artificial
intelligence module capable of learning its own strategies and adapting which neighborhood move to
use when, based on past experiences. This would reduce the need for manual parameter tuning for each
problem, allowing the algorithm to behave as it learns from its environment. Indeed, Glover (1995)
emphasized “intelligent search” principles in his work and foresaw that Tabu Search’s rule sets could
be learnable. Today, with the advancement of machine learning techniques, this foresight has the
potential to become a reality.

6. CONCLUSION AND RECOMMENDATIONS

In this study, the theoretical framework of the Tabu Search (TS) algorithm and its applications in
advanced facility planning problems have been examined in detail. The components of TS—such as the
tabu list, neighborhood structure, and aspiration criterion—and its short-, medium-, and long-term
memory mechanisms have been explained, illustrating how the algorithm enhances local search
processes. Within the context of advanced facility planning, it has been observed that TS is a significant
solution tool for NP-hard problems like facility layout, warehouse layout, and production line
arrangement. A review of the literature revealed that methods supported by TS often achieve solution
quality unattainable by classical methods, can operate within reasonable times for large-scale problems,
and can be adapted to various requirements (e.g., multi-objective, fuzzy, hybrid approaches) through
different customizations.

Recommendations for Decision-Makers:

e Managers and engineers dealing with advanced facility planning problems will greatly benefit
from becoming closely acquainted with modern heuristic tools like Tabu Search. In large-scale
layout, location, and scheduling problems—where reaching an optimal solution with traditional
methods is difficult or impossible—TS can provide high-quality solutions in a short time,
creating a competitive advantage.

o Businesses that optimize a factory layout with the help of TS can significantly reduce material
handling distances and costs. Similarly, production facilities that continuously improve
production schedules using TS can adapt more quickly to changing order conditions, thereby
increasing operational efficiency.

e The widespread use of TS-based decision support systems in industry can offer substantial cost
savings and flexibility, particularly in logistics, production, and supply chain domains.

Recommendations for Future Research:

o Parameter Optimization and Adaptability: Parameters such as tabu list length, number of
iterations, and neighborhood structure directly affect the performance of TS. “Reactive” or
“learning” tabu search approaches that can automatically or adaptively adjust these parameters
may improve solution quality and computational efficiency.

o Big Data and Real-Time Applications: With technologies such as Industry 4.0 and the Internet
of Things (1oT), data flow in optimization problems has become continuous. Adapting TS to
utilize this ongoing data and make instant decisions (in real-time or near real-time) is critically
important, especially in dynamic logistics and production planning scenarios.

¢ New Neighborhood and Memory Structures: Defining problem-specific special neighborhoods
can enhance the effectiveness of the search. For example, in production scheduling problems,
neighborhood moves designed for critical jobs or diversification strategies based on
geographical clustering in logistics networks can advance the performance of Tabu Search.

e Theoretical Analysis: Although TS achieves successful practical results, its guarantees for
reaching an optimal solution under certain conditions and its complexity analyses have yet to
be fully established. Investigating and proving how parameter choices affect the search space
will strengthen the theoretical foundation of the algorithm.
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o Application to Different Problem Areas: TS also holds significant potential in areas where it has
been relatively less explored, such as problems in continuous space, fractional optimization, or
dynamic/evolutionary scenarios. Redesigning TS’s neighborhood and tabu strategies for these
types of problems presents new research opportunities.

In conclusion, the Tabu Search algorithm is a valuable tool for solving advanced facility planning
problems due to both its theoretical robustness and practical flexibility. The findings presented in this
report show that when TS is suitably adapted and utilized, it delivers highly successful results in facility
design, layout, and related areas. In the future, efforts to adapt TS to new problem domains, integrate it
into multi-criteria and uncertainty-based decision problems, and improve computational efficiency will
further extend the capabilities of this powerful metaheuristic method. Particularly through hybrid and
adaptive methods, TS is expected to continue offering flexible and high-quality solutions to decision-
makers in dynamic and complex environments. In this regard, the academic accumulation of knowledge
about Tabu Search and the experiences gained from industrial applications will continue to make
significant contributions to advanced facility planning and, more generally, to the field of optimization.
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Taban Halis1 ve Pur Uretilebilirlik Problemi ve Ergonomi Acisindan Incelenmesi

Arastirmaci Burak Barlskanl
Tofas Tiirk Otomobil Fabrikas1 A.S.

Ozet: Otomotiv i¢ mekdn bilesenleri hem yolcularin konforunu artirma hem de agirlik azaltma ve cevresel etkiyi
minimize etme ag¢isindan biiyiik énem tasimaktadir ve araglarin zemin kaplamalarinda kullanilan taban halist
sistemleri, akustik ve termal yalitim saglamamn yani sira, siiriicii ve yolcular igin ergonomik bir kullanim sunarak
giivenligi ve konforu dogrudan etkilemektedir. Taban halisi, tipik olarak nonwoven (dokusuz yiizey) tekstil esasl
bir iist katman, farkli yogunluk ve kompozisyonda bir destek katmani ve ¢esitli baglayict malzemelerden olusan
cok katmanh bir yapiya sahiptir. Uretiminde yaygin olarak polipropilen (PP), polietilen terefialat (PET) ve
poliamid (PA) gibi termoplastik bazli elyaflar kullamlmakta olup, bu malzemeler hem hafiflik hem de maliyet
agisindan avantaj saglamaktadir. Bunun yam swra, taban halilarinin altinda yer alan destekleyici katmanlar ve
ses yutucu malzemeler, otomobilin akustik performansini artirarak titresim ve giiriiltiiyii azaltmada kritik bir rol
oynamaktadir. Ancak, poliiiretan kopiiklerin tiretim stirecinde karsilasilan bazi teknik zorluklar ve maliyet-etkinlik
problemleri, endiistride alternatif ¢oziimler iizerine arastirmalarin yogunlasmasina neden olmustur. Bu
¢alismada, otomotiv sektoriinde taban halist iiretiminde karsilasilan iiretilebilirlik problemleri ve ergonomik
degerlendirmeler detayli bir sekilde ele alinacaktir. Ozellikle PUR bazh destek katmanlarimn iiretim
stireglerindeki teknik zorluklar, malzeme segiminin tiretim verimliligi ve arag i¢i konfor iizerindeki etkileri
incelenecektir.

Anahtar Kelimeler: Taban Halisi, Ses Izolasyonu, Akustik, Uretilebilirlik
Examination of Vehicle Floor Carpet and Pur in Terms of Manufacturability Problems and Ergonomics

Abstract: Automotive interior components are of great importance in terms of both increasing passenger comfort
and reducing weight and minimizing environmental impact, and the floor carpet systems used in vehicle floor
coverings directly affect safety and comfort by providing acoustic and thermal insulation as well as ergonomic
use for the driver and passengers. The floor carpet typically has a multi-layered structure consisting of a nonwoven
textile-based upper layer, a support layer of different densities and compositions, and various binding materials.
Thermoplastic-based fibers such as polypropylene (PP), polyethylene terephthalate (PET), and polyamide (PA)
are commonly used in its production, and these materials provide advantages in terms of both lightness and cost.
In addition, the supporting layers and sound-absorbing materials located under the floor carpets play a critical
role in reducing vibration and noise by increasing the acoustic performance of the car. However, some technical
difficulties and cost-effectiveness problems encountered in the production process of polyurethane foams have led
to an intensification of research on alternative solutions in the industry. In this study, the manufacturability
problems and ergonomic evaluations encountered in the production of floor carpets in the automotive sector will
be discussed in detail. In particular, the technical difficulties in the production processes of PUR-based support
layers, the effects of material selection on production efficiency and interior comfort will be examined.

Keywords: Floor Carpet, Sound Insulation, Acoustics, Manufacturability

1. GIRIS
Otomotiv endiistrisi, son yillarda hem iiretim teknolojileri hem de malzeme bilimi agisindan énemli
gelismeler kaydetmis olup, bu gelismelerin biiylik bir boliimii arag ici konfor, giivenlik ve

siirdiiriilebilirlik iizerine odaklanmaktadir. Ozellikle i¢ mekan bilesenleri hem yolcularin konforunu
artirma hem de agirlik azaltma ve ¢evresel etkiyi minimize etme agisindan biiyiilk 6nem tagimaktadir.
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Bu baglamda, araglarin zemin kaplamalarinda kullanilan taban halist sistemleri, akustik ve termal
yalitim saglamanin yani sira, siiriicii ve yolcular i¢in ergonomik bir kullanim sunarak giivenligi ve
konforu dogrudan etkilemektedir.

Taban halis, tipik olarak nonwoven (dokusuz yiizey) tekstil esasli bir {ist katman, farkli yogunluk ve
kompozisyonda bir destek katmani ve gesitli baglayict malzemelerden olusan ¢ok katmanli bir yapiya
sahiptir. Uretiminde yaygm olarak polipropilen (PP), polietilen tereftalat (PET) ve poliamid (PA) gibi
termoplastik bazli elyaflar kullanilmakta olup, bu malzemeler hem hafiflik hem de maliyet acisindan
avantaj saglamaktadir [1]. Bunun yani sira, taban halilariin altinda yer alan destekleyici katmanlar ve
ses yutucu malzemeler, otomobilin akustik performansini artirarak titresim ve giiriiltiiyii azaltmada
kritik bir rol oynamaktadir.

Ancak, politiretan kopiiklerin tiretim siirecinde karsilagilan bazi teknik zorluklar ve maliyet-etkinlik
problemleri, endiistride alternatif ¢oziimler lizerine arastirmalarin yogunlasmasina neden olmustur. Bu
calismada, otomotiv sektoriinde taban halis1 iiretiminde karsilagilan iretilebilirlik problemleri ve
ergonomik degerlendirmeler detayl bir sekilde ele alinacaktir. Ozellikle PUR bazli destek katmanlariin
iretim siireglerindeki teknik zorluklar, malzeme seciminin iiretim verimliligi ve ara¢ i¢i konfor
iizerindeki etkileri incelenecektir. Taban halisi sistemlerinin liretim siirecleri, malzeme kompozisyonu
ve Uretim yontemi agisindan otomotiv iireticilerinin belirledigi teknik spesifikasyonlara ve
regililasyonlara uygun olarak sekillenir. Hali katmanlarmin bir araya getirilmesi igin enjeksiyon
kaliplama, termoform, sicak presleme gibi ¢esitli yontemler kullanilirken, baglayici olarak poliiiretan
(PUR), poliolefin bazli yapistiricilar veya termoplastik elastomerler tercih edilmektedir [2]. Ozellikle
PUR esasl destek katmanlari, darbe emici 6zellikleri ve esneklikleri sayesinde ergonomik avantajlar
sunmakta ve arag icerisindeki titresimleri soniimleme noktasinda etkili olmaktadir.

Sekil 1. Aracta kullanilan izolatorler [3]

pise insulation
i insulating

‘ : Trunk :3 - soundproof ,damping
P '

3

™
" Y

Doors-- sound insulating, damping

Floor-- sound insulating, dampin jsound insulating, damping

on and noise

Taban halisinin tasariminda bazi kriterler vardir ve bu tasarim Kriterleri normlarla dokiimante edilerek
degismez kural olarak kayit altina alinmigtir. Bu tasarim kriterleri belirlenirken gesitli girdiler goz
oniinde bulundurulmaktadir. Bunlardan bazilarini; {iretim teknolojisi, hammadde, giivenlik kurallar1 ve
ergonomi degerleri olarak siralayabiliriz.

Taban halisinin alt katmam olan poliiiretan iiretiminde minimum kalinlik olduk¢a 6nemlidir, bunun
nedeni de poliiiretan iiretiminde kullanilan kimyasal formiil nedeniyle belli bir noktadan enjekte edilerek
parcanin tiimiine niifuz etmesi beklenmektedir. Fakat ayni zamanda poliiiretan formuna karar veren yap1
arag sasisidir ve sasi lizerindeki metal braketlerin girintili ve ¢ikintili yapisi nedeniyle taban halis1 altinda
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kalan poliiiretan tasarimi sinirli olabilmektedir. Diger yandan taban halisinin {ist yiizeyinin sinirlarini da
ergonomik degerler belirlemektedir.

Onerilen ¢oziimler, akustik performans, maliyet etkinligi, iiriin agirh@ ve atik azaltma alanlarinda
rekabet avantaji saglamali ve ¢evre dostu ve siirdiiriilebilir tiretim ¢dziimleri 6nermelidir. [4]

Sekil 2. Bir aracin taban halisi [5]

Sekil 3. Taban halisi; PUR ve sasi etkilesimi

\_\_j__ __________ B ;&}\\3

SONUC

Poliiiretan tiretiminde beklenen minimum kalinliga ulagilamadigi durumda, taban halismin {ist kismi
olan ayak basma alam yukar1 kaldirilmalidir fakat bu da ergonomik degerleri olumsuz etkilemektedir.
Bunun ¢6zlimii olarak da ergomomik beklentiler incelenerek gerekli tasarim degisikligi uygulanmalidir.
Buradaki en 6nemli ergonomik girdi, manken ayakkabisi ve manken ayakkabisinin topugudur ve bu
ayakkabi1 topugunun haliya temas edebilecegi sinirdir.

Manken ayagimn taban halismma temas ettigi noktayr sabit tutarak ayak basma alamnin agis
degistirilebilir. Bu aciyr X derece saat yoOniiniin tersinde degistirmek, ergonomik hedefleri
etkileyebilecegi i¢in bu degisimi yaparken gerekli ergonomik sonuglari incelemek ve gerekliyse fiziksel
denemeler yaparak en fazla ulasilabilecek a¢1 degerine karar vermek gerekir.

Taban halisinda, manken ayag1 topuk temas noktasini sabit tutarak X agisini degistirmek, taban halist
altindaki poliiiretan ile sasi braketi arasindaki minimum mesafenin uygun degere gelmesine katki
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saglayacaktir. Bu da poliliretanin minimum kalinligin1 ve iiretim metodunun ger¢eklesmesini
saglayacaktir.

Sekil 4. Taban halis1 ayak basma alam
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Bagaj Esik Kaplama ve Kilit Kancas1 Hareketli Kapagi Arasi1 Baglanti Tasarimi
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Ozet: Bildiriye konu olan ¢alisma, iist segment otomobillerde bagaj yiikleme alaninda bavullarin ve kapt bosluk
fitilinin zarar gormesini engelleyen bagaj esik kaplamasinda kilit kancasini ve gévdeye baglanti civatalarim
gizlemek i¢in kullanilan hareketli kapak baglanti tasarumi ile ilgilidir. Esik kaplama iizerindeki hareketli kapak
kilit kancasin gizlemek icin kullanilir ve aracin miisteri kalite algisini arttirir. Hareketli kapaklar aracin kalite
algismi arttirdigr gibi kilit ile temash ¢calistigi icin ses, ¢izilme, kirtlma, sikigma gibi kalite problemlerine de sebep
olabilir. Bu ¢aliymanin amaci;, Maliyet artisi getirmeden, mevcut baglanti kulesi (magasi) kullanilarak hareketli
kilit kancast kapagimn bagaj esik kaplamaya baglantisi icin tuirnak yapilarinin yapilabilirligini saglamak, yenilik¢i
merkez tirnak kilitleme sistemi sayesinde kapak merkezinde ¢cap sabitlemesi saglamak, ¢calisma agilari, kilit ve kilit
kancast kapagimin ilk ve son temasi, yay pozisyonlarinin fiziksel hesabi ile belirlenmesi, arag tizerinde kapagin
nominal pozisyondan rijit ve giivenilir bir sekilde tekrarli ¢alismalarda pozisyonunu korumaswmni, yerinden
¢ctkmamasim, kilit ile kilit kancast arasinda sikisma problemini ¢ozmesi, hareketli kapak mil kisminda kullanilan
metal ek parcayi iptal ederek par¢a yapisini basitlestirmek ve par¢a maliyeti diisiirerek ayni zamanda problemsiz
bir kilit kancasi hareketli kapag tasarimini gelistirmek. Imalat: yapilan esik kaplama ve kilit kancasi kapaginin
arag iizerine montajlanarak fiziksel testlerin yapilmasi, pargay: seri iiretimden devreye alma ve yeni projelerde
referans model olarak kullanimini saglamaktir.

Anahtar Kelimeler: I¢ Trim, Plastik Montaji, Esik Kaplama, Otomotiv, Kapak, Kilit Kancasi
Fixing Design Between Trunk Scuff Cover and Lock Hook Movable Cover

Abstract: The study in this paper is related to the movable cover connection design used to hide the tailgate lock
and the housing fixing bolts in the trunk scuff trim in upper segment automobiles. The movable lock cover on the
truck scuff is used to hide the lock and increases the customer quality perception of the vehicle. While moving caps
increase the perception of quality of the vehicle, they can also cause quality problems such as noise, scratching,
breakage and squeezeing since they work in contact with the lock. The purpose of this study is; to connect the
movable lock cover to the trunk scuff trim using the existing doghouse without increasing the cost, to provide
diameter fixation at the cover center thanks to the innovative center locking system, to ensure that the cover
maintains its position rigidly and reliably from the nominal position on the vehicle in repeated operations with the
physical calculation of the working angles and spring positions, to prevent displacement, to solve the problem of
squeezeing between the lock and the lock hook, to simplify the part structure by canceling the metal additional
part used in the movable cover shaft part and to reduce the part cost, and at the same time to develop moving hook
lock cover design without problem and to ensure its use as a reference model in new projects.

Keywords: Floor Carpet, Sound Insulation, Acoustics, Manufacturability.

GIRIS

Otomobillerdeki plastik esik kaplama; bagaj yiikleme alani alt kisimda bulunan (PP) malzemeden
iiretilen kaplama pargasidir. Otomobil bagajina esya, bavul ve benzeri yiikleme ve bosaltma sirasida
aracin govdesinin, kap1 bosluk fitilinin, kilit veya kilit kancasinin zarar gérmesini dnlemek veya
yiiklenen, bosaltilan esyalarin deformasyonunu 6nlemek i¢in kullanilan islevsel kaplama pargasidir.
Bagaj esik kaplama pargasi iizerinde bulunan (PC ABS) malzemeden iiretilen hareketli kapak; estetik
olarak goriinmesini istemedigimiz kilit mekanizmasini (kanca ve civatalar) gizlemek i¢in kullanilan
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gorsel ve islevsel olarak aracin miisteri kalite algismi arttiran bir pargadir. Onceki projelerde ve rakip
ara¢ incelemelerinde goriilen benzer problemler degerlendirilerek yaptigimiz yeni projede tasarim
asamasinda imalat sonrasi ¢ikabilecek hatalar 6ngoriilmiis ve ¢oziim onerileri gelistirilerek imal edilecek
iirlinler tizerinde tasarim ¢oziimleri uygulanmistir. Ayrica yenilik¢i tasarim ¢oziimleri ile hedeflenen
onceki projeler ve rakip araglara gére daha diislik yatirim (Kalip) ve daha diisiik parga basi maliyet ile
hatasiz, giivenilir ayn1 zamanda rekabetgi bir iiriin elde etmektir.

Sekil 1. Bagaj esik kaplama arag tizerinde goriintiisii

"

o =
- Jof
Siirtiireneli hareket |
irtiineneli hare “h

®

3. C-C Kesiti

1. Durum; kapt agik durumdan kapali duruma gecerken kilidin, kilit kancas1 kapagi ile ilk temas1
gostermektedir; bu durumda kilit siddetli bir sekilde kilit kancasi kapagi ile ¢arpisir.

2. Durumy; Kilit kancasi kapagi donme ekseninden donerken kilit siirtiinmeli bir sekilde kilit kancas1
kapag tizerinde hareket eder.

3. Durum; Kapi1 kapali pozisyonudur ve kilit, kilit kancas1 kapagina kap1 kapali oldugu siirece siirekli
baski yapar.

Geleneksel ¢oziimde; bagaj esik kaplamasinda hareketli kilit kanca kapagimn montaji1 i¢in yapilan
baglant1 tirnaklarmi kaliptan ¢ikarmak i¢in kalipta ek macgalar kullanilmaktadir. Kullanilan ek macalar
kalip yatirim maliyetinin artisina neden olmaktadir. Ayrica hareketli kapaklarda kenarlarda ve merkezde
nominal pozisyondan ka¢ma, yerinden c¢ikma ve kilit ile kanca arasma sikigsma problemleri
goriilmektedir.
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1-Bagaj Esik Kaplama 2- Hareketli Kilit Kanca Kapag1 3- Hareketli Kilit Kanca Kapagi Montaj
Tirnagi

4- Baglant1 Kulesi ve Kapak Montaj Tirnagi Maga Yonii 5- Baglant1 Kulesi ve Kapak Montaj
Tirnag:

6- Hareketli Kilit Kanca Kapagi Merkez Baglant1 Tirnag1 7- Hareketli Kilit Kanca Mili 8-
Hareketli Kilit Kanca Yay1 9-Kilit Mekanizmasi
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Sekil 3. Geleneksel Bagaj esik kaplamasi

Sekil 5. Yenilik¢i bagaj esik kaplamasi
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Sekil 7. Yenilik¢i maga Sekil Sekil 8. Yenilik¢i maca alan

Geleneksel baglant1 kulesi (4) ile geleneksel hareketli kilit kancasi kapagi montaj tirnagt (5)
birlestirilerek rijit bir yap1 saglanmis ve hareketli kapak donmesi esnasinda kapagin eksenden kurtulma
ihtimali minimize edilmistir. Geleneksel yontemle sadece gdvdeye baglanti ve referanslama gorevi
bulunan baglant1 kulesi, yenilik¢i ¢oziimle hareketli kapagin daha giivenilir ve rijit bir yapiyla
sabitlenmesini saglamistir. Sekil 8 ‘da kesikli. Kirmizi ¢izgilerle gosterilen ve kalipta tek magadan
cikan yapi kilit kancasi hareketli kapaginin kilitlenmesine, ¢alisma ekseninin korunmasina ve tirnagin
daha saglam bir hal almasini saglamaktadir.

Sekil 9. Bagaj esik kaplama Sekil 10. Hareketli kapak detay goriintiisii

Sekil 11. Yay kilit mesafesi.

e’

1> (

e _

Tirnak baglantilarma diisen yiikii minimize edebilmek adina yaylar kilit mekanizmasinin temas
yilizeyine miimkiin oldugunca yaklastirilmis Sekil. 11° de ve tirnak, yay, temas noktalar1 araliklari
miimkiin oldugunca esit mesafede pozisyonlandirilmistir bu sayede kapakta Sekil 12 (a) da burulma
etkisinden kaynakli eksenden kagma gibi durumlarin ortadan kalkmasini saglanmistir. Burulma etkisi
genelde eksen kaymasma neden oldugu icin kapagmn tirnaklardan kurtulmasina neden olmaktadir.
Kullanilan yay kapagi kapali pozisyonda Sekil 12 (b) de tutacak kadar direngli olmali. Fakat gereginden
fazla direngli olmas1 durumda da kilit ile temash ve siirtiinmeli ¢alistig1 i¢in kapak {lizerinde ¢izilme,
deformasyon, sesli ¢alisma gibi problemlere neden olabilir.
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Sekil 12. Yay 6n gergili A-A Kesiti Sekil 13. Merkez baglant1 tirnagi B-B Kesiti
(a) (b) (b)
/ ) q
- —— wit

Geleneksel ¢oziimden farkli olarak bulusta Sekil.13 (a) de gosterilen A Olgiisii B 6lgilisiinden kiigiik
olacak sekilde tasarim yapilmig, bu sayede hareketli kilit kancas1 kapaginin nominal pozisyondan
uzaklagmasi engellenmistir. Kapak montajinin kolaylastirilmasi igin hareketli kilit kancas1 kapagini
sikistiran merkez sabitleme tirnagi montaj esnasinda Sekil.13 (b) de gosterilen ok dogrultusunda hareket
etmekte, montaj sonrasi nominal pozisyonuna geri gelmekte ve kapag kilitlemektedir.

Sekil 14. Kilit ve kapak arasindaki kritik olgiiler. Sekil 15. Geleneksel ¢oziim 6rnekleri.

Kilit mekanizmasinin kapak dénmesine ve yay gerilimine etkisi incelendiginde kapak donme agisi ile
yaylardaki gerilim arasinda dogru oranti oldugu goriilmektedir. Bu nedenle kapak dénme ekseni
iyilestirilmis ve kapagin geleneksel ¢oziimlerden daha az donmesi saglanmistir. Ayrica kapagin agik
pozisyon ylizeyi ile kilit mekanizmasi yiizeyi arasindaki agi1 paralelden uzaklastikca kapagin sikisma
riskini ortadan kaldirmaktadir.

SONUC

Merkez bolgesinde yapilan yenilik¢i kilitleme sistemi sayesinde de merkezden ka¢cma elemine
edilmistir. Geleneksel uygulamalarda fazladan tirnak basina minimum birer adet maga kullanilmaktadir
ve Uretilen tirnaklar yeterli saglamliga sahip olmadigi i¢in esnemekte ve kilit kanca kapak mekanizmas1
hareketi esnasinda nominal degerden uzaklagmaktadir. Yenilik¢i ¢6ziim ile hali hazirda baglanti
kulesinde kullanilan magadan iiretilecek sekilde tirnak tasarimi yapilmis, kalipta ek maca maliyeti
ortadan kaldirilmis ve tirnak yapisi baglanti kulesine bagh {iiretildiginden, tirnak yapisinin istemsiz
esnemesi, kapak mekanizmasinin hareket esnasinda nominalden uzaklagsmasi minimize edilmistir. Yay
baski kuvveti, tirnaklar ve yay arasindaki mesafeler optimize edilerek montaj tirnagi basina diisen yitk
azaltilmigtir. Kapak mili donme ekseni kapagin islevini yerine getirebilecegi en kiiciik acgidan
pozisyonlandigi i¢in tekrarli fiziksel, yaslandirma testlerinde kapak iizerinde istenmeyen kirilma,
cizilme, sikisma gibi problemler goriilmemistir.
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Ozet: Bu calisma, otomotiv endiistrisinde yiizey goriiniimii ve performansindaki renk, desen ve gloss seviyesi
arasindaki iliskiyi arastrmaktadir. Ug kavram, renkli plastik par¢alarda birbirleriyle iliskilidir. Bu ii¢ faktor,
plastik bilesenlerde kullanilan malzemelerin gorsel ve fonksiyonel o&zelliklerini belirlemede dnemli bir rol
oynamaktadir. Bu aragtirma, farkl yiizey derinliklerinin gloss seviyelerini nasil etkiledigini ve bu etkilesimlerin
estetik ozellikler iizerindeki etkisini incelemektedir. Deneysel analiz farkli gloss seviyeleri, renkler, dokulara sahip
ornekler kullanilarak yapilmis ve sonuglar gorsel inceleme ve performans testleri ile degerlendirilmistir. Bulgular,
desen derinliginin gloss degerini onemli élgiide etkiledigini ve renk algisimin farkl gloss seviyeleriyle nasil
degistigini ortaya koymaktadir. Bu sonuglar, otomotiv endiistrisinde yiizey yapisini ve tasarim se¢imlerini optimize
etmek igin degerli bilgiler sunmakta olup, tiriinlerin hem estetik hem de fonksiyonel ézelliklerini gelistirmek icin
veni yaklasimlar iizerinde tartismalar yapmaktadur.

Anahtar Kelimeler: Gloss Seviyesi, Desen Derinligi, Renk, Estetik Ozellikler, Gérsel Degerlendirme

The Relationship Between Color, Texture and Gloss Characteristics and Their Impact On Aesthetic
Perception

Abstract: This study investigates the relationship between color, texture and gloss level in surface appearance and
performance in automotive industry. Three concepts are related to each other in mold in color plastic parts. These
three factors play a crucial role in determining the visual and functional properties of materials used in plastic
components. This research examines how different surface depths affect gloss levels and how these interactions
influence aesthetic qualities. Experimental analysis was conducted using samples with varying gloss levels, colors,
textures and the results were evaluated through visual inspection and performance tests. The findings reveal that
texture depth significantly affects the gloss value and the perception of color changes with the varying gloss levels.
These results provide valuable insights for optimizing surface structure and design choices in automotive industry,
discussing new approaches to enhance both aesthetic and functional qualities of products.

Keywords: Gloss Level, Texture Depth, Color, Aesthetic Properties, Visual Evaluation

1. INTRODUCTION

Currently, customers place great importance on style and design choices in the automotive industry.
Visual design, color, texture, and gloss are fundamental elements that significantly influence how
customers perceive and interact with components inside an automobile. Each of these components plays
a crucial role in shaping the aesthetics and emotional impact of a design. Color, with its vast spectrum,
can evoke specific reactions, while texture type provides structure and rhythm, guiding the eye and
creating a sense of harmony. Gloss means the level of shine on a surface and enhances the perception
of colors since the angle of light reflected changes depending on the surface structure. Surface structure
is a key element in this relationship, as the texture depth can increase or decrease the impact of color
and perceived gloss. The effect of the surface structures is further validated through images acquired
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using the optical 3D measurement device. The interaction between color, texture, and gloss is significant
and essential in creating visually engaging designs. Moreover, the paper investigates the variation in
gloss characteristics concerning different material types. This paper explores the fundamental
interaction of these three elements to create an impressive visual experience and examines their
individual properties as well as their combined influence in various style contexts.

2. MATERIAL AND METHOD
2.1. Definitions of Color, Gloss and Texture Depth
2.1.1. Definition of Color and Measurement Devices

Color refers the visual perception based on the electromagnetic spectrum. Color perception is related to
an object's light absorption, reflection, and emission spectra [The University of Waikato, 2012]. Color
deviations are evaluated according to the CIE (International Commission on Illumination) color system
shown in Figure 1.

e Brightness (L) ranges from 0 to 100, with O representing black and 100 representing white.

e Red (a) and green (-a) values range from -90 to +90, with -90 indicating green and +90
indicating red.

e Yellow (b) and blue (-b) values range from -90 to +90, where -90 represents blue and +90
represents yellow [Kulcu R, 2018:246].

Figure 1. CIE Lab L*, a*, b* Color Space [Kulcu R, 2018:246]
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The total color deviation calculation is performed to determine the color differences of two components.

e Positive AL means the color shine of the part is higher than the second plate. If the value is
negative, it indicates that the color brightness of the product is decreased.

e Positive Aa shows the green color of the component is lower than the second one. If the value
is negative, the product shows an increase in green color.

e Positive Ab means the yellow color of the part is lower than the second component. If the value
is negative, the product shows a decrease in yellow color [Kulcu R, 2018:247].

Total color deviation is calculated by the following equation [Kulcu R, 2018:247];

AE=/(AL)? + (Aa)? + (Ab)2
Aa: Red color deviation

Ab: Yellow color deviation
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AL: Color brightness deviation
AE: Total color deviation

The most commonly used method in color measurement is spectrophotometry. The Konica Minolta
device is widely used and numerically reveals the color difference between the two components.
Initially, the measurements of the target plate are taken, and then the color measurements of the sample
are taken on top of it. The difference between them appears as a delta in the system.

Figure 2. Konica Minolta Color Measurement Device [Konica Minolta, 2020]

2.1.2. Definition of Gloss and Measurement Devices

Gloss refers to the ability of light reflection from the surface. It indicates how shiny or matte a surface
is. A high gloss value means that the surface is more shiny, while a low gloss value indicates the surface
is more matte. Texture depth and surface structure significantly affect the gloss results. This property is
commonly used in color measurements, paint applications, and material surface analysis.

The key factor is a flat surface for accurate gloss measurement. The flat and smooth surface results in a
higher gloss due to direct and increased light refraction. A rougher surface reduces light refraction and
makes it more irregular and diffusing, negatively affecting the gloss variation. If the angles of the
incoming rays are equal to their angles of reflection, rays that are parallel to each other when they hit
the surface will also reflect parallel [Kaynak ve Bocaoglu, 2025].

Figure 3. The Regular and Diffuse Reflection of Light [Kaynak ve Bocaoglu, 2025]
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The most commonly used device is the Erichsen Picogloss 560 MC, and measurements can be taken at
either 20, 60, or 85 degrees. High gloss measurements are taken at 20 degrees, medium gloss at 60
degrees, and low gloss at 85 degrees as well. 60 degrees is typically used for grained plastic components.

Figure 4. Erichsen Picogloss 560 MC Gloss Measurement Device [Erichsen, 2025]
| 203

2.1.3. Definition of Texture Depth and Measurement Devices

Texture depth means the extent of how deep the pores, indentations, or protrusions on the surface are.
The Optical 3D measuring device signifies the value of texture depth in microns like the Alicona device.
Alicona is an effective optical 3D measuring device for simple, fast, and traceable measurement of shape
and surface finish on micro-structured surfaces. Both the shape and finish of components are measured
and explored with only one system. Users achieve color images with high contrast and depth of focus
by measuring the dimension, shape and roughness of complex components of various materials. Alicona
provides a long working distance of up to 34 mm in combination with its measurement field of 50 mm
x 50 mm allowing a wide range of applications. Measurements yielding results in seconds increase
usability even further [Bruker Alicona, 2025].

Figure 5. Alicona Optical 3D Measurement Device [Bruker Alicona, 2025]
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2.2.The Properties of the Test Components
2.2.1. The Relationship Between Texture Structure and Gloss

Firstly, a plastic plate with constant texture depth, color, and material was selected and the effect of the
surface structure on gloss was investigated. Two mold-in color black plates made of polypropylene
material have been selected and the texture depth of these plates ranges between 73-76 microns.

Compared to example A, which has an irregular and dotted structure, example B with regular and |204

geometric grain has a higher gloss value.

Table 1. Surface Structure and Images of Sample A and B

Sample Surface Structure Sample Images

Table 2. Material Type and Measurements of Texture Depth, Color and Gloss Values

Texture

1 * * *
Sample Material Type Depth L a b Gloss
A PP 48.450 AFU 73 um 25,13 -0,03 -0,62 2,5
B PP 48.450 AFU 76 um 25,06 0,01 -0,41 4

2.2.2. The Relationship Between Texture Depth and Gloss

The second study, the gloss measurement performance of components with the similar color and
different texture depths is examined and PC+ABS is chosen as the material type. The surface structure
of both plates exhibits an irregular grain. This study evaluates the effect of different texture depths on
the gloss value. The gloss level is related to the refraction of light on the surface. The experimental study
revealed that an increase in texture depth leads to a higher degree of light refraction on the surface,
which consequently results in a reduction of the gloss value.
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Table 3. Surface Structure and Images of Sample C and D

Sample Surface Structure Sample Images
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Table 4. Material Type and Measurements of Texture Depth, Color and Gloss Values

: Texture - - -
Sample Material Type Depth L a b Gloss
C PC+ABS 39 um 27,90 -0,06 -0,92 3,5
D PC+ABS 129 pm 26,84 -0,09 -1,01 2,0

2.2.3. The Relationship Between Material Type and Gloss

In the last study, plates with the same grain depth are chosen from various materials to investigate the
impact of material type on gloss. Four different materials, each exhibiting the same texture depth, are
utilized in the study.

Table 5. Material Type and Measurements of Texture Depth, Color and Gloss Values

. Texture - * *
Sample Material Type Depth L a b Gloss
E PP 48.450 AFU 39um 2539  -0,05 -0,29 2,5
F ASA 100.300 39um 2731  -0,16 -0,56 31
G PC+ASA 100.400 39pum 28,93  -0,06 -0,74 3,2

H ABS 90.170 LOG ~ 39 um 27,42 -0,11 -0,59 3,5
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3. CONCLUSION

As a result of the first experimental work, the component with identical texture depth, material, a

uniform and geometric surface structure demonstrate a higher gloss value compared to the part with an

irregular surface. It has been observed that parts with a regular surface geometry and structure reflect

light more uniformly and parallel which results in a higher gloss level. A dotted and irregular grain type

results in a lower gloss value due to the light reflected at various angles on the surface. Refraction of

) X . i | 206
light from different angles causes diffuse reflection.

The second experiment was conducted to examine the effect of different texture depths on the gloss unit.
If the grain depth of the components decreases, the angles of incoming and reflection of the light on the
surface are equal. The parallel reflection of the rays causes an increase in gloss level. Surfaces with a
deeper grain lead to incoming rays striking at varying depths and resulting in a more irregular and diffuse
reflection, which consequently results in a lower gloss measurement.

Parts that have ABS and ASA materials yield higher gloss values compared to polypropylene. ABS and
ASA have a more soft and uniform surface structure and this feature enables more effective light
reflection, which leads to a higher level of brightness. Polypropylene has a rougher surface than the
others and therefore reflects less light. This explains why the gloss level of polypropylene is lower
compared to ABS and ASA. Materials made from these two raw materials are typically used in painted
plates due to their higher gloss value.
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Ozet: Giimiis kaplama yiiksek iletkenlik saglamak i¢in yaygin olarak kullamlir ve elektrik sinyallerinin minimum
direngle dogru dl¢iimiinii ve iletimini saglar. Atmosferik ortamlarda iyi korozyon direncine ragmen giimiis, silfiir
bilesikleri, nem ve oksijenle reaksiyona girerek kararabilir ve beyazdan mavimsi kahverengiye kadar renk
degisimine yol agabilir. Bu ¢alismada, giimiis kapli CuZn39 bakir cubuklar optik mikroskop ve kimyasal analiz
kullanilarak, kararmis ¢ubuklarla karsilagtirilmistir. Kararmis ¢ubuklarin yiizeyinde baglantiyi etkileyen pasif bir
tabaka oldugu tespit edilmistir. SEM-EDX ile analiz edilen korozyon iiriinleri, yiiksek siilfiir ve oksijen bilesikleri
olarak ortaya ¢ikmustir. Siilfiir dioksit (SO:) gibi endiistriyel kirleticiler, kararmanin potansiyel nedenleri olarak
tammlanmustir. Literatiirde giimiisti oksitlemek ve kararmasini saglamak icin 4 farkli yontem bulunmaktadur.
Bunlar kiikiirt karacigeri (potasyum stilfiir, potasyum polisiilfit, potasyum tiyosiilfat ve potasyum bisiilfit karisimi),
parlaklik jeli (cila), dogal yontemler (yiiksek siilfatlt ortama maruz birakmak) ve haslanmis yumurtadr. Daha
fazla arastirma yapmak i¢in giimiis kapl parcalar, yumurtamn yiiksek siilfiir iceriginden (yumurta beyazinda
0,195 mg/yumurta ve sarisinda 0,016 mg/yumurta) yararlanilarak, yaliuml seffaf bir kutuda 7-8 saat boyunca
haslanmis yumurtaya maruz birakilmistir. Sonugta ortaya ¢ikan renk degisimi ve SEM-EDX analizi, orijinal ve
kararmus iiriinlerin neredeyse ayni oldugunu gostermistiv. Bu ¢alisma, giimiis kaplamalr bakir sensorlerdeki renk
degisimi ve direng kaybimin temel nedeninin bakir yiizeyindeki giimiis kararmasi oldugunu gostermigtir.

Anahtar Kelimeler: Giimiis Kaplama, Bakir Korozyonu, Kararma, Haslanmws Yumurta, Sem-Edx
Tarnishing Reappear of Silver Coated CuzZn39 Copper Bars With the Boiled Egg Method

Abstract: Silver coating is commonly used to provide high conductivity, ensuring accurate measurement and
transmission of electrical signals with minimal resistance. Despite its good corrosion resistance in atmospheric
environments, silver can tarnish due to reactions with sulfur compounds, moisture, and oxygen, leading to
discoloration from white to bluish brown. In this study, silver-coated CuzZn39 copper bars were compared with
tarnished bars using microscopy and chemical analysis. It was found that tarnished bars had a passive layer on
the surface, affecting connectivity. Corrosion products analyzed with SEM-EDX revealed high sulfur and oxygen
compounds. Industrial pollutants, such as sulfur dioxide (SO:), were identified as potential causes of tarnishing.
In the literature there are 4 different methods to oxidize silver and provide tarnishing. These are Sulphur liver (a
mixture of potassium sulfide, potassium polysulfide, potassium thiosulphate and potassium bisulfide), shine gel
(polish), natural methods (exposure to a high sulphate environment) and boiled eggs. To investigate further, silver-
coated parts were exposed to boiled eggs in an insulated transparent box for 7-8 hours, leveraging the high sulfur
content of eggs (0.195 mg/egg in egg white and 0.016 mg/egg in yolk). The resulting color change and SEM-EDX
analysis were like the original tarnished products. This study demonstrates that silver tarnishing on the copper
surface is the root cause of color change and resistivity loss on sensors.

Keywords: Silver Coating, Tarnishing, Boiled Egg, Sem-Edx
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1. INTRODUCTION

Sensors are mechatronic devices installed directly on the battery to monitor and measure key parameters
such as current, voltage, and temperature. These sensors help assess battery health, prevent breakdowns,
optimize fuel efficiency, and enhance vehicle performance. They are vital for the efficiency, reliability,
and overall performance of a car [1].

A silver coating is commonly used for such products to provide high conductivity and ensure that the
sensors accurately measure and transmit electrical signals with minimal resistance [2]. Although silver
exhibits good corrosion resistance in atmospheric environments, including exposure to water,
temperature variations, and oxygen, it can still be affected by oxygen, sulfur, or moisture. This exposure
leads to chemical reactions that cause discoloration, turning silver from white to bluish brown. This
phenomenon is known as tarnishing in the literature [3].

Hydrogen sulfide (H=S) present in the air—particularly in polluted areas (e.g., industrial regions) or near
volcanic activity—as well as sulfur-containing sources such as rubber bands and wool, can react with
silver, forming silver sulfide on silver-coated parts. The reaction between silver and hydrogen sulfide is
shown below. Silver sulfide (Ag.S) is a yellow-brown compound, which leads to color change and
tarnishing.

2Ag+H>» AQ.S+H:

Humidity and the concentration of sulfide ions play a crucial role in the tarnishing process. An increase
in moisture levels and H2S concentration in the air accelerates the reaction, leading to a color change
from yellow to black. Although H- is a reaction byproduct upon contact, tarnishing is not classified as
corrosion. Corrosion involves more complex reactions and typically results in material degradation
through thickness reduction, whereas tarnishing is merely a surface discoloration phenomenon [4]. In
the literature, four intentional oxidation techniques are commonly used to induce silver tarnishing
through exposure to H>S. The most widely employed method is liver of sulfur, a mixture containing
potassium sulfide, potassium polysulfide, potassium thiosulfate, and potassium bisulfide. In this process,
silver parts are typically immersed in the solution and left until the desired color change is achieved.
The second most common and convenient method involves the use of luster gel, which is applied to the
surface similarly to a polishing gel, ensuring a uniform color change. Another approach is direct
exposure to high-sulfur environments or sulfur-containing products. Examples of such environments
include hot springs, volcanic regions, and landfill sites. Additionally, solutions containing vinegar and
salt have high sulfide concentrations and can induce tarnishing on silver surfaces [5,6]. A final,
unconventional method, known as the boiled egg technique, utilizes boiled eggs as a source of H2S. This
method is effective because egg whites contain approximately 0.195 mg of sulfur per egg, while egg
yolks contain around 0.016 mg per egg [7].

In this study, silver-coated CuzZn39 copper bars were compared with tarnished bars using optical
microscopy. It was observed that the tarnished bars had a passive layer on the surface, which affected
electrical connectivity. Corrosion products analyzed through SEM-EDX revealed the presence of sulfur-
and oxygen-rich compounds. Industrial pollutants, such as sulfur dioxide (SO.), were identified as
potential contributors to the tarnishing process. The boiled egg method was chosen to reproduce
tarnishing, and the samples were exposed to this method for 7-8 hours in an insulated transparent box.
The results were compared both microscopically and visually with the pre-existing tarnished samples,
confirming the presence of the same passive layer and sulfide compounds.

2. EXPERIMENTAL PROCEDURE
2.1 Material

The material used in this study was a copper alloy with 57-59% purity, commonly referred to as CuZn39
in the industry. CuzZn39 bars were coated with silver to ensure electrical connectivity for sensors, while
nickel was used as an intermediate layer to enhance bonding between copper and silver. The coating
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layers and their corresponding thickness are presented in Figure 1. The passive layer formation because
of tarnishing is also given in Figure 2 and indicated with arrows on the optical microscopy image.

For the tarnishing reproduction experiments, the materials used included freshly hard-boiled eggs, a
hotplate for heating, a knife for cutting the eggs, calcium carbonate, a transparent container, and tape
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Figure 1: The Thickness Result of Silver Coated CuZn39
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for ensuring proper isolation.

Figure 2: The Passive Layer on the Surface of Silver Coated CuzZn39

2.2 Method

The boiled egg method was implemented, following all the steps outlined in Figure 3, to achieve the

same color change as the previously tarnished sample.

Figure 3: Flow of Boiling Egg Methods for Silver Tarnishing Reappear
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3. RESULTS & DISCUSSION

The observed tarnishing mechanism can be attributed to the reaction between silver and sulfur-

containing compounds, primarily hydrogen sulfide (H=S), which is released after the boiling of eggs.

The sulfur present in the egg whites and yolks interact with silver, leading to the formation of silver

sulfide (Ag:S), which causes the characteristic color change observed in the tarnished bars. The results

presented in Figure 4 confirm that the boiled egg method effectively replicates the tarnishing process 1210
observed in both natural and industrial environments. After 7-8 hours, the surface appeared nearly brown

as shown in Figure 5, visually resembling the previously tarnished parts.

Figure 4: Color Change level after 7-8 hours boiled egg method

Furthermore, the comparative analysis using SEM-EDX given in Figure 6 and Figure 7 shows that the
tarnished silver bars which is named ‘Sample a)’ exhibited similar composition with Sample b). The
Sulfur amount was found 1.39 for Sample a) and 1,14 for Sample b. The analysis confirms the presence
of sulfur and oxygen compounds, indicating the formation of silver sulfide (Ag:S).

Figure 5: Comparison of Silver Coated Parts after Test a) Tarnished with Boiled Egg b)
Previously Tarnished Parts
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In academic studies, silver tarnishing is typically examined in the context of atmospheric conditions,
industrial pollutants, and chemical interactions. Several studies have investigated the effects of
pollutants, such as sulfur dioxide (SO2), on silver tarnishing. However, specific academic research on
the use of boiled eggs as a tarnishing method remains limited. Although one study refers to this approach
as a "game-changer" in an unconventional way to test silver-coated parts for tarnishing, the authors did
not employ this method in their research. Therefore, this study does not provide a direct basis for

comparison with other academic studies [7].

Figure 6: EDX spectrum of the previously tarnished silver-coated CuZn39 copper bar (Sample b)
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Figure 7: EDX spectrum of the tarnished part with boiled egg (Sample a)
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4. CONCLUSION

This study demonstrated that silver-coated CuZn39 copper bars tarnish due to their reaction with sulfur,
forming a passive layer on the surface. The boiled egg method successfully reproduced natural
tarnishing, confirming the formation of silver sulfide. SEM-EDX analysis showed that the original and
tarnished samples had similar compositions. This method provides an effective and non-toxic natural
approach to understanding the root causes of color change in silver-coated sensors. Future studies can
further explore different oxidation techniques and their long-term effects to expand knowledge in this

field.

|211



/ /

(7 22" UBAK, 08 - 09 March 2025, Ankara (<~
UBAK UBAK

5. REFERENCES

[1] Battery Tech Online. (2025). What is an intelligent battery sensor? Retrieved from
https://www.batterytechonline.com/materials/what-is-an-intelligent-battery-sensor-

[2] BB Plating. (2023). Silver plating copper for enhanced performance. Retrieved from
https://www.bbplating.com/metal-finishing-news-corner/silver-plating-copper-for-enhanced-
performance

[3] Wikipedia contributors. (18 November 2024). Tarnish. Wikipedia, The Free Encyclopedia.
Retrieved from https://en.wikipedia.org/wiki/Tarnish

[4] Lining Silver. (2025). Why does silver tarnish? Understanding causes and prevention tips.
Retrieved from https://liningsilver.com/how-to-oxidize-silver-simple-methods-for-a-perfect-
antique-finish/

[5] Something Borrowed PDX. (2025). How to tarnish silver? Retrieved from
https://somethingborrowedpdx.com/how-to-tarnish-silver/

[6] Canadian Conservation Institute. (2025). Understanding silver tarnish. Government of Canada.
Retrieved from https://www.canada.ca/en/conservation-institute/services/preventive-
conservation/guidelines-collections/metal-objects/understanding-silver-tarnish.html

[7] Lohwongwatana, B., Wirot, P., Yipyintum, C., Khamkongkaeo, A., Puncreobutr, C., Lothongkum,
G., ... & Vichaidith, T. E. (2015). Comparative Test for Identification of Silver Tarnishing. In
Proceeding of the Fifth Santa Fe Symposium on Jewelry Manufacturing Technology.

| 212



/ /

(22" UBAK, 08- 09 March 2025, Ankara (<~
UBAK UBAK

Makale id= 61
Sozlii Sunum
ORCID ID: 0009-0001-8188-0999
Ozellik Miihendisliginin Gériintii Simflandirmaya Etkisinin Incelenmesi

Researcher Hussein Hadi Abbas®, Assoc. Prof. Dr. Umit Haluk Atasever’
'Erciyes University

*Corresponding author: Hussein Hadi Abbas

Ozet: Bu c¢alisma, uzaktan algilama alaminda hiperspektral goriintii siiflandirmast iizerindeki ozellik
miihendisliginin etkisini incelemektedir. Veri setleri Salinas-A ve Indian Pines olup, her iki veri seti de yiiksek
spektral boyutluluga sahiptir. Bu ¢alisma, MATLAB'deki (gencfunctions) kiitiiphanesini kullanarak orijinal veri
setlerine 10, 50, 100 ve 200 adet ek dzellik tiretmektedir. Suflandirilmig ozellikler iizerindeki etkinliklerini
belirlemek amaciyla, ensemble yontemleri, destek vektor makineleri (SVM), sinir aglari ve digerlerini igeren bir
dizi simiflandirict degerlendirilmistir. Bulgular, ozellik miihendisliginin siniflandirma dogrulugunu artirmada
kritik bir rol oynadigimi gostermekte; ancak etkisinin veri setleri ve sumflandirict tiirleri arasinda farklilk
gosterdigini ortaya koymaktadir. Salinas-A veri setinde, tiretilen ek ézellikler ¢ogu siniflandiricimin performansini
artirmig ve sinir aglari ile SVM'ler, 100 veya daha fazla yeni ézellik eklendiginde %695'in iizerinde genel dogruluk
saglamistir. Indian Pines veri setinde ise, sadece birkag ek ozelligin eklenmesi baslangicta artan karmasiklik
nedeniyle siniflandirict performansin diisiirmiis; ancak daha fazla ozellik eklendiginde, sinir aglart ve ¢ekirdek
vontemleri gibi siniflandiricilar onemli ol¢iide iyilesme gostererek yaklasik %689 genel dogruluk elde etmistir. Bu
bulgular, ¢evresel izleme, tarimsal yonetim ve kaynak kesfi gibi uzaktan algilama uygulamalarinda smiflandirict
performansint  artirmak amacwla stratejik  ozellik  se¢imi  ve boyut indirgeme tekniklerinin - Gnemini
vurgulamaktadir.

Anahtar Kelimeler: Ozellik Miihendisligi, Hiperspektral Goriintii  Stmflandirmasi, Uzaktan ~Algilama,
Swiflandirma Dogrulugu

Investigating the Impact of Feature Engineering On Image Classification

Abstract: This study examines the impact of feature engineering on hyperspectral image classification in the
remote sensing field. The datasets are Salinas-A and Indian Pines, both datasets are characterized by high spectral
dimensionality. This study utilizes the (gencfunctions) library in MATLAB to generate additional features (10, 50,
100, and 200) to the original datasets. A collection of classifiers, including ensemble methods, support vector
machines (SVM), neural networks, and others, is evaluated to determine their efficacy on classified features. The
findings indicate that feature engineering plays a crucial role in enhancing classification accuracy, while its
impact differs between datasets and classifier types. For the Salinas-A dataset, the engineered features improved
performance across most classifiers, with neural networks and SVMs achieving overall accuracy (OA) values
exceeding 95% when 100 or more new features were added. For the Indian Pines dataset, adding just a few extra
features initially lowered classifier performance because of increased complexity. However, when more features
were added, classifiers like neural networks and kernel methods improved significantly, reaching around 89%
overall accuracy. These findings highlight the importance of strategic feature selection and dimensionality
reduction to enhance classifier performance in remote sensing applications, including environmental monitoring,
agricultural management, and resource exploration.
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1. Introduction

The advent of hyperspectral imaging has transformed remote sensing by acquiring data across multiple
narrow spectral bands. This method offers comprehensive data for terrestrial observation and ecological
surveillance. The elevated dimensionality of hyperspectral data presents challenges, including the curse
of dimensionality (Pal & Foody, 2010), which complicates image classification tasks. To tackle these
challenges, researchers have increasingly utilized sophisticated machine learning methodologies,
emphasizing feature engineering and deep learning techniques. Recent studies (Zhao et al., 2021,
Ghamisi et al., 2017; Zhang et al., 2016) have shown that the integration of spectral and spatial
information through feature engineering can markedly improve classification efficacy. Nonetheless, a
disparity persists concerning the impact of diverse quantities of engineered features on various
classifiers. This study seeks to address the gap by examining the correlation between the quantity of
engineered features and classifier efficacy, identifying classifiers that can most effectively utilize feature
augmentation, and establishing an optimal feature set size for improved accuracy.

2. Methodology

Two benchmark hyperspectral datasets are employed: the SalinasA dataset obtained from a 224-band
AVIRIS sensor over Salinas Valley, California, consists of an 86x83-pixel subscene that spans
wavelengths from 0.4 to 2.5 um and includes six ground-truth classes (e.g., various lettuce stages and
broccoli), rendering it an exemplary testbed for feature engineering in hyperspectral image classification
due to its high spectral resolution and intrinsic class imbalance (Bazeley, 2023). The Indian Pines
dataset, gathered over a 145x145-pixel region in Northwestern Indiana using the same sensor, reduces
the original 224 spectral bands to 200 by eliminating bands influenced by water absorption, and
encompasses 16 classes—ranging from agricultural fields to forested and urban areas—posing
challenges such as mixed pixels and spectral similarity.

Theoretical Framework

Feature engineering transforms raw hyperspectral data into distinctive attributes that improve model
efficacy. In MATLAB, functions such as createFeatures and genrfeatures produce new features (e.g.,
polynomial combinations and statistical metrics) that capture critical spectral-spatial relationships. This
procedure is essential for tackling the high dimensionality and spectral similarity present in the datasets
(Guyon & De, 2003; Bazeley, 2023).

A range of classifiers is utilized to evaluate the influence of the engineered features, including Ensemble
Methods that enhance robustness through the amalgamation of multiple models (Dietterich, 2000),
Support Vector Machines (SVM) that maximize class separation by optimizing hyperplanes (Cortes et
al., 1995), and Neural Networks that acquire hierarchical feature representations (Lecun et al., 2015).
Additional models—including Naive Bayes, Decision Trees, K-Nearest Neighbors (KNN), and Linear
Models—tackle various dimensions of the data's complexity (Murphy, 2012; Quinlan, 1986; Cover &
Hart, 1952; Hastie et al., 2009).

Data preprocessing standardizes feature scales, handles missing values, and encodes categorical
variables (Han et al., 2000). This uniformity is crucial for ensuring consistent model training and robust
convergence.

Experimental Setup

Both datasets are stored in MATLAB (.mat) files containing:
¢ Image Data (img): A 3D cube [rows, columns, bands].
e Ground Truth (gt): Pixel-wise class labels.

The hyperspectral images are reshaped into 2D arrays (each row representing a pixel) and split into 70%
training and 30% testing subsets, forming the training (train_input, train_target) and testing (test_input,
test_target) matrices.

The feature engineering process encompasses table conversion (transforming raw spectral matrices into
tables with standardized variable names), feature expansion via the genrfeatures function to generate
polynomial features and interaction terms, and transformation consistency by constructing a
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transformation model (T) on the training data and applying it to both the test data and the complete
image, while maintaining spatial dimensions for visualization.

The classifyModels function utilizes MATLAB's fitcauto function, with a fixed seed (rng(200)) and 5-
fold cross-validation, to optimize model parameters (Dietterich, 2000). Each classifier is subsequently
trained on the engineered training set, and predictions are produced for both the test set and the entire
image (reformatted to its original spatial configuration for visualization).

The efficacy of each classifier is assessed utilizing four principal metrics: Overall Accuracy (OA) — the
proportion of accurately classified pixels to the total pixel count (Congalton, 1991); Balanced Accuracy
represents the mean recall across all classes (Brodersen et al., 2010); the Kappa Coefficient quantifies
the concordance between predicted and actual classifications, accounting for chance (Cohen et al.,
1960); and the Mean F1 Score is the average of the F1 scores for each class (Powers & Ailab, 2020).

All projections, trained models, optimization details, and evaluation metrics are contained within a
structured results variable. Classification maps utilize a jet colormap to illustrate the spatial distribution
of predicted classes, enabling comparative analysis among various classifiers.

3. Results and Discussion
3.1. Salinas-A Scene

Tables 1-5 encapsulate classifier performance on the Salinas-A dataset across diverse feature
engineering scenarios (0, 10, 50, 100, and 200 new features).

Table 1: Normal Classification (without Applying Feature engineering method) (Salinas-A)

Row Ensemble | Discriminant | Kernel | KNN Linear | Naive | SVM Decision | Neural
Bayes Tree Network

Overall 0.9542 0.7862 0.8993 | 0.9480 | 0.8756 | 0.8053 | 0.9526 | 0.9287 0.9526
Accuracy

Balanced | 0.9592 0.8608 0.9204 | 0.9490 | 0.8951 | 0.8705 | 0.9582 | 0.9358 0.9576
Accuracy

Kappa 0.9445 0.7460 0.8785 | 0.9369 | 0.8495 | 0.7682 | 0.9426 | 0.9135 0.9426
F1 Score | 0.9574 0.7919 0.9036 | 0.9517 | 0.8877 | 0.8164 | 0.9576 | 0.9347 0.9570

Table 2: Feature Engineer Classification with 10 New Features (Salinas-A)

Row Ensemble | Discriminant | Kernel | KNN Linear | Naive | SVM Decision | Neural
Bayes Tree Network

Overall 0.9393 0.7457 0.8532 | 0.9421 | 0.8233 | 0.8301 | 0.8895 | 0.8470 0.9095
Accuracy

Balanced | 0.9480 0.8104 0.8758 | 0.9438 | 0.8527 | 0.8831 | 0.9062 | 0.8503 0.9188
Accuracy

Kappa 0.9265 0.6976 0.8227 | 0.9297 | 0.7870 | 0.7973 | 0.8664 | 0.8141 0.8904
F1 Score | 0.9453 0.7483 0.8604 | 0.9468 | 0.8345 | 0.8368 | 0.8957 | 0.8558 0.9144

Table 3: Feature Engineer Classification with 50 New Features (Salinas-A)

Row Ensemble | Discriminant | Kernel | KNN Linear | Naive | SVM Decision | Neural
Bayes Tree Network

Overall 0.9510 0.7918 0.9138 | 0.9480 | 0.8805 | 0.8228 | 0.9480 | 0.8909 0.9493
Accuracy

Balanced | 0.9560 0.8601 0.9209 | 0.9522 | 0.9008 | 0.8808 | 0.9517 | 0.9049 0.9540
Accuracy

Kappa 0.9405 0.7525 0.8955 | 0.9369 | 0.8556 | 0.7890 | 0.9369 | 0.8679 0.9385
F1 Score | 0.9551 0.7973 0.9201 | 0.9521 | 0.8896 | 0.8278 | 0.9518 | 0.8998 0.9537
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Table 4: Feature Engineer Classification with 100 New Features (Salinas-A)

/

Row Ensemble | Discriminant | Kernel KNN Linear Naive SVM Decision | Neural
Bayes Tree Network

Overall 0.93710 | 0.80233 0.91580 | 0.94774 | 0.94816 | 0.83903 | 0.91678 | 0.92393 | 0.95335

Accuracy

Balanced 0.94914 0.86112 0.93183 | 0.95134 | 0.95419 | 0.88707 | 0.93277 | 0.93129 0.95763

Accuracy

Kappa 0.92383 0.76433 0.89823 | 0.93657 | 0.93714 | 0.80741 | 0.89939 | 0.90770 0.94341

F1 Score 0.94448 0.80995 0.91971 | 0.95078 | 0.95261 | 0.84860 | 0.92213 | 0.93122 0.95705

Table 5: Feature Engineer Classification with 200 New Features (Salinas-A)
Row Ensemble | Discriminant | Kernel | KNN Linear | Naive | SVM Decision | Neural
Bayes Tree Network

Overall 0.9493 0.8393 0.9213 | 0.9482 | 0.9396 | 0.8140 | 0.9350 | 0.9028 0.9528

Accuracy

Balanced | 0.9567 0.8880 0.9374 | 0.9500 | 0.9484 | 0.8807 | 0.9463 | 0.9184 0.9592

Accuracy

Kappa 0.9385 0.8077 0.9048 | 0.9371 | 0.9268 | 0.7790 | 0.9213 | 0.8822 0.9428

F1 Score | 0.9539 0.8494 0.9278 | 0.9514 | 0.9454 | 0.8198 | 0.9405 | 0.9135 0.9564

Key observations include:

Baseline (0 Features): Classifiers including Neural Networks, Ensemble methods, and SVM attain
Overall Accuracies exceeding 95%, accompanied by elevated Balanced Accuracy, Kappa, and Mean F1
Score, whereas Discriminant Analysis and Naive Bayes exhibit comparatively inferior performance.
Introducing 10 new features results in a marginal performance decline for certain classifiers, particularly
Naive Bayes and Discriminant Analysis, likely attributable to their sensitivity to dimensionality. An
increase to 50 features typically enhances performance across the majority of classifiers. At 100 and 200
features, Ensemble methods, SVM, and Neural Networks either sustain or marginally enhance their

metrics, while improvements for other classifiers reach a plateau (Figure 1).

Overall Accuracy by Classifier and Feature Level
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Figure 1: Classifier Performance Comparison Across Overall Accuracy Metrics for Different
Features.
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3.2. Indian Pines Dataset

Tables 6-10 present findings for the Indian Pines dataset:
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Table 6: Normal Classification (without Applying Feature engineering method) (Indian Pines)

Row Ensemble | Discriminant | Kernel | KNN Linear | Naive | SVM Decision | Neural
Bayes Tree Network
Overall 0.8743 0.7365 0.9136 | 0.8814 | 0.8406 | 0.6072 | 0.8849 | 0.7602 0.9165
Accuracy
Balanced | 0.8122 0.7508 0.9157 | 0.8541 | 0.8230 | 0.5902 | 0.8764 | 0.7067 0.9065
Accuracy
Kappa 0.8561 0.6972 0.9014 | 0.8645 | 0.8176 | 0.5517 | 0.8687 | 0.7267 0.9048
F1 Score | 0.8451 0.7513 0.9166 | 0.8697 | 0.8274 | 0.6253 | 0.8803 | 0.7101 0.9106
Table 7: Feature Engineer Classification with 10 New Features (Indian Pines)
Row Ensemble | Discriminant | Kernel | KNN Linear | Naive | SVM Decision | Neural
Bayes Tree Network
Overall 0.7175 0.5595 0.6745 | 0.7346 | 0.6254 | 0.5689 | 0.6693 | 0.6049 0.6573
Accuracy
Balanced | 0.5899 0.5222 0.6113 | 0.6540 | 0.5557 | 0.5022 | 0.5744 | 0.4710 0.5283
Accuracy
Kappa 0.6740 0.4931 0.6231 | 0.6939 | 0.5627 | 0.5075 | 0.6174 | 0.5442 0.6048
F1 Score | 0.6164 0.5124 0.6418 | 0.6962 | 0.5818 | 0.4999 | 0.6049 | 0.4837 0.5355
Table 8: Feature Engineer Classification with 50 New Features (Indian Pines)
Row Ensemble | Discriminant | Kernel | KNN Linear | Naive | SVM Decision | Neural
Bayes Tree Network
Overall 0.8638 0.6514 0.8800 | 0.8530 | 0.8060 | 0.6266 | 0.8686 | 0.7216 0.8780
Accuracy
Balanced | 0.8166 0.6432 0.8582 | 0.8184 | 0.7802 | 0.5935 | 0.8083 | 0.6690 0.8492
Accuracy
Kappa 0.8439 0.6017 0.8630 | 0.8319 | 0.7774 | 0.5738 | 0.8496 | 0.6824 0.8609
F1 Score | 0.8457 0.6129 0.8704 | 0.8347 | 0.8091 | 0.6184 | 0.8423 | 0.6441 0.8624
Table 9: Feature Engineer Classification with 100 New Features (Indian Pines)
Row Ensemble | Discriminant | Kernel | KNN Linear | Naive | SVM Decision | Neural
Bayes Tree Network
Overall 0.8553 0.7308 0.8970 | 0.8702 | 0.8647 | 0.6285 | 0.8848 | 0.7691 0.8903
Accuracy
Balanced | 0.7862 0.7436 0.8694 | 0.8568 | 0.8423 | 0.6596 | 0.8327 | 0.7399 0.8771
Accuracy
Kappa 0.8340 0.6933 0.8824 | 0.8519 | 0.8456 | 0.5782 | 0.8683 | 0.7356 0.8749
F1 Score | 0.8223 0.7103 0.8822 | 0.8672 | 0.8583 | 0.6439 | 0.8611 | 0.7482 0.8842
Table 10: Feature Engineer Classification with 200 New Features (Indian Pines)
Row Ensemble | Discriminant | Kernel | KNN Linear | Naive | SVM Decision | Neural
Bayes Tree Network
Overall 0.8623 0.7767 0.8914 | 0.8641 | 0.8545 | 0.6839 | 0.8914 | 0.7741 0.8925
Accuracy
Balanced | 0.7907 0.7821 0.8563 | 0.8182 | 0.8184 | 0.6289 | 0.8364 | 0.7030 0.8791
Accuracy
Kappa 0.8422 0.7453 0.8761 | 0.8448 | 0.8336 | 0.6372 | 0.8758 | 0.7418 0.8773
F1 Score | 0.8287 0.7676 0.8724 | 0.8351 | 0.8412 | 0.6716 | 0.8666 | 0.7111 0.8911
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Baseline (0 Features): Neural Networks and Kernel-based classifiers reach Overall Accuracies
exceeding 91%, whereas Naive Bayes underperforms. The reduction to 10 features in Feature
Engineering results in a significant decline in performance for most classifiers; however, with 50, 100,
and 200 features, performance rebounds and typically enhances, with Neural Networks and SVM
reaching or surpassing baseline levels in Overall and Balanced Accuracy, Kappa, and Mean F1 Score
(Figure 2).

Overall Accuracy by Classifier and Feature Level
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Figure 2: Classifier Performance Comparison Across Overall Accuracy Metrics for Different
Features.

3.3. Comparative Analysis

Based on the bar chart, an analysis of both datasets (Figures 3 and 4) shows that feature engineering
does improve classification performance in all cases, but the benefits depend on the datasets. Salinas-A
benefits from its better spatial resolution and enhanced class separability, leading to consistent
performance enhancements with the addition of features. Due to its varied spectral range and mixed
pixels, Indian Pines is more sensitive to low-dimensional feature sets. However, using enough
engineered features (50-200) can fix these problems and make the system much more effective. These
results show how important it is to tailor feature engineering to fit the attributes of the dataset and the
responsiveness of the classifier. They also stress how important it is to have the best set of features for
improving classification accuracy. (Hughes, 1968; Nargesian et al., 2017; Dalla Mura et al., 2011; Pal
& Foody, 2010; Tasci & Tasci, 2022; Zhao et al., 2021).
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Figure 3: Comparison of classification performance across various classifiers with increasing
numbers of selected features for hyperspectral image data (Salinas-A).
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4. Conclusion

This research provides a comprehensive analysis of the impact of feature engineering on hyperspectral
image classification employing the Salinas-A and Indian Pines datasets. it is introducing varying
numbers of engineered features (0, 10, 50, 100, and 200 new features) to assess the performance of
multiple classifiers. The results show that the effectiveness of feature engineering greatly depends on
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dataset characteristics and classifier types.for the Salinas-A dataset, noted for its higher spatial resolution
and distinct class separability, the integration of engineered features consistently led to improved
classifier performance. Neural Networks and SVMs demonstrated substantial gains, achieving Overall
Accuracy (OA) values exceeding 95% with the addition of 100 and 200 new features. This aligns with
previous studies that highlighting the benefits of combining spectral and spatial features to enhance
classification accuracy (Dalla Mura et al., 2011); (Nargesian et al., 2017). The findings confirm that
classifiers capable of modeling complex nonlinear relationships can effectively leverage the enriched
feature space provided by feature engineering.The Indian Pines dataset, known for its high spectral
variability and presence of mixed pixels, presented more challenges. An initial decline in performance
was observed when a small number of engineered features were added, presumably due to the
introduction of irrelevant or redundant information exacerbating the "curse of dimensionality” (Hughes,
1968). Nonetheless, as the number of engineered features increased, classifiers such as Neural Networks,
Kernel methods, and SVMs exhibited significant recovery and improvement in performance. The Neural
Network classifier achieved an OA of approximately 89% with 200 engineered features, demonstrating
its robustness and adaptability in handling complex, high-dimensional data (Tasci & Tasci, 2022); (Zhao
et al., 2021). These results support the critical role of feature engineering and selection in hyperspectral
image classification. They align with the findings of (Pal & Foody, 2010), who demonstrated that
feature selection is essential for enhancing SVM performance in hyperspectral data. Additionally, the
improvement observed in Neural Network performance with increased features reflects the effectiveness
of deep learning models in extracting and utilizing complex feature representations, especially when
dealing with complex datasets like Indian Pines.
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Arc Fiizyon Reaktoriinde Kati Trityum Uretici Malzemelerinin Performansinin
Degerlendirilmesi
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'Gazi Universitesi

Ozet: Trityum iiretimi, siirdiiriilebilir ve verimli fiizyon reaktor tasarimi icin temel bilesenlerden biridir. Sivi
trityum tireticileri ARC'de yaygin olarak kullamlsa da, bu ¢calisma kati iireticilerin trityum iiretim orammni (TBR)
artirma potansiyelini degerlendirmektedir. Bu ¢alisma, ARC fiizyon reaktériinde trityum tiretimi icin kullanilan
kati trityum iiretici malzemelerin performansini arastirmaktadir. Calismada Li4SiO4 (Lityum Silikat), Li2TiO3
(Lityum Titanat), Li8PbO6 (Lityum-Pb Oksit), Li8ZrO6 (Lityum-Zirkonyum Oksit) dahil olmak iizere ¢esitli kati
malzemeler incelenmis, her bir malzemenin trityum tiretim orani (TBR) ve nétron akist degerlendirilmistir.
Sonuglar, kati trityum iiretici malzemelerin ARC reaktoriinde TBR iiretimini artirmak igin énemli bir potansiyele
sahip oldugunu ve sivi malzemelerle entegrasyonunun yiiksek verimli trityum tiretimine ulagmak icin yenilik¢i bir
vaklasim sundugunu gostermektedir. Ayrica, ¢alisma kati malzemeler kullanilarak ARC reaktor tasarimlarinin
optimize edilmesine 6n a¢acak ve trityum iiretiminde stirdiiriilebilirlige onemli katkilar sunacaktir.

Anahtar Kelimeler: Arc Fiizyon Reaktérii, Trityum Uretimi, Kati Trityum Uretici
Evaluation of Solid Tritium Breeder Materials Performance in the Arc Reactor

Abstract: Tritium breeding is one of the key components for sustainable and efficient fusion reactor design. While
liquid tritium breeders are commonly used in ARC, this work evaluates the potential of solid breeders to enhance
the tritium breeding ratio (TBR). This study investigates the performance of solid tritium breeder materials used
for tritium production in the ARC fusion reactor. The study examined several solid materials, including Li4SiO4
(Lithium Silicate), Li2TiO3 (Lithium Titanate), Li8PbO6 (Lithium-Pb Oxide), Li8ZrO6 (Lithium-Zirconium
Oxide), assessed each material's tritium breeding ratio (TBR) and neutron flux. The results implied that solid
tritium breeder materials have significant potential to enhance TBR production in the ARC reactor, and their
integration with liquid materials offers an innovative approach to achieving high-efficiency tritium production. In
addition, the study will pave the way for optimizing ARC reactor designs using solid materials and offer substantial
contributions toward sustainability in tritium production.

Keywords: Arc Fusion Reactor, Tritium Breeding, Solid Tritium Breeder

1. Introduction

Fusion energy holds great potential for clean and sustainable energy production. However, tritium
breeding is critical for fusion reactors to operate efficiently. Tritium, a primary fuel that sustains fusion
reactions, is typically produced using tritium breeder materials in the reactor's blanket. These materials
interact with high neutron fluxes to increase the tritium breeding ratio. In compact reactor designs like
the ARC (Affordable, Robust, Compact) fusion reactor, while liquid tritium breeders are commonly
preferred, the potential of solid materials offers significant opportunities for enhancing tritium breeding
ratios (TBR). Efficient tritium breeding in fusion reactors is vital for ensuring the sustainability of fusion
reactions. The development of both solid and liquid breeder materials plays a critical role in enabling
the self-sustaining tritium cycle.
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In recent years, research on fusion blankets, particularly for the Affordable Robust Compact (ARC)
reactor, has focused on different material configurations and neutron performance. The innovative
design of the ARC reactor, which features high-temperature superconducting magnets in a compact
tokamak, requires careful selection of tritium breeder materials and neutron shielding. In early studies
on fusion reactor materials, solid lithium components such as LisSiO4 (Lithium Silicate) and Li>TiOs
(Lithium Titanate) were identified as promising tritium breeders (Hernandez and Pereslavtsev,
2018:137; Segantin et al., 2020:160). However, neutron absorption and material degradation challenges
have led to the investigation of alternative materials. The development of liquid breeders, particularly
lithium-based molten salts like FLiBe (2LiF-BeF>), has emerged as a viable solution for tritium breeding
and effective neutron moderation (Sorbom et al., 2015:100; Segantin et al., 2022:185). In reactors
similar to ARC, the compact design and high magnetic fields necessitate carefully selecting blanket
materials capable of fulfilling tritium breeding, neutron shielding, and heat transport functions
(Meschini et al., 2021:167). Studies have shown that FLiBe is one of the most promising molten salts
for this purpose and provides an optimal balance between tritium breeding ratio (TBR), compactness,
and material activation (Segantin et al., 2020:160; Bocci et al., 2020:154). Additionally, research on
advanced neutron shielding materials such as tungsten-based ceramics highlights their potential to
protect sensitive reactor components, like superconducting magnets, from excessive radiation damage
(Segantin et al., 2022:185). Furthermore, optimizing tritium breeding in ARC reactors has focused on
material enrichment and blanket design modifications to increase the tritium breeding ratio (TBR).
Recent analyses have explored the effects of lithium-6 enrichment and the integration of new materials,
such as vanadium alloys, to reduce activation levels and enhance reactor sustainability (Segantin et al.,
2020:154; Segantin et al., 2020:159).

This study investigates the performance of solid tritium breeder materials used for tritium breeding in
the ARC fusion reactor. Analyses of materials such as LisSiO4 (Lithium Silicate), Li,TiO3 (Lithium
Titanate), LisPbOs (Lithium-Pb Oxide), and LisZrOs (Lithium-Zirconium Oxide) evaluate the impact of
each material on tritium breeding ratio and neutron flux. The results demonstrate that solid materials
hold significant potential for high-efficiency tritium breeding in the ARC reactor, and their integration
with liquid materials offers an innovative approach to achieving this goal. Additionally, this study
provides valuable insights that contribute to optimizing ARC reactor designs and increasing
sustainability in tritium breeding.

2. Materials and Methods

This study evaluated the performance of solid tritium breeder materials to examine the tritium breeding
potential of the ARC (Affordable, Rugged, Compact) fusion reactor. The ARC is a compact tokamak
design with a major radius of 3.3 meters. It aims to produce 525 MW of continuous fusion power by
utilizing high magnetic fields through REBCO (Rare-Earth Barium Copper Oxide) superconducting
toroidal field coils. This design provides high energy density and compactness while requiring effective
management of the high-energy neutron fluxes generated by deuterium-tritium (D-T) fusion reactions.
The majority of neutrons are produced as high-energy neutrons interact with the plasma and surrounding
structures during fusion reactions. In this context, managing neutrons through neutron breeding layers
and protective shields is critical for the efficient and safe operation of the reactor. The core of the reactor
is the energy-producing region where deuterium-tritium fusion occurs, being compressed by magnetic
fields and heated to high temperatures. In the reactor model, the D-shape height is set at 100 cm, which
corresponds to about 1/20th of the major radius of the vacuum vessel. This height is associated with a
source density of 9.3E+18 n/s. Simulations with different D-shape heights (up to 200 cm) have yielded
consistent results with the 100 cm model; therefore, the 100 cm model was selected for parameter studies
as it is less time-consuming. Energy-dependent neutron cross-sections were taken from the ENDF/B-
VI library (Segantin et al., 2020:154; Conlin et al., 2018). Figure 1 shows the two-dimensional D-
shape used in the neutronic calculations.
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Fig.1. The 2D shape of the reactor

A portion of the fusion energy is absorbed by the first wall, protecting the structural components from
high heat flux, and this wall is made of tungsten material. Tungsten is resistant to high neutron damage
and is suitable for long-term use under fusion conditions. The first wall plays a critical role in both the
absorption of fusion energy and the protection of structural components, as it is the first component in
direct contact with the reactor's internal structure. The vacuum vessel, which surrounds the plasma and
provides the necessary vacuum conditions for fusion reactions, is a crucial component made from high-
temperature and neutron-damage-resistant materials such as Inconel-718. This vacuum vessel protects
structural components inside the reactor while minimizing neutron leakage. The cooling system is
crucial for the long-term efficient operation of the ARC reactor. By using coolant fluids such as FLiBe
(2LiF-BeF,), the system aims to maintain thermal balance and efficiently remove heat. FLiBe, as a
molten salt mixture, functions as one of the core cooling components of the ARC reactor, serving both
tritium breeding and cooling of reactor components. Neutron multiplier layers, typically made of
materials like beryllium or tungsten, increase tritium breeding ratio by interacting with neutrons and
support the sustainability of fusion reactions. In this study, beryllium is selected as the neutron
multiplier. Since the goal of this study is to examine the performance of solid tritium breeder materials
in the blanket region, materials like LisSiO4 (Lithium Silicate), Li,TiOs (Lithium Titanate), LisPbOs
(Lithium-Pb Oxide), and LisZrOg (Lithium-Zirconium Oxide) have been chosen. Detailed analyses of
these materials' tritium breeding ratios (TBR), neutron flux, and power deposition have been performed.
Specifically, the initial thickness of this region is 50 cm. The thickness of the tritium breeding region is
then increased in steps of 10 cm up to a thickness of 120 cm, and TBR values are examined. Neutron
flux and material interactions are modeled in this study using the OPENMC Monte Carlo neutron
transport code. OPENMC simulates neutron transport and material interactions, providing detailed
calculations of neutron flux, energy distribution, and reaction rates for each material (Romano et al.,
2015:82). This code has been an essential tool for analyses focused on neutron economy and tritium
breeding ratio (TBR). In addition to neutron flux, the effects of materials on temperature and energy
transfer are also considered, and the power deposition value of each material has been analyzed. The
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study aims to compare the performance of different solid tritium breeder materials in the ARC reactor,
identifying the materials that provide the highest tritium breeding ratio. This will explore the potential
use of solid tritium breeders in ARC reactor design.

3. Results and Discussions

Figure 2 shows the variation of neutron flux with energy in different regions of the Li>TiO3 (Lithium
Titanate) material. The coolant region exhibited a higher flux density for low-energy neutrons, which
decreases as the energy increases. This indicated that low-energy neutrons are more prevalent in this
region. The neutron multiplier region is an area where the material properties facilitate the effective
multiplication of neutrons, showing a higher neutron flux, especially at intermediate energy levels. The
flux density in this region is higher compared to the coolant region. The blanket region represents the
area where tritium breeding is most significant. Here, a lower neutron flux was observed. As shown in
Figure 3, a similar behavior was observed in neutron slowing down. LisSiOs, particularly in the blanket
region, has shown slightly better neutron slowing down, especially in the intermediate energy neutron
range, compared to Li;TiOs. Figure 4 showed that it provides a much better-moderated neutron flux,
especially in the region with low-energy neutrons, compared to Figures 2 and 3. Similarly, it showed a
good neutron flux in the intermediate and high-energy neutron regions. Figure 5 exhibited a neutron
flux behavior similar to that seen in Figure 4. In this material, neutrons were effectively slowed down,
leading to a positive change in neutron economy. The neutron multiplication tendency of Pb and Zr
could particularly explain these changes. Similarly, these elements interact with tritium, especially in
the intermediate and high-energy neutron regions. These elements work to both increase the neutron
population in the environment and effectively slow down the neutrons. In Figure 6, the variation of the
tritium breeding ratio (TBR) with blanket thickness is shown. As in the literature, the thickness is taken
as 50 cm. Later, the thickness is increased by 10 cm, and calculations are made until the TBR value
reaches a nearly constant value. In Figure 6, the TBR values of four different solid tritium breeder
materials (Li.TiOs, LisSiOa4, LisPbOg, LisZrOs) are compared for blanket lengths ranging from 50 cm to
120 cm. For each material, the TBR value increases steadily as the blanket thickness increases. Li>TiOs,
having the lowest TBR ratio, initially has a lower tritium breeding ratio, and the increase in TBR remains
limited as the blanket thickness increases.

Flux/lethargy for coolant, nmult and blanket regions of Li2TiO3
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Fig.2 The relationship between neutron energy (eV) and total flux (flux per unit latergy) for Li,TiOs
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Fig.3 The relationship between neutron energy (eV) and total flux (flux per unit latergy) for LisSiO4
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Fig.4 The relationship between neutron energy (eV) and total flux (flux per unit latergy) for LisPbOs
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Flux/lethargy for coolant, nmult and blanket regions of Li8ZrO6

—— Coolant Region
—— Neutron Mult. Region
1015 4+ —— Blanket Region

1

1013

1

1011

109 -

Flux per unit lethargy [n/cm2-s]

104 102 10° 102 104 106 108
Energy [eV]

Fig.5 The relationship between neutron energy (eV) and total flux (flux per unit latergy) for LisZrOs
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Fig.6 The change in the tritium breeding ratio with respect to length of the blanket

For the reactor to sustain the deuterium-tritium reaction, the TBR value must be greater than 1.
Therefore, Li,TiO3 could not meet this required value at any thickness increase. LisSiO4offered a higher
tritium breeding ratio compared to Li,TiOs, and the rise in TBR becomes more pronounced as the
blanket thickness increases. LisPbO6 shows a faster increase compared to the other materials, reaching
higher TBR values at intermediate blanket lengths. The material with the highest TBR value, LisZrOs,
provides the most effective efficiency across the entire length range, demonstrating the highest
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performance in terms of tritium breeding ratio. From this, it can be concluded that the optimum blanket
thickness for solid tritium breeders to achieve maximum TBR is 70 cm. Additionally, in Figure 7, the
TBR values for a blanket thickness of 70 cm are shown graphically.

In addition to tritium breeding, another critical aspect is the amount of heating due to the use of different
materials in the blanket region. Heating was observed in solid tritium breeders as a result of tritium
breeding. Figure 8 shows the heating value of the solid tritium breeders used in this study. LigPbOs,
having the highest TBR value, stands out with a heating value of approximately 1.1 W/cm. This is due
to LisPbOs's high tritium breeding ratio, as the amount of heat accumulating in the material increases
with the tritium breeding reactions. LisZrOs has a heating capacity similar to LisPbOs but showed
slightly lower performance in terms of tritium breeding. However, it still stood out with a heating value
of 1.05 W/cm3. LisSiOs, with a heating capacity of 1.0 W/ cm?®, offers a lower tritium breeding ratio
compared to LigsPbOs and LisZrOs. This material showed moderate performance in the tritium breeding
ratio while providing a lower TBR value in proportion to its heating value. Finally, Li>TiOs, with the
lowest heating value of 0.95 W/cm, demonstrated the lowest performance in the tritium breeding ratio.
This indicated that Li,TiOs's limited heating value is directly proportional to its limited tritium breeding
ratio.

Tritium Breeding Ratio of Different Blanket Materials at 70 cm Blanket Length
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Fig.7 The tritium breeding ratio of the candidate materials at 70 cm blanket length
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Heating Values for Different Blanket Materials
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Fig.8 The heating of the candidate materials

4. Conclusion

In this study, the efficiency of four different solid tritium breeder materials (LisPbOsg, LisZrOg, LisSiOs4,
Li,TiOs) has been compared in terms of neutron flux and tritium breeding ratio. LisPbOs was the most
efficient material with the highest tritium breeding ratio (TBR) and neutron flux while storing significant
heat. LisZrOg, exhibiting a performance close to that of LigsPbQs, offers slightly lower TBR and heating
values but remains an effective option. LisSiO4 and Li>TiOs; show lower efficiency in terms of neutron
flux and tritium breeding ratio; however, it has been observed that Li.SiO4 offers some beneficial
performance under specific conditions. Additionally, the optimum blanket thickness for using solid
tritium breeder materials is 70 cm. The use of Li;TiOs alone in the tritium breeding region has been
found unsuitable, as this material does not provide sufficient efficiency in tritium breeding. The results
indicated that LisPbOg is a solid breeder with good tritium breeding performance for the ARC fusion
reactor. In addition, it needs a detailed cooling system. These results emphasize the importance of
material selection and blanket thickness in reactor design and provide critical insights into optimizing
tritium breeding.
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Upgrading Urban Slums Through Sustainable Development and Community Engagement

Abstract: Slums are an informal type of housing settlement often seen in urban areas of developing
countries, substandard housing, and poor living conditions characterize these settlements, and they
usually lack access to the basic essential infrastructures. In the present time, slums have become an
unavoidable reality around the world, rapid urbanization coupled with other factors like inadequate basic
services and unequal social systems, have turned slums into a challenging obstacle preventing the
achievement of sustainable urban development. This research explores the potential of integrated urban
planning and active community engagement, as key factors for tackling these challenges and fostering
sustainable slum development. The research methodology is qualitative, drawing from a detailed
exploration of previous successful case studies across Asia, Africa, and South America. Analyzing the
cases provides valuable insight into developing strategies and approaches that can resolve the defined
issues in slums using sustainable development via community engagement. Furthermore, the study
emphasizes the importance of secure land tenure and legal rights in ensuring stability within slum
communities. The findings underline the role of collaboration between residents and official authorities
in achieving equitable, sustainable, and resilient urban development. This research concludes that
customized and/or inclusive approaches that promote community participation as a powerful human
capital and adapting sustainable practices across the three pillars (environment, economy, equity) of
sustainability can significantly improve the living conditions of the slum dwellers, transform urban
slums into resilient and livable spaces, aligned with the United Nations’ Sustainable Development
Goals.

Keywords: Sustainable Urban Development, Community Engagement, Slum Upgrading, Urban
Resilience.

1. INTRODUCTION

Urban slums represent one of the most difficult challenges cities face in modern day. As a result of rapid
urbanization, it is estimated that more than half of the world’s population lives in urban areas, and this
number might reach five billion by 2030 This could result in a detrimental effect socially,
environmentally, and economically. In addition to urbanization, some of the key contributors to the
formation of these slums are inadequate infrastructure, poor living conditions, poor sanitation, poor
drainage systems, and limited access to basic services.

! United Nations Population Fund. (2025). State of World Population 2007: Unleashing the Potential of Urban Growth
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As a result of this, it is evident that urban slums pose a significant challenge to the sustainable
development of cities. However, with these substandard living conditions, these slums are home to
millions if not billions of people who drastically contribute to the economic, social, and cultural fabric
of the cities. Therefore, addressing these challenges of urban slums is fundamental to achieving equitable
urban growth which aligns with the Sustainable Development Goals (SDGSs) set by the United Nations.

This research aims to question and explore sustainable urban development strategies through the
integration of urban planning practices and active community engagement. Through successful case
studies, the study highlights effective and successful methods that advocate for economic, social, and
environmental resilience, equity, and long-term urban sustainability.

In line with this aim, the research poses a research question, how urban planning and community
engagement can lead to sustainable and resilient urban slums?

2. LITERATURE REVIEW

The study of the development of urban slums has gained vast importance among academics and policy
discourse. There is an urgent need to review the social, economic, and environmental predicaments faced
by these marginalized communities in the slums.

This paper explores the role of both community engagement and urban planning in long-term sustainable
slum development. It reveals slums’ historical evolution from European cities to the rest of the continent
and the causes for these urban slum sprawl, such as rapid urbanization, inadequate governance, and
systemic inequalities among the genders. It comprehensively explains the challenges and opportunities
in questioning and addressing urban slums.

2.1. Definition and evolution of slums

Among academics and planners, the term “slum” was first coined by James Hardy Vaux in 1812 in his
“Vocabulary of the Flash Language”. At this time, the term was closely related and similarly used as the
words “criminal trade” or “racket”?. In more recent publications, the UN-Habitat defines slums as a
densely populated area that is characterized by substandard housing and poor living conditions that often
lack acces35 to essential infrastructure such as clean water, drainage systems, sanitation programs, and
electricity”.

Historically, the evolution of slums is closely tied to the massive industrial revolution, urban
globalization, and the prevailing socio-economic inequalities. Visually, slums were first observed in the
Eighteenth Century in European cities such as London, Paris, and Barcelona. This was caused and
accelerated by the vast numbers of people from rural regions moving into urban areas in search of jobs
and employment. With these large numbers, the demand for housing outpaced the supply, thus creating
informal housing such as slum settlements®. In the early 19" Century, similar patterns were observed in
American cities such as New York and Chicago. In line with the European cities, immigration,
industrialization, and rural-to-urban migration were the main causes for the formation of these slums®.
In the global South, slums began to spread in the early to late 20th century from South America to Asia
to Africa in cities such as Rio, Caracas, Mumbai, Karachi, Lagos, and Nairobi (Table 1).

Slums are usually the resulting product of rapid and uncontrolled urbanization, where there is a high
demand for affordable housing but a limited supply of it. This leaves low-income groups with little to
no choice, thus forcing them to settle in unregistered lands in numbers, creating a slum®. Moreover, the
lack of basic municipal services like sidewalks, paved roads, and street lighting is evident in this slum
settlement. There is also a lack of public services such as hospitals, schools, etc., and public spaces for

2 EACPM (2024). Revisiting complex conundrums of slum definition in urban policy. Economic Advisory Council to the
Prime Minister.

3 UN-Habitat (2020). Indicator 11.1.1 training module: Adequate housing and slum upgrading.

4 Crymble, A. (2021). The decline and fall of an early modern slum. Urban History.

5> UN-Habitat (2020). Indicator 11.1.1 training module: Adequate housing and slum upgrading.

& Purcell, R. (2012). An International Perspective on: Asset Based Development
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Table 1. Historical Background of Slum
Timeline Cities Images Causes Formation of Slum
'\
18" London, Industrialization
Paris Immigrati
Century sration
& Rural to Urban
Barcelona Migration
19" New York Industrialization
& Immigrati
Century sration
Chicago Rural to Urban
Migration
Early Rio Immigration *
15
20 & } Inadequate
Century Caracas Hoxsmz
Urban Slums
Mid-20" | Numbai Immigration
Century & Natural Increase
n Population
Karach:
Late Lagos Immigration
20" & Natural Increaze
in Populati
Centerll Nairobi R
/

Source: Prepared by Authors

7 Alliance, C. (2014). About Slum Upgrading.
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2.2. The growth of slums

According to UN-Habitat (2024)8, almost a quarter of the world's population is estimated to dwell in
slums. The number of slum dwellers has increased from 1.05 billion in 2020 to 1.12 billion in 2022. In
this estimation, it is predicted that this number could rise to about five billion people in the year 2030.
In Africa alone, it is estimated that more than half of urban dwellers live in slums. This accounts for
about 53.6% of urban dwellers. Similarly, in Asia, it is estimated that almost 25% of the urban
population also dwell in urban slums (UN-Habitat, World City Report, 2024). In conclusion, it is evident
that slums have significantly grown both in size and the number of dwellers, thus posing a paramount
and undeniable truth to the need for their sustainable urban planning.

2.3. The sustainable development of slums

As a result of the capacity of people these slums hold, it is paramount to transform them into sustainable
and livable environments by integrating strategies emphasizing social, environmental, and community.
Sustainable development of urban slums offers an opportunity to create slums that are resilient, inclusive
in planning participation, and aligned with Sustainable Development Goals®

These sustainable strategies focus on improving the living conditions of slum dwellers without evicting
them or displacing them. The research categorizes these sustainable approaches and builds on successful
case studies that have implemented these strategies. The three pillars of sustainable approaches
undertaken in the research are as follows (Table 2).

Table 2. Sustainable Strategies for Slum Upgrading

Sustainable Society Environment Economy
Approach
Shedding light on the strength and Sustainable Energy Advocating the
resilience of slum communities. Use importance of Legal
- Raghts and Land
Sustainable Water Use Tenure for 2 long-
Highlighting the importance of equal Sustainable Sanitation | sustainable
participation of different groups in all - — development
- i Sustainable Building
stages in the development process. -
Materials

Source: Prepared by Authors

3. METHODOLOGY

This research explores how slum areas can achieve sustainable urban development by analyzing a
variety of real-world examples from different regions and socio-economic conditions. The study
prioritizes cases that demonstrate innovative and practical solutions for upgrading slums in addition to
some design proposals that have the potential to enhance and contribute to the overall wellbeing of the
slum. These relatively recent projects illustrate some of the best and most successful strategies applied
in different urban settings, highlighting how sustainable practices can be customized according to each
slum’s unique challenges. Furthermore, they emphasize effective approaches such as community
engagement, environmental conservation, and securing land rights, which offers practical insights into
how slums can evolve into sustainable and resilient urban developments.

3.1. Community Engagement & Participatory Planning
Here are related cases analyzed in the context of Community Engagement and Participatory Planning.

8 UN-Habitat (2024). World Cities Report.
° UN-Habitat (2020). Indicator 11.1.1 training module: Adequate housing and slum upgrading.
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3.1.1. Case study: Mit "Uqgba, Egypt

Mit ‘Ugba is a popular neighborhood that, like many other neighborhoods in Egypt, lacks basic public
services, specifically sanitation. The sewer system usually clogs up and floods the streets, damaging the
citizens’ habitat and abstracting pedestrian and vehicular flow. The people of Mit "Ugba lacked the
resources to resolve these problems independently. However, with the government continuously
ignoring their demands and needs, the neighborhood’s residents, especially the young ones, started a
grassroots movement and decided to take the matter into their hands, which was the most important
element of the initiative. The residents themselves determined their needs based on priority and
conveyed the limited public resources of the Aguza district into these priorities. After consulting with
several engineers, it was suggested that cement interlocking paving blocks be used instead of asphalt
due to their low price and ease of maintenance. The community in M1t ‘Ugba actively contributed to the
street improvement project, engaging in cleaning, waste removal, paving, and tree planting™ (Figure 1).
The positive results have encouraged the residents to maintain the street’s cleanliness for the longest
time. This success of the Popular Committee has also encouraged the community to suggest new ideas
for neighborhood improvements and future challenges. The community engagement in this project
fosters sustainability in three key ways: Socially, by ensuring the contribution of all the locals in the
improvement process at all stages. Economically through the sustainable choice of interlocking cement,
and environmentally by maintaining the material and the streets for the longest time.

S
Figure 1: A social sustainability lesson from Egypt: Local participatory in Mit “Ugba, Giza, Cairo,
Egypt"!

3.1.2. Case study: The Mukuru Special Planning Area (SPA) project, Kenya

The Makuru Special Planning Area (SPA) is a significant initiative that showcases participatory
approaches aiming to upgrade the informal settlements of Mukuru Kwa Njenga, Kwa Reuben, and
Viwandani in Nairobi, Kenya, by placing slum residents at the center of planning and development
efforts. This project represents a collaborative effort among community members, NGOs, and various
government departments which resulted in the Nairobi City County Government declaring Mukuru as a
Special Planning Area. The SPA aimed to create a participatory physical development plan to address
the unique challenges of Mukuru’s informal settlements. Community members were organized as

10 Karamallis, A., Kimani, J., & Nyambuga, K. (2022). Citizen-led slum upgrading: The Mukuru Special Planning Area.
Retrieved from https://www.goldvi.uclg.org/en/democratizing

11 Karamallis, A., Kimani, J., & Nyambuga, K. (2022).
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groups such as women-led savings groups, this not only facilitated their engagement but also helped to
strengthen local capacities and foster economic growth. The project utilizes settlement profiling, which
relies on conducting surveys to gather data on various aspects of life in Mukuru, such as land ownership,
access to services, and health, which contributes to planning and decision-making (Figure 2). Also, the
role of the community members wasn’t limited to only providing the data but also contributing to the
labor work (Figure 3).

Figure 2: Conducting the survey in Mukuru Kwa Reuben. (Karamallis et al., 2022); Figure 3:

Mukuru Kwa Reuben residents and Muungano federation members from across Nairobi unblocking
one of the neighborhood’s drains (Karamallis et al., 2022).

3.2. Environmental sustainability and climate resilience
Here are related cases analyzed in the context of environmental sustainability and climate resilience.
3.2.1. Case study: Sustainable sanitation, Sanergy Project, Nairobi, Kenya

Sanergy, a social enterprise in Nairobi, Kenya, was co-founded by two MIT Sloan students who
developed an integrated waste management model. Sanergy aims to enhance sanitation in Kenyan slums
while simultaneously providing employment opportunities and generating income for slum residents.
The model proposes developing a sustainable sanitation cycle that promotes positive health, social,
environmental, and economic outcomes *2. The model operates in four stages: first, creating affordable
sanitation centers in slums; second, franchising these centers to local entrepreneurs; third, implementing
a low-cost waste collection system, and finally converting the collected waste into electricity and
fertilizer, which will be then sold to the national grid and local commercial farms. Sanergy managed to
achieve significant social and environmental benefits, it generated 771 jobs, including Sanergy team
members and Fresh Life Operators, established a profitable business model selling energy and fertilizer,
promoted local engagement and economic development, and reduced the reliance on synthetic fertilizers
and non-renewable energy sources. The table below summarizes the systems-based approach to solving
the sanitation crisis by Sanergy.*® (Figure 4).

12 Bettex, Morgan (2010). “In the World: Turning Waste into Profit.”
13 Elrayies, G. M. (2016). Rethinking Slums: An Approach for Slums Development towards Sustainability. Journal of
Sustainable Development
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The system  Illustration The technique
1.Build Fresh Life Toilet (FLT) is pre-fabricated at local workshop. They're
A gt glia made of high-quality materials that are easy to be maintained. FLTs
§s 8 §'s have a small footprint that enables installing close to homes. They are

cost-effective and hygienic as they include hand-washing facilities.

2.Franchise \ l j FLTs units would be franchised to local operators to ensure the
i T maintenance of the facilities. The roles of the Fresh Life operators are;
\ l / providing FLTs, training, the daily collection services, financing,
@ @ operational support, and ongoing marketing.
3.Collect Sanergy members' staff collects the waste from the FLTs daily by
\ J wheelbarrow, handcarts, and/or truck, and then stores it in air-tight
I.LLM I,LLM containers. After that it transported to a centralized processing center
\ J with an optimized distribution network. Members of the body that
SO ! collects waste a day, whether manual or vehicles by truck, and then are
f”' by stored in sealed containers, and then transferred to a central processing
S ‘ center through the optimal distribution network.
4.Convert ¥ P / \ £ Contractors would collect the waste and convert it at a centralized
s ?\ ! facility into useful by-products such as organic fertilizer and renewable
5 _{. e & energy. Both products would be sold back to the open market for profit.
e J,gk‘L That profit would be reinvested to scale the infrastructure to reach

more people. 100% of the waste is safely treated.

Figure 4. Sanergy

3.2.2. Case study: Sustainable water use, the Productive End Walls, Manila, Philippines

"The Productive End Walls" project is an honor-awarded student initiative from the American Society
of Landscape Architects in 2010%. The project recognizes the complex challenges of poor
neighborhoods and offers a comprehensive solution for sustainable water use, economic development,
and improved social conditions. The project proposes using rainwater harvesting systems on the often-
neglected end walls of low-cost housing to boost the economic well-being of those living in poverty
(Figure 5). The design promotes community engagement and offers a low-cost solution to improve the
lives of the slum dwellers by providing food and raising their living standards. This concept is easily
replicable, it is designed to be scalable and can be implemented in any slum with sufficient rainfall.

Figure 5. Rainwater Harvesting Application: The Productive End Walls (ASLA, 2010)

3.2.3. Sustainable building materials

Sustainable construction relies on building materials that are obtained locally, in addition to those that
are derived from recycled or waste sources, thus, reducing transportation expenses and associated CO»
emissions. Sustainable building materials can meet the needs of sustainability across its three pillars.
Adopting these materials in construction can minimize the environmental footprint of buildings since
they require less energy to produce compared to modern alternatives. Also, they are often more
affordable, offer better value in the long term, and promote job and skill development within
communities. Furthermore, sustainable materials encourage local engagement and contribute to better

14 ASLA (2010). Student Awards | Productive End Walls.



community health, thus, promoting social well-being.*> Sustainable building practices include using
diverse materials like sandbags and techniques like earth-ship construction, along with the use of
recycled or repurposed materials such as glass, plastic bottles, aluminum waste, bamboo, scraps, paper,
and shipping containers. The table below shows the advantages of the eco-friendly low-cost material
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and their technical aspects across the three dimensions of sustainability (Table 3).

Table 3. Benefits of Sustainable Building Materials

Environmental Economic Benefits Social Benefits
Benefits
Common benefits As local materials; they  They are low cost More than employing

cut carbon emissions
related to transportation.

material, either as
locally produced
materials or as waste.
No need for highly
skilled labour (just
on-site training).

It is often built by the
homeowners themselves.

Bamboo

METI Handmade School in
Rudrapur, Bangladesh

It reduces pressure on
local timber forests. It

. grown and harvested

faster with an ability to
decrease soil erosion.

Bamboo Products can
stimulate local economic
development and create
employment
opportunities if workers
are successfully trained.

Straw-bale

A straw bale house

constructed in Pakistan

No harmful hazardous
produced. It reduces the
pollution caused by
burning. Since it has

% high R-value, it can

reduce energy usage
over the life time of the
building.

With plaster as a
finishing material, it will
be lower cost than with
concrete.

Earth-ship

_— “’J‘.‘l e
Earthships built out of
discarded materials such as
automobile tires and
aluminum cans and finished
with natural adobe.

= Earthship buildings have

low impact on
environment as they
powered through wind
& solar power resulting
in energy efficient low
carbon construction.
They are off-the-grid
homes, thermal mass
construction, water
(rainwater)
self-contained, and have
its own sewage.

It is low-cost
construction as it is a
building with 45%
reused materials. It is
energy efficient
buildings as actively
thermal buildings. It is a
self-contained system
based on the six design
principles of the
Earthship (shelter, water,
energy, sewage, food
and comfort)

3.2.4. Case study: Sustainable Energy use, Cape Town-Kuyasa Settlement, South Africa

Launched in 1999 and completed by 2010 with a budget of US$4.67 million, the Kuyasa Low-Income
Energy Efficiency Housing Project in Cape Town, South Africa, is a retrofit initiative in which 2309
low-income houses were upgraded through the installation of energy-efficient technologies such as solar
water heaters, ceiling insulation, and compact fluorescent lamps. The project’s goal was to enhance the
living conditions of the settlement residents, reduce energy costs, and decrease CO emissions from
fossil fuel-based sources of energy. The project was a collaborative effort between the City of Cape

Sand-bag

Sandbag shelters in Brazil

15 EPA (2016). Why Build Green?

It optimizes performance
of HVAC, reduces
demand for
non-renewable energy
source, and serves as
flood barriers.

It is one of the most
inexpensive building
methods on the planet.
The skills needed to
building are minimal.
The structure can be
recycled once.

Source: Elrayies, 2016

products, these
sustainable materials
employ local people.

As these materials don’t
need professionally
skilled labor, it involves
all community members
in the construction
process.

Positive contribution
among locals leads to
empowering the
community.

It disseminates technical
competence in
eco-building through the
gained experience &
workshops.

The feeling of
ownership creates
greater cooperation,
pride in communities,
and consequently,
develops the sense of
belonging.
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Town, the Dutch NGO South South North (SSN), and most importantly the Kuyasa residents (Figure
6). The project managed to generate significant social, environmental, health, and community benefits,
it created local job opportunities, increased household income by contributing to energy saving,
improved thermal comfort, which enhanced the overall indoor environmental quality, and promoted
active community engagement. The project’s positive results in increasing energy saving and reducing
CO2 emissions respectively by (34%) and (33%), demonstrate how sustainable energy interventions can
resolve various issues affecting slums around the world, it also highlights the importance of
governmental support by having long-term vision, systematic planning that includes the residents in the
process, and by facilitating the mobilization of adequate financial resources (Energy Sector Management
Assistance Program [ESMAP], 2012)®

Figure 6: Kuyasa CDM Projec

t19

3.3. Legal Rights and Land Tenure
Here are related cases analyzed in the context of legal rights and land tenure.
3.3.1 Case study: Baan Mankong program, Thailand.

The Baan Mankong (secure housing) initiative was launched in 2003 because of multiple unsuccessful
attempts at slum upgrading and housing programs®. The objective of the program was to improve
housing through comprehensive community development. The Community Organization Development
Institute (CODI), a quasi-governmental organization in Thailand, is the primary actor in addressing
housing issues. To encourage and facilitate collaboration, CODI established a joint committee that
serves as a platform, bringing together informal settlers, local governments, professionals, universities,
and NGOs. CODI’s established framework allowed informal communities and their networks to
collectively engage in land tenure negotiations, long-term planning, and fund development for their
projects. Despite being a public agency, its operations and planners are independent of government land
and development control, allowing it to function freely without the obligation of generating economic
profit. Although these planners possess the formal qualifications to engage with government entities,
they often lack the lived experience and knowledge of the community itself. On the other hand, local
settlers feel intimidated or unqualified to participate since they are unable to use the same technical
language as planners and officials. For these reasons, planners played the crucial role of the intermediary
between the locals and the government, facilitating communication and negotiations. In general, by
facilitating self-organization, CODI enabled the communities to share their lived experience, advocate
for their rights, and collectively decide their neighborhood's development future, whether through
housing projects or relocation options (Figure 7).

16 Kuyasa CDM Project Website: http://www.kuyasacdm.co.za/index.php

Energy Sector Management Assistance Program (ESMAP) (2012). Kuyasa energy efficiency and carbon finance in low-cost
housing.

20Baan Mankong Initiative,” n.d
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Figure 7. Residents mapping their community?’

3.3.2. Case study: Tanzania-Bondeni Community Land Trust, Kenya.

The Community Land Trusts (CLTs) are new property models that offer new ways to address the
housing needs of low-income communities through providing secure land ownership and affordable
housing (Figure 7, 8). In Kenya, the way CLTs operate is simple, they purchase and take ownership of
the land, holding it in trust for a particular group, this model establishes a distinct separation between
the ownership of the land and the ownership of the building it supports, in other words, the land is owned
and managed collectively by the trust, while individual households keep the ownership of their
dwellings. This framework ensures that the land remains affordable and accessible to future generations.
Additionally, CLTs contribute to long-term housing affordability by taking land out of the market which
prevents it from being affected by the inflating housing costs. The implementation of the Tanzania-
Bondeni CLT was the answer of the Voi municipal council to the petition of the residents of the
Tanzania-Bondeni settlement in which they demanded the legalization of their informal settlement. This
grassroots movement highlighted the community’s urge for secure land tenure and the desire to improve
their living conditions. (Midheme & Moulaert, 2013)

Figure 4. Persistently bad housing among very poor households in Tanzania-Bondeni. Source:
(Midheme & Moulaert, 2013) Figure 5. An improved dwelling following settlement upgrading in
Tanzania-Bondeni. Source: (Midheme & Moulaert, 2013)

4. RESULTS

The research analyzes how important the combination of community participation and urban planning
is in achieving a long-term, sustainable, and resilient urban slum. On the other hand, Initiatives like
Sanergy's waste management and Kuyasa's energy-efficient retrofits not only address resource
limitations but also contribute to sustainable economic growth, which results in the improvement of
living conditions of the slum dwellers. Furthermore, Baan Mankong and similar secure land tenure
programs show that stability and long-term development can be achieved via collaboration between

17 Midheme, Emmanuel, and Frank Moulaert (2013). “Pushing Back the Frontiers of Property: Community Land Trusts and
Low-income Housing in Urban Kenya.
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that they all succeeded socially, economically, and environmentally (Table 4).

Table 4. The Findings of the Study

Sustainability Aspect Key Findings Examples
Social Impact Community | In the case of Mit "Ugba, Egypt, | Mit "Uqgba, Egypt
engagement | residents took initiative in the
improvement of their streets. It is
evident that community engagement
empowered the residents and
fostered a sense of ownership.
Improved This is evident in the case of Sanergy, | Sanergy Project, Nairobi,
sanitation Nairobi. This helped the residents | Kenya
dispose of waste in an orderly and
Environment reusable manner.
Impact Reuse of | Similarly, in the Sanergy project, | Sanergy Project, Nairobi,

waste energy.

there was a successful use of waste
products that were turned into
energy.

Kenya

Sustainable
water use

As a result of the difficulty in
accessing clean water, the Manila
rainwater harvesting program helps
with this difficulty.

The Productive End
Walls, Manila,
Philippines

Economic Aspect | Job
opportunities

In this sustainable approach, a
window of opportunity was created
for the residents through the
availability of jobs. Dwellers were
paid in the facilitation and the
management of the Fresh Life Toilets
(FLT)

Sanergy Project, Nairobi,
Kenya

Land tenure Legal land

security

There was a successful process for
the dwellers to receive a
strengthened legal security and avoid
displacement. This successfully
fostered long term stability.

Baan Mankong,
Thailand: Collaborative
Housing Upgrades.

Bondeni CLT, Kenya:
Secure Community land.

Source: Prepared by Authors

5. CONCLUSION

Based on the analysis of the case studies, it can be concluded that sustainable urban development in
slums hinges on collaborative approaches that involve slum residents in all stages of the development
processes. Slum dwellers have strong human capital; they rely massively on self-effort to independently
bring changes. Also, they can coexist with various problems, and have the capability to construct their
own houses with basic skills and tools. With all that taken into account, it is possible to say that
community engagement is a decisive factor that can either guarantee the success or the failure of any
approach suggested.
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Zaman ve Frekans Farklarindan Yararlanarak Hareketli Ses Kaynag1 Konumu
Belirleme
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Ozet: Bu calismada, hareketli bir ses kaynaginin konumunu belirlemek i¢in Time Difference of Arrival (TDOA) ve
Frequency Difference of Arrival (FDOA) ydntemlerini birlestirerek gelistirilmis bir algoritma sunulmugstur. Ses
kaynagindan mikrofonlara ulasan ses dalgalarinin zaman ve frekans farklarin kullanarak konum tespiti yapmak
hedeflenmigtir. Bu yontemlerin birlesimi, kaynagin yerini ve hizini dogru bir sekilde izlemeyi miimkiin kilmaktadir.
TDOA Yontem ile mikrofonlar arasindaki zaman farklarini kullanarak, ses kaynagi ile mikrofonlar arasindaki
Mesafeleri hesaplamakta ve bu mesafeler kullanilarak kaynagin konumu tahmin edilmektedir. FDOA Yontemi ile
ses kaynagimin hareketinden kaynaklanan Doppler etkisi ile frekans kaymalarindan yararlanarak, kaynagin hizini
ve yoniinii tespit etmektedir. Bu iki yontemin birlikte kullanilmasi, ézellikle hareketli kaynaklarin konum belirleme
ve izleme dogrulugunu artirmaktadir. Ayrica, optimizasyon yontemleri (en kiigiik kareler yontemi) kullanilarak
kaynagin tahmin edilen konumu ile ger¢ek konumu arasindaki farklar minimize edilmistir. Simiilasyon sonu¢larina
gore, kaynagin gercek hareketi ile tahmin edilen hareketi arasindaki ortalama hata hesaplanmis ve konum
tahmininin dogrulugu degerlendirilmistir. Elde edilen sonu¢lar, TDOA ve FDOA kombinasyonunun hareketli ses
kaynaginin konum tespiti icin etkili bir yontem sundugunu gostermektedir. Bu ¢alisma, ses kaynagi izleme ve
konum tespiti sistemlerinde kullanilabilecek pratik ve giivenilir bir yaklasim dnererek, ozellikle acil durumlar,
giivenlik ve ¢evresel izleme gibi alanlarda potansiyel uygulamalar i¢in bir temel olusturmaktadir.

Anahtar Kelimeler: Ses Kaynagi Konum Belirleme, TDOA, FDOA
Determining the Position of a Moving Sound Source Using Time and Frequency Differences

Abstract: In this study, an algorithm developed by combining Time Difference of Arrival (TDOA) and Frequency
Difference of Arrival (FDOA) methods is presented to determine the position of a moving sound source. The aim
is to perform position detection using time and frequency differences of the sound waves reaching the microphones
from the sound source. The combination of these methods enables accurate tracking of the source’s location and
velocity. The TDOA method uses the time differences between microphones to calculate the distances between the
sound source and the microphones, and the source's position is estimated using these distances. The FDOA method
detects the velocity and direction of the source by utilizing frequency shifts caused by the Doppler effect resulting
from the movement of the sound source. The combined use of these two methods improves the accuracy of position
determination and tracking, particularly for moving sources. Furthermore, optimization techniques (such as the
least squares method) are employed to minimize the differences between the estimated and actual positions of the
source. According to simulation results, the average error between the real motion of the source and the predicted
motion was calculated, and the accuracy of position estimation was evaluated. The results demonstrate that the
combination of TDOA and FDOA provides an effective method for determining the position of a moving sound
source. This study proposes a practical and reliable approach that can be used in sound source tracking and
position detection systems, offering a foundation for potential applications in areas such as emergency situations,
security, and environmental monitoring.

Keywords: Sound Source Localization, TDOA, FDOA

| 244



/ /

(7 22" UBAK, 08 - 09 March 2025, Ankara (<~
UBAK UBAK

1. GIRiS

Ses kaynagi konumlandirma sistemleri, 6zellikle pasif akustik dinleme uygulamalarinda yaygin olarak
kullamlmaktadir. TDOA tabanh yontemler iizerine yapilan c¢aligmalar, genellikle mikrofonlar
arasindaki zaman farklarim kullanarak kaynagin konumunu belirlemeye odaklanmustir [1, 2]. Ancak,

yalnmizca TDOA kullanildiginda hareketli ses kaynaklar i¢in dogruluk azalmakta ve kaynagin hizi
hakkinda dogrudan bilgi elde edilememektedir [3, 4].

FDOA tabanli yontemler ise, Doppler etkisinden yararlanarak kaynagin hiz bilesenlerini
hesaplamaktadir [5]. Ozellikle radar sistemlerinde kullanilan FDOA, akustik ortamda da basarili
sonuglar verebilecegi gosterilmistir [6, 7]. Bununla birlikte, TDOA ve FDOA’nin bir arada kullanildig1
hibrit yontemler ilizerine yapilan caligmalar simirlidir. Bu nedenle, bu c¢alismada iki yOntemin
entegrasyonu ile daha dogru bir konum tahmini hedeflenmistir.

Bu ¢alisma, FDOA yo6ntemini de dahil ederek Doppler etkisini kullanmakta ve daha hassas bir konum
ve hiz tahmini sunmaktadir. Bu baglamda, ¢alismanin temel katkilar1 sunlardir: i) TDOA ve FDOA
yontemlerinin birlestirildigi hibrit bir akustik konum belirleme algoritmasinin sunulmasi. ii)
Simiilasyonlar ile dogruluk analizi yapilarak hata oranlarinin degerlendirilmesi. iii) Farkli sayida
mikrofon dizileri kullanilarak konum tahmin algoritmasimnin gelistirilmesi.

2. YONTEM

Bu caligmada, hareketli bir ses kaynaginin konumunu ve hizin1 tahmin etmek i¢in Zaman Farki
(TDOA) ve Frekans Kaymasi Farki (FDOA) yontemlerinin birlestirildigi bir algoritma
gelistirilmistir. Algoritmanin dogrulugunu degerlendirmek amaciyla simiilasyonlar gergeklestirilmis ve
farkli senaryolar ile performans analizi yapilmustir.

2.1. Sensor Yapilandirmasi ve Hareketli Ses Kaynagi1 Modeli

Calismada, sabit konumlara yerlestirilmis N adet mikrofon kullanilmistir. Mikrofonlar, iki boyutlu bir
diizlem iizerinde esit arahiklarla R yarigapli dairesel bir sekilde dagitilmis olup, ses kaynaginin hareketi
boyunca sinyal verilerini toplamaktadir. (xi, Yi) mikrofon konumlar1 olmak tizere, mikrofon sayisi
degistikce olusacak konum denklemi su sekilde yazilabilir:

N (1)

Ses kaynagi, sabit hizla hareket eden bir nokta kaynaktir ve belirli bir zaman araliginda farkl
konumlara ulasarak mikrofonlara ses sinyali gdndermektedir. (Xo, Yo) baglangic konumu ve Vy, Vy hiz
bilesenleridir. Denklem (2) ses kaynaginin zamana bagli konumudur.

(ms(t)a Ys (t)) = (:EO + 'U;ctv Yo + Uyt) (2)

2.2. Zaman Farki Hesab1

TDOA yontemi, ses kaynaginin konumunu belirlemek i¢in mikrofonlara ulagan sinyaller arasindaki
zaman farklarini kullanmaktadir. Kaynagin belirli bir anda mikrofonlara olan ger¢ek mesafesi di(t) su
sekilde hesaplanmaktadir:

©)
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Burada di, kaynagin i. mikrofona olan uzaklhigidir.

Sesin yayilma siiresi
ti= di/c

TDOA iki mikrofona gelen ses sinyalleri arasindaki zaman farkidir:

Denklemde ¢ ses hizidir.
2.3. Frekans Farki Hesabi

/

-

UBAK

4)
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)

Ses kaynaginin hareketli olmasi sebebi ile, ses dalgalar1 birbirine yaklasir ve algilanan ses isaretinde
Doppler etkisi sebebi ile frekans kaymasi olusur. iki mikrofon icin FDOA degeri:

Afs=

[(vg cos 0 + vy sin ;) — (v, cos ; + v, sin 6;)]

> =

Ile hesaplanir. A=c/fy isaretin dalga boyudur.
2.4. Konum ve Hiz Tahminlerinin elde edilmesi
i) TDOA ile Konum Tahmini

En kii¢iik kareler metodu ile konum tahmini hesaplanir.

Arpoa - x = brpoa

Burada A ve b matris carpimlari ile denklem 8, 9°daki gibi elde edilir.

21 2y —2cAth m% + yf 2 Atf

2zs  2ys  —2cAty ;Ug 4 yg . CQAI%
Arpoa = : : : , brpos= :

2z 2yN —2eAty ﬂfir + y?\f _ CQAt?\,

X i¢in ¢dziim su sekilde elde edilir:

(AT —1 4T
x = (ArpoaArpos)  Arposbrpoa

(6)

(7

(8,9)

(10)
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ii) FDOA ile Hiz Tahmini
FDOA degerleri ve kiigiik kareler yontemi ile hiz tahmini su sekilde elde edilir:

Arpoa - v =brpoa | 247
(11)
[2(zs —21) 2(ys —w1) —2cAf
2(zs —x2)  2(ys —y2) —2cAfo
Arpoa = : : :
[2(zs —zn) 2(ys —yn) —2¢Afy
(12)
[ (zs —21)° + (ys —31)° — CAST
(zs — 22)* + (ys — 3)* — PASf3
brpoa = :
(25 —zn)* + (ys —yn)* — CASR
(13)
V vektori i¢in denklem (14) bulunur:
v = (AL posArpoa) ' Afposbrpoa n

2.5. TDOA ve FDOA yontemlerinin dinamik agirhklandirmasi

Farkli senaryolar simiilasyon iizerinde denendiginde TDOA ve FDOA yontemlerinin hata oranlari
degismektedir. Bu sebeple hibrit yontemde hata orani yiiksek olan yontemin agirliklandirmasi minimum
tutulacak sekilde dinamik bir agirliklandirma yapilmistir. TDOA ve FDOA agirliklar her iterasyonda
giincellenmektedir.

a ve P hata oranlar1 denklem (15) ve (16) ile bulunmustur.

errorFpoA
errorrpoa + errorppoa + € (15)

0 =

ETTOTTDOA
ErrorTpoA + €rrorrpoa + €

8=
(16)

Tahmini konum su sekilde elde edilmektedir:

Test = aZ7p0oA + B(Tprev + VFDOA - L) a7
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2.6. Hata Hesabi

TDOA (Time Difference of Arrival) ve FDOA (Frequency Difference of Arrival) 6lgimlerine normal
(Gaussian) dagilima sahip rastgele giiriiltii eklenmistir. Gergek diinyada sensor dl¢iimleri miikemmel
degildir, her zaman cesitli giiriiltiller ve hata kaynaklan igerir. Bu ylizden, algoritmalarin
performansini test etmek igin 6l¢iimlere kontrollii miktarda rastgele hata eklenmistir.

Konum hatasi1 denklem (18 ) ile hesaplanmaktadir: | 248

erToTpos (t) = v/ (Ts — Test)? + (Ys — Yest)? (18)

Maksimum (19) ve ortalama hata (20) hesaplar1 yapilmistir. Hareketli ortalama (Moving average) filtresi
ile giiriiltli azaltilmistir.

Ortalama hata denklem (19) ile hesaplanmaktadir:

maz_error = max(errory,(t)) (19)

1
mean_error = Z erToTpes(t)
t (20)

2.7. Simiilasyon ve Degerlendirme

Onerilen algoritma MATLAB ortaminda simiile edilmistir. TDOA ve FDOA yontemlerinin birlikte
kullanildig1 durumlarda farkh senaryolar kiyaslanmstir.

MATLAB Simiilasyonu:

Akustik kaynak lokalizasyonu icin MATLAB simiilasyonu tercih edilmesinin birka¢ 6nemli nedeni
vardir:

1. Matematiksel Modelleme Kolayhgi: MATLAB, matris islemleri, optimizasyon, diferansiyel
denklemler ve istatistiksel analizler i¢in gii¢lii bir altyapiya sahiptir. TDOA ve FDOA gibi yontemlerin
uygulanmast i¢in gerekli olan dogrusal cebir ve optimizasyon algoritmalarini kolayca kullanmayi saglar.

2. Hizh Prototipleme ve Dogrulama: MATLAB, kod yazimini ve test siirecini hizlandiran genis bir
fonksiyon kiitiiphanesine sahiptir. Farkli mikrofon dizilimleri, giiriiltii seviyeleri ve hata kaynaklar1 test
edilerek algoritmalar hizl1 bir sekilde optimize edilebilir.

3. Gorsellestirme Aracglari: MATLAB’in grafik ve animasyon araglar1 sayesinde: Mikrofonlarin
yerlesimi, Ses kaynagmnin ger¢ek ve tahmini hareketi, Hata oranlarmin zaman ic¢indeki degisimi
gibi sonugclar kolayca gorsellestirilebilir. Bu da algoritmanin dogrulugunu anlamay1 kolaylastirir.

4. Gergekei Giiriiltii ve Hata Modellemesi: MATLAB, Gauss giiriiltiisii eklemek veya c¢evresel
faktorleri simiile etmek i¢in giiglii rastgele siirec modelleri igerir.

5. Gergcek Veri ile Calisma imkam: MATLAB, ses dosyalarmdan dogrudan veri alarak gercek
diinyadan kaydedilmis sinyaller {izerinde test yapmay1 destekler. Boylece, laboratuvar ortaminda veya
simiilasyon diginda da yontemlerin dogrulugu 6l¢iilebilir.

6. Paralel Isleme Destegi: Biiyiik 6lgekli simiilasyonlarda MATLAB’in paralel hesaplama destegi
sayesinde islemler hizlandirilabilir. Biiylik mikrofon dizileri veya yiiksek Ornekleme hizlarinda bile
verimli analiz yapilabilir.
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Asagidaki (Sekil 1) MATLAB kodu algoritmasinda goriildiigii gibi, TDOA ve FDOA y&ntemlerinin
dinamik agirliklandirilmasi ve hibrit uygulanmasi ile, hareketli bir ses kaynaginin konumu ve hizi i¢in
cesitli simiilasyon sonuglarmin elde edilmesini ve analiz edilmesini saglamaktadir.

R | 249

Evet
v ¢
/Parame(relen Tammla/
Kuguk Kareler Yontemi ile
Konum Hesapla
v
Mikrofon Konumlarin: Belirle Hayr
v
TDOA ve FDOA Hibrit
‘} Kombinasyonu

Ses Kaynag: Basglangi¢
Konumunu ve Hizim Tanimla \‘ A)

Hareketli Ortalama Filtresi
v Uygula

i <= Mikrofon sayisi

v

Evet i++

\ / Gergek ve Tahmini Yorungeleri

Ciz

Hayir TDOA ve FDOA Hesapla

v

Hata Hesapla ve Sonuglar
Yazdir

Gurultu Ekle

Sekil-1. Sabit-hizli sesli kaynagin TDOA ve FDOA birlesim yontemi ile konum ve hiz tespiti MATLAB
simiilasyonunun algoritma akis semasi.

2. Bulgular

Sekil 2’deki gibi farkli senaryolara gore simiilasyon calisitirilarak, farkli sonuglar elde edilebilmektedir.

Gergek ve tahmini
konum karsilastirmasi

‘ Senaryolar
F|Itre parametrelerini
degistirme
Mikrofon sayisi Kaynak Hizi
degistirme degistirme

Sekil 2. Simiilasyon i¢in farkli senaryolar
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Gergek ve Tahminu(onumlar 018 Tahmini ve Gercek Konum Arasindaki Hata
0.4 Gergek Yorunge
= = Tahmini Yoringe 0.14
03 ® ®  Mikrofonlar
02 012
_oa A, 2 o1
E o & ® I
> E 0.08
0.1 3
=]
02 X 0,06
03 o 0.04
04
0.02
04 02 0 '0,2 04 06 0 1 2 3 4 5
X (m) Zaman (s)
4 Dinamik TDOA-FDOA Agirliklar
——— FDOA Agirhig
T
0 Ortalama Hata: ©.9831 m
0 1 2 3 4 5 . .
Zaman (s) Maksimum Hata: @.1465 m

Sekil 3. “5” mikrofon, (0.05;0.05) baslangic hiz1 ve (100) pencereleme sayisi ile tahmini ve gergek

yoriinge simiilasyonu, zamana bagli hata degisimi ve dinamik FDOA, TDOA agirliklar1.

Sekil 3 ornek olarak verilmistir. Hareketli cismin ilk konumu, ilk hizi, mikrofon sayisi ve filtre

parametreleri degistirilerek yeni sonuglar karsilagtirilabilir.

° Gergek ve Tahmini Konumlar o5 Gergek ve Taiwllnl Konumlar
04
Gergek Yorunge Gercek Yorunge
= = Tahmini Yorunge| 0.4 - Tahmini Yoriinge
03 ®  Mikrofonlar &5 @ Mikrofonlar
02
02
. . 01
E o 3 [ J of @ [}
S 14 "
0.1 I‘ \r 01
02 ¥ 02 [N
03 0.3
04
-0.4 o
04 02 0 02 04 06 05 *
0.6 -0.4 0.2 0 0.2 0.4 06
Am) X (m)

“Ortalama Hata: 0.0877 m
Maksimum Hata: 0.1564 m

Ortalama Hata: ©0.1104 m
Maksimum Hata: ©.2522 m

Y (m)

04

03

0.2

01

-0.1
02
-0.3

-0.4

Gergek ve Tahman(onumar

Gercek Yorunge
Tahmini Yoringe
Y Mikrofonlar
"\\ L]
°
Py
@
-0.4 -0.2 0 02 04 06
X (m)

Ortalama Hata: 0.0876 m
Maksimum Hata: ©.1370 m

Sekil 4. Yalnizca mikrofon sayisi arttirildiginda, «3», «4» ve «5» mikrofon ile simiilasyon
sonuclarinda ortalama ve maksimum hata degerlerinin azaldig1 goriilmektedir.
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05 Gergek ve Tahmini Konumlar 05 Gergexk ve |anmg|| nonumiar . Gergek ve Tahmini Konumlar
- 5
04 04 04
03 o 03 [ ] 03 ®
0.2 02 02
0.1 o1 _ o1
g E £
S0 N >
0.1 0.1 01
02 + sl 02 mini Yoru 02 V-l
ikrofonlar L 0sl @ |251
03t @ 03t @
04
04 0.4 T
* ® 0.4 02 0 02 0.4 06
04 02 0 02 04 06 -0.4 0.2 0 0.2 0.4 0.6 X (m)
X (m) X (m)
Ortalama Hata: ©.1239 m Ortalama Hata: ©.1198 m
Ortalama Hata: ©.1285 m . . .
Maksimum Hata: ©.2455 m Maksimum Hata: ©.2436 n|

Maksimum Hata: ©.2487 m

Sekil 5. Yalnizca filtre pencere parametresi 30; 100; 200 yapilarak elde edilen tahmini yoriingelerin
pencere boyutu arttik¢a daha diizgiin oldugu, ortalama ve maksimum hatanin azaldig1 goriilmiistiir.

Sekil 3, 4, 5 gibi farkli parametrelere bagh sonuglar elde edilebilir. Ornek olarak Tablo-1’e paramatre
degerleri yazilmistir.

Tablo 1: Hibrit yontem simiilasyonunda parametre degisimleri ve hata degerleri 6rnekleri

Mikrofon Hareketl Hareketli Ortalama Filtresi, Orr{eklf?me Ortaggma
Senaryo Sa 1S1 Baslanglg encereleme orani Surest, Hata’

y Hizi p ts Max hata

| 0.1489 m

1 3 0.05; 0.05 10 0.005 0.6409 m

| 0.1181m

2 3 0.05: 0.05 100 0.005 0.2691 m

| 0.3441 m

3 4 0.5;0.5 10 0.005 0.9321 m

| 01170 m

4 4 0.05: 0.09 10 0.005 0.3053 m

| 01122 m

5 5 0.05; 0.09 10 0.005 0.2722 m

3. Sonuc ve Oneriler

Bu calismada, TDOA ve FDOA yontemleri birlestirilerek hareketli ses kaynaginin konumu ve hizinin
farkli 6l¢iim senaryolart icin tahmin edilmesi saglanmigstir.

One ¢ikan bulgular sunlardir:

v Farkly mikrofon dizilimleri test edilmis, esit araliklarla yerlestirilen mikrofonlarin en iyi sonug
verdigi, mikrofon sayisi arttik¢a hatanin azaldigi goriilmiistiir.

*  Ornekleme oram arttikca hata oram azalmaktadir.
= Hareketli kaynagin hiz1 arttik¢a, hata orani artmaktadir.
= Hareketli ortalama filtresi pencereleme boyutu arttik¢a, hata oran1 azalmaktadir.

=  TDOA ve FDOA yontemlerini hibrit olarak hesaplanmasi sirasinda agirliklandirma oranlarinin
degismesi sonuglar1 degistirmektedir. Daha az hata yapan yontemin agirliklandirmasi daha fazla
tutuldugunda hata azalmaktadir.
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= Bu sebeple dinamik agirliklandirma ile iki yontemin avantajlar1 optimize edilmistir.

Gelecek calismalarda bu simiilasyonun gercek veriler ile desteklenmesi ve gergek ortam durumuna gore
3-boyutlu hesaplamalarin yapilabilecegi sekilde giincellenmesi planlanmustir.
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Ozet: Universite kampiisleri egitim-6gretim siiresi i¢inde dgrencilerin giinlerinin énemli bir boliimii siirdiirdiikleri
alanlardir. Dolayisiyla 6grencilerin egitim, barinma, saghk, ulagim, dinlenme ve sosyallesme gibi yasamsal
ihtiyaglarim karsilayacak sekilde planlanmast énem tasimaktadir. Kampiis agik mekanlarinda yer alan peyzaj
donatilari, ogrenciler tarafindan siklikla kullanilan dis ortamlarin hem islevselligini hem de estetik degerini
viikselten yapisal dgelerdir. Basta banklar, aydinlatma elemanlari, ¢op kutulari, otobiis duraklari, tabelalar ve
pergolalar benzeri yapisal dgeler, 6grencilerin konforunu ve sosyal etkilesimlerini desteklerken ayni zamanda
kampiis imajina katki saglamaktadir. Bu ¢alisma ile Ordu Universitesinin Cumhuriyet Yerleskesinde yer alan
peyzaj donati elemanlarinin tiirleri, fiziksel ve islevsel ozelliklerini detayli bir sekilde incelemek amaglanmuistir.
Calisma kapsaminda kampiiste yer alan peyzaj donati elemanlarimin yogunlugu ve dagilimi tematik haritalar
aracthigiyla sunulmugstur. Mevcut donati elemanlarimn durumu analiz edilerek eksikliklerin tespiti yapilmuistir.
Calisma sonucunda, mevcut peyzaj donati elemanlarinin durumunun kapsamh bir degerlendirmesi yapilmistir ve
ogrencilerin kullanim deneyimleri agisindan giiglii ve zayif yonler belirlenerek kampiis yasam kalitesini artirmayt
hedefleyen dneriler gelistirilmigtir.

Anahtar Kelimeler: Alan Yéonetimi, Donati Elemanlari, Kampiis Planlamasi, Peyzaj Diizeni.
Investigation of Landscape Reinforcement Elements in Republic Campus of Ordu University

Abstract: University campuses are spaces where students spend a significant part of their day during the education
period. Therefore, it is important that it is planned to meet the vital needs of students such as education, housing,
health, transportation, recreation and socialization. Landscape elements in the open spaces of the campus are
structural elements that increase both the functionality and aesthetic value of the outdoor environments frequently
used by students. Structural elements such as benches, lighting elements, garbage bins, bus stops, signboards and
pergolas support the comfort and social interaction of students while contributing to the campus image. The aim
of this study is to examine in detail the types, physical and functional characteristics of the landscape elements in
the Cumhuriyet Campus of Ordu University. Scope of work, the density and distribution of landscape elements on
the campus are presented through thematic maps. The condition of existing reinforcement elements was analyzed
and deficiencies were identified. As a result of, a comprehensive assessment of the condition of the existing
landscape elements was made and recommendations were developed to improve the quality of campus life by
identifying strengths and weaknesses in terms of students' usage experiences.

Keywords: Area Management, Campus Planning, Educational Areas, Facility Elements, Landscape Design.

1. GIiRiS
Universite kampiislerinde yer alan kamusal mekanlar, bireylerin sadece temel ihtiyaglarmi
karsilamaktan &te, sosyal etkilesimi artiran, kiiltiirel ve rekreasyonel faaliyetlere alan saglayan énemli
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mekanlardir. Bu alanlarin kullanimi, bireylerin yasam kalitesini yiikseltmek ve refah seviyelerini
artirmak acisindan kritik bir rol oynar (Aksoy & Demir, 2022).

Kent mobilyalari, kentsel alanlarin estetik ve islevselligini artiran, kamusal alan kullanimini
kolaylastiran unsurlar olarak degerlendirilmektedir (Sisman & Giiltiirk Dogruyol, 2016). Agik alanlar,
bireylerin sosyal etkilesim kurmasini saglayan ve kentsel yasam deneyimini zenginlestiren énemli
mekanlar olup, bu alanlarmn diizenlenmesi sehir estetigi agisindan biiyiik bir 6neme sahiptir (Bakan &
Konuk, 1987). Kentle uyumlu tasarlanmus kentsel donati elemanlari, kullanici taleplerine yanit vererek,
daha islevsel ve siirdiiriilebilir mekanlar olugturulmasina katkida bulunmaktadir (Bekar ve ark., 2017).

Universite yerleskelerinde, yapilarm kampiisle biitiinlesmesinin yani1 sira, dolasim sistemleri,
rekreasyonel ihtiyaglara cevap veren dis mekanlar ve fiziksel gelisim igin ayrilan rezerv alanlar gibi
cesitli dis mekan oOzellikleri biiyliik 6nem tasimaktadir. Bu donatilar, yerleskelerin estetik degerlerini
artirirken, ayni zamanda 6grenciler ve diger kullanicilarm sosyo-kiiltiirel ve fiziksel gereksinimlerini
karsilayacak sekilde tasarlanmaktadir (Ozyurt, 2019).

Kent mobilyalari, toplumun konforunu artirmak, dinlenme, korunma, bilgi edinme, dolagim ve
sosyallesme gibi temel ihtiyaglarini karsilamak amaciyla kullanilmaktadir (Bakan & Konuk, 1987). Bu
elemanlarin tasarimi, kullanicilarin 6znel algilar1 ve kiiltiirel yapilar1 goz oniinde bulundurularak
gerceklestirilmelidir (Siu, 2005). Kentin kiiltiirel yapisi; i¢ seviyede geleneksel inanglar ve hayaller, orta
seviyede davramslar ve dil, dis seviyede ise materyal ve nesneler iizerinden ifade edilebilir.

Bulut ve ark. (2008), Aksoy ve Demir (2022) ile Kuter ve Kaya (2019) tarafindan yapilan ¢alismalara
gore kentsel donat1 elemanlar1 asagidaki sekilde siniflandirilabilmektedir:

1. Oturma elemanlari: Banklar ve grup oturma elemanlari.

2. Aydmlatma ve giivenlik kamera elemanlari: Yaya yollari, kopriiler, bitkiler, havuzlar, cephe
aydinlatmalar1 ve giivenlik kameralar1 gibi ¢esitli alt kategoriler.

. Bilgi ve yonlendirme elemanlar1: Bilboardlar, konum belirleyiciler ve yon tabelalar:.

. Smirlandiricilar: Bariyerler, ¢aliliklar, duvarlar ve parmakliklar.

. Ust ortii elemanlari: Pergolalar, kameriyeler ve duraklar.

3
4
5. Su ogeleri: Fiskiyeler, ¢esmeler, havuzlar ve hareketli su elemanlari.
6
7. Sanatsal objeler: Heykeller ve diger plastik 6geler.

8

. Diger 6geler: Cop kutulari, telefon kuliibeleri, ¢iceklikler ve bayrak direkleri.

Kamusal alanlarda dinlenme, sosyallesme ve bekleme gibi aktiviteleri desteklemek amaciyla kullanilan
oturma elemanlari, kentsel yasamin ayrilmaz bir parcasidir. Banklar, hareketli sandalyeler ve grup
oturma elemanlar1 gibi ¢esitleri bulunmakta olup, bu elemanlar ergonomik ve estetik agidan ¢evresiyle
uyumlu olacak sekilde tasarlanmalidir (Bulut ve ark., 2008). Aydinlatma elemanlari, kent mekanlarinda
gorsel konfor saglamak, mekan algisini giiclendirmek ve giivenlik saglamak amaciyla kullanilmaktadir.
Giivenlik kameralar ile entegre edilerek, kamusal alanlarda giivenli bir ortam yaratilmasina katki
saglamaktadir (Kuter & Kaya, 2019). Kamusal alanlarda bilgilendirme ve yonlendirme amaciyla
kullanilan tabelalar, bilboardlar ve konum belirleyiciler gibi elemanlar, yaya hareketliligini
kolaylastirmak i¢in kritik bir rol oynamaktadir. Bu elemanlar ergonomik ve insan dlgeklerine uygun
olmalidir (Aksoy & Demir, 2022). Alanlar1 belirlemek, insan hareketlerini yonlendirmek ve giivenligi
saglamak amaciyla kullanilan bariyerler, duvarlar, ¢aliliklar ve parmakliklar gibi elemanlar, kent icinde
diizeni saglayan yapisal unsurlar arasinda yer almaktadir. Bu elemanlar dayamikli malzemelerden
iiretilmeli ve kentsel estetik ile uyumlu olmalidir (Bulut ve ark., 2008). Kamusal alanlara estetik ve
fonksiyonel katki saglayan su 6geleri, ¢cesme, havuz ve fiskiyeler gibi ¢esitleriyle sehir peyzajini
zenginlestirmektedir. Bu elemanlar, dogal ve yapay unsurlar ile biitiinlesik bir tasarima sahip olmalidir
(Kuter & Kaya, 2019). Kamusal alanlarda golgelik saglamak ve olumsuz hava kosullarina karsi koruma
sunmak amaciyla pergola, kameriye ve durak gibi elemanlar kullanilmaktadir. Bu elemanlar genellikle
ahsap, metal veya plastik malzemelerden iiretilmektedir (Aksoy & Demir, 2022). Kentsel mekanlarin
estetik ve sanatsal yonlerini vurgulayan heykeller ve plastik sanat eserleri, mekan kimligini
giiclendirmektedir. Bu objeler, kentlinin sanatsal algisimi gelistirerek, mekana anlam katmaktadir (Bulut
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ve ark., 2008). Cop kutular, telefon kuliibeleri, ¢igeklikler ve bayrak direkleri gibi kent mobilyalari,
kamusal alanlarin diizenli ve islevsel olmasim saglamaktadir. Bu elemanlar dayanikli malzemelerden
iiretilmeli ve kent tasarimi ile uyumlu olacak sekilde konumlandirilmalidir (T.C. Cevre, Sehircilik ve
Iklim Degisikligi Bakanligi, 2016).

Calismanin amaci, 17 Mart 2006 tarihinde akademik yolculuguna baslayan ve bugiin, 2024’te Yaklasik
olarak 18. yilim kutlayan Ordu Universitesi'nin ulusal ve uluslararasi arenada giiclii bir sekilde
ilerleyisini vurgulamak ve bu gelisimi en etkili sekilde desteklemektir (Ordu Universitesi, 2024) (Sekil
1). Bu dogrultuda, Ordu Universitesi kampiis yerleskesinde bulunan mevcut kentsel donati
elemanlarinin durumunu ve kullanici memnuniyet diizeylerini (6grenciler olarak) degerlendirmek
hedeflenmektedir. Elde edilecek bu degerlendirme sonuglari, kentsel tasarimin gelecekteki iyilestirme
caligmalarina rehberlik edecek 6nemli ¢ikarimlar sunacaktir,

Sekil 1. Ordu Universitesi’nin Genel Gériiniimii (Ordu Universitesi, 2024)

2. MATERYAL ve YONTEM

Ordu ili, Karadeniz Bolgesi'nde yer almakta olup, 2023 yili itibariyle toplam niifusu 775.800 kisiden
olusmaktadr. Ilin yas grubu verilerine gore, aktif niifus olarak tanimlanan 15-65 yas arahginda 516.764
kisi, gen¢ bagimli niifus olarak tanimlanan 0-15 yas araliginda 135.773 kisi ve yagli bagimli niifus olarak
tanimlanan 65 yas ve iizeri yas araliginda 123.263 kisi yasamaktadir ve km? basina diisen kisi sayis1 130
olarak hesaplanmaktadir. Toplam il niifusunun yaklasik %66,6’s1 aktif ve ¢alisma ¢aginda, katma deger
ireten niifus olarak tanimlanabilirken, geri kalan %33,4’lik kismi ise bagimli baska bir deyisle aktif
niifusun bakmakla yiikiimli oldugu tiiketici niifus olarak siniflandirilabilir. Bu durum, Ordu ili
niifusunun is giicti bakimindan geng ve dinamik bir kapasiteye sahip oldugunu gdstermektedir. Ordu'nun
ihracat ve ithalatinda en 6nemli sektorler arasinda findik, mobilya, kagit, orman iriinleri, madencilik ve
kimyevi maddeler yer alirken, havaalani olarak Ordu-Giresun Havaalani hizmet vermektedir. Ordu ili,
40°-41° kuzey paralelleri ile 37°-38° dogu meridyenleri arasinda yer almaktadir (DOKA, 2024).

Ordu ilinin en biiyiik ilgesi Altmordu ilgesi olup; niifusu 225.349 kisiden olusmaktadir. Ilge, bolgenin
sosyal, kiiltiirel ve ekonomik merkezi olarak énemli bir konumda bulunmaktadir ayrica denizle olan kiy1
iliskisi, dogayla yakinhig1 gibi faktérlerle de turizm ve ticaret agisindan énemli bir merkezdir (Unye
Belediyesi, 2024). Altmordu ilgesinde bulunan Ordu Universitesi’nin Cumhuriyet Yerleskesi ise 2,1
km?lik bir alana yerlesmis olup, Karadeniz Sahil Yolu'na yakin bir konumda yer almaktadir ayrica sehir
merkezine yaklagik olarak 8 km mesafededir. Kent merkezine ulagim, toplu tasima araglar1 ve ozel
araclarla 25 dakika gibi kisa bir siirede saglanmaktadir.

Cumbhuriyet Yerleskesi; Tip Fakiiltesi, Dis Hekimligi Fakiiltesi, Ziraat Fakiiltesi, Fen-Edebiyat
Fakiiltesi, {lahiyat Fakiiltesi, Rektérliik, Saglik Bilimleri Fakiiltesi gibi akademik birimlerin yam sira
Merkezi Arastirma Laboratuvari, Merkezi Kiitiiphane, Kapali Spor Salonu, Ogrenci Yemekhanesi ve
cesitli sosyal ve kiiltiirel alanlardan olusmaktadir. Ayrica, 6grencilerin spor ve dinlenme ihtiyaglarmi
karsilamak amaciyla basketbol ve voleybol sahalari, yiirliyiis yollar1 ve acik oturma alanlar1 yerleske
icerisinde yer almaktadir (Sekil 2) (Ordu Universitesi, 2024).
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Sekil 2. Calisma Alan1 Sinirlari

Caligmanin yontemi, yerleskede yer alan donati elemanlarinin tiirleri, islevsel 6zellikleri ve hasar
durumlarim incelemek amaciyla kurgulanmigtir. Bu kapsamda alan caligmasi sirasinda donati
elemanlar1 fotograflanarak kayit altina alinmigtir ve koordinatli bir sekilde mevcut durumlar
haritalandirilmustir.

Donati elemanlarinin siniflandirilmasi

A: Oturma elemanlar1 (banklar, agac alt1 oturma elemanlari vb.)

B: Aydinlatma ve giivenlik kamera elemanlari

C: Bilgi ve yonlendirme elemanlar1 (yon tabelalari, bilboardlar vb.)
D: Sinirlandiricilar (bariyerler, duvarlar, parmakliklar vb.)

E: Su ogeleri (siis havuzlari vb.)

F: Ust ortii elemanlar1 (pergolalar, duraklar vb.)

G: Sanatsal objeler (heykeller vb.)

H: Diger 6geler (¢6p kutulari, bayrak direkleri vb.)

Caligma haritalandirma islemi yerinde yapilan gézlemlerin Google Earth Pro’dan alinan goriintiiler ve
Photoshop programi kullanilarak islenmesiyle gerceklestirilmistir.

3. BULGULAR

Yerleskede yapilan ¢alisma kapsaminda 92 adet aydinlatma diregi ve 64 adet giivenlik kameras1 olmak
iizere toplamda 156 adet aydmlatma ve giivenlik kamera elemani, 68 adet sabit bank, 14 adet hareketli
sandalye, 46 adet grup oturma birimi olmak iizere toplamda 114 adet oturma birimi, 82 adet ¢op kutusu,
32 adet ¢iceklik, 28 adet yonlendirme levhasi, 12 adet bariyer, 30 adet ¢alilik olmak {izere toplamda 50
adet sinirlandirici, 12 adet bayrak diregi, 3 adet havuz, 6 adet pergola, 4 adet kameriye, 1 adet durak
olmak iizere toplamda 11 adet {ist ortii eleman1 ve 6 adet sanatsal obje belirlenmistir. Toplamda 501 adet
donati elemanu, yerleskenin estetik, islevsel ve sosyal kullanimini destekleyecek sekilde diizenlenmistir
(Sekil 3).
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Sekil 3. Cumhuriyet Yerleskesinde Yer Alan Donati Elemanlar1 Ornekleri

Her bir donati elemani i¢in oturma birimleri, aydinlatma elemanlari, ¢op kutulari, igaret ve bilgi levhalari
vb. elemanlarindan hangisi oldugunu tanimlamak {izere tiir bilgisi, koordinat bilgisi, islevsel ozelligi,
fiziksel 6zelligi, mevcut kosullar altindaki hasar durumu gibi bilgilerinin yer aldig1 toplamda 648 adet
donat1 kimlik kart1 olusturulmustur.

Ordu Universitesi yerleskesinde yapilan incelemeler sonucunda belirlenen 156 adet aydinlatma ve
giivenlik kamera elemanimin 2 farkli tipte, 114 adet oturma biriminin 2 farkli tipte, 82 adet ¢op
kutusunun tek tipte, 32 adet cicekligin tek tipte, 28 adet isaret ve bilgi levhasmin tek tipte, 50 adet
smirlandiricinin (bariyer ve ¢alilik) 3 farkl tipte, 12 adet bayrak direginin tek tipte, 11 adet {ist Ortii
elemaninin (pergola, kameriye ve durak) 3 farkli tipte, 3 adet havuzun tek tipte, 6 adet sanatsal objenin
2 farkh tipte oldugu belirlenmistir. Her bir donat1 elemani i¢in kimlik kartlar1 olusturulmus, tiplerine
gore kodlanarak numaralandirilmistir. Donati elemanlarmin tip 6zellikleri ve sayilart Tablo 1’de
detaylandirilmgtir.
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Tablo 1. Yerleskede yer alan peyzaj donat1 elemanlarinin 6zellikleri ve sayilari

. Toplam
Donati Elemant Tiir Tip Numarast Ozelligi Donati
Sayisi
A-Tip1 Banklar Sabit, ahsap ve demir 68
A-Oturma Elemanlari - karisimi
A-Tip3 Grup Oturma Cardakli, tag oturma 46
Alanlari alanlar1
B-Tipl Aydinlatma Yiiksek boylu, yuvarlak 92
B-Aydinlatma ve Giivenlik Direkleri tasariml
Kamera Elemanlar1 B-Tip2 Giivenlik Agag ve yapi1 yanlarina 64
Kameralari sabitlenmis
C-Bilgi ve Yonlendirme C-Tipl Yén Tabelalar: Plastik Tabela iizerine 28
Elemanlari oyma yazilar
D-Tipl Bariyerler HESNC Sl 12
D-Swnirlandiricilar yapilmis
D-Tip2 Caliliklar Dogal sinirlandirici 30
D-Tip3 Duvarlar Algak, tas dokulu 8
o . Orta Biiyiikliikta,
E-Su Ogeleri E-Tipl Havuzlar dekoratif 3
F-Tipl Pergolalar Ahgap malzeme 6
F-Ust Ortii Elemanlar1 F-Tip2 Kameriyeler Ahsap malzeme 4
F-Tip3 Duraklar Ahsap ve metal 1
G-Tipl Heykeller Tas ve bronz malzeme 1
G-Sanatsal Objeler G-Tip2 Plastik Sanatsal Ahsap, Plastik ve tagtan 5
Ogeler Yapilmis
. i Metal, geri doniisiim
H-Tip1 Cop Kutulari 82
) uyumlu
H-Diger Ogeler H-Tip2 Ciceklikler Dogal bitki ortiisti ile 30
uyumlu
H-Tip3 Bayrak Direkleri  Paslanmaz ¢elik 12

Ordu Universitesi yerleskesinde yapilan incelemeler sonucunda, donati elemanlarmin yogunlugunu ve
hasar durumunu gosteren haritalar olusturulmustur. Bu haritalara gore; yerleskede bina yakin
cevrelerinde, otopark ve sosyal alanlarda farkl tipte donati elemanlarinin yogun oldugu goriilmiistiir.
Ozellikle aydinlatma ve giivenlik kamera elemanlarmin, bina yakin gevrelerinde yogunlastigi ve
yerleske genelinde en fazla bulunan elemanlar oldugu tespit edilmistir. Seyir teraslar1 ve spor sahalarinin
cevresinde ise donat1 elemanlarinin daha az yogun oldugu belirlenmistir.

Yerleskede yapilan yogunluk ve hasar durum analizlerine gore; toplam 156 adet aydinlatma ve giivenlik
kamera elemaninin dagiliminda, 12 adetin hasarli, 34 adetin az hasarli ve 110 adetin hasarsiz oldugu
tespit edilmistir. Ayni sekilde, 114 adet oturma biriminin yogunluk haritasinda, 8 adetin hasarl, 22
adetin az hasarli ve 84 adetin hasarsiz oldugu belirlenmistir. COp kutular1 igin yapilan
degerlendirmelerde, 82 adet ¢6p kutusunun 5 adeti hasarli, 13 adeti az hasarli ve 64 adeti hasarsiz olarak
kaydedilmistir. Cicekliklerin yogunluk ve hasar durum analizinde ise 32 adet ciceklikten 4 adetin
hasarli, 8 adetin az hasarli ve 20 adetin hasarsiz oldugu gériilmiistiir. Siirlandirici elemanlar i¢in yapilan
degerlendirmeler, toplam 50 adet sinirlandirici elemanin 3 adetin hasarli, 10 adetin az hasarli ve 37
adetin hasarsiz oldugunu ortaya koymustur. Diger donat1 elemanlarmin biiyiik ¢ogunlugu hasarsizdir.
Bu analizler sonucunda, donat1 elemanlarinin yerlesim yogunlugu ve hasar durumlari, haritalar tizerinde
detaylandirilarak gorsellestirilmistir (Sekil 4).
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Sekil 4. Donatlarin Yogunluk ve Hasar Durumlari

Bu veriler, yerlegskenin mevcut durumunu kapsamli bir sekilde degerlendirmek ve gelecekte yapilacak
diizenleme ve iyilestirmeler i¢in stratejik bir planlama araci olarak kullanilabilir, Yerleskenin daha
kapsamli bir sekilde analiz edilebilmesi i¢in, oturma birimlerinin haritasi, otopark ve sosyal alanlarin
haritasi ile aydinlatma ve giivenlik kamera elemanlarmin haritasi da ¢izilmistir, yerleske diizenlemeleri
icin daha etkili bir analiz yapma imkani sunmustur (Sekil 5).

R £t 1c 3 : y I
Oedu Dniversitesi Cumburiyet *’ Ordu Universitesi Cumhuriye! : % Dedu Dniversitesi Dumhuriyet x*

Yerlagkesinde Peyzaj donan elemanlarn % Yerleskasince Payza) donati alemariar "_;__ Yerleskesinde Payzaj dunats elemanlar
Uterma birimlerin haritesi e Aydinlatme ve Bovenlik Kamera elemanlarin haritas)’ Ctoperk ve sesyal alanlarin haritast

Ferrr—

L2jand Lejand .

——— AT} AU ——— Y ¢ ———
| J Sytuelrens ot e ® sovdiim g yobe
— 100 {rwern 2 emaee —_— —_—
) S Sar . Tk it
Tapi - e o= b P — ., Y
- hoaw e e = hiny wranls ‘-‘\3 E— Yoyayae

Sekil 5. Diger Analizler

Harita analizlere gore, bina ¢evreleri, otopark ve sosyal alanlarda donati elemanlarinin yogun oldugu,
ozellikle aydmlatma ve giivenlik kameralarmin en fazla bulunan elemanlar oldugu belirlenmistir.
Oturma birimlerinin yogunluk haritalar1 da yerleskedeki donati elemanlarmmin durumunu yansitmaktadir.
Aydinlatma ve kameralar bina yakin cevrelerinde yogunlasirken, seyir teraslari ve spor sahalari
cevresinde bu elemanlar daha az yogunlagmistir. Bu bulgular, yerleskedeki diizenlemeler ve
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iyilestirmeler icin onemli bir temel olusturmakta ve gelecekteki caligmalari verimli bir sekilde
yOnlendirilmesini saglayacaktir.

4. SONUC

Yerleskeler, tiniversite 6grencilerinin sosyal etkilesim kurmalarma, yeni arkadasliklar edinmelerine,
zihinsel dinginlik kazanmalarima, fiziksel aktiviteler yapmalarma ve aidiyet duygusunu gelistirmelerine
yardimci1 olan énemli alanlardir (Siu, 2005). Bu baglamda, yerleske tasariminda, yapisal elemanlar ile
acik ve yesil alanlar arasinda giiglii bir bag kurulmali; yerleskenin kullanict yogunlugu, bina islevleri,
sirkiilasyon alanlari, erisilebilirlik durumu, ara¢ ve yaya yollarmin genisligi, otopark alanlarinin
kapasitesi, spor ve rekreasyon alanlarinin biiyiikliigii, donati elemanlarmin tiirii, sayisi, boyutlar1 ve
bitkilendirme tasarimi gibi unsurlar dikkatlice planlanmalidir (Siu, 2005). Yerleske peyzaji iginde yer
alan donati elemanlari, kullanicilarin ihtiyaclarin1 karsilayacak, sosyal etkilesimi tesvik edecek ve
estetik acidan 6zgiin olacak sekilde tasarlanmalidir. Bu tasarimlar, yerleskenin kimligiyle uyumlu olmali
ve ¢evresel kosullara uygun malzemeler kullanilmalidir. bu unsurlarin énemini vurgulayarak, mekanin
islevine uygun ve estetik agidan da uyumlu tasarimlarin gerekliligini ortaya koymustur.

Ordu Universitesi yerleskesinde yapilan incelemeler sonucu yerleskede mevcut olan donati
elemanlarinin tiirleri, islevsel ve fiziksel oOzellikleri ile hasar durumlarina dair veriler ortaya
konulmustur. Bu calisma, Ordu Universitesi yerleskesindeki donati elemanlarinin kullamim alanlarimi
belirlemek, analiz etmek ve gelecekte yapilacak diizenlemeler igin stratejik Oneriler gelistirmek
amaciyla yapilmistir. Calismada, yerleskede yer alan ve mekanlar1 tanimlayan donati elemanlari
kavrami incelenmistir ve siniflandirildi, Yapildi siniflandirmaya Gore toplamda 501 adet donati elemani
tespit edilmistir.

Belirlenen donat1 elemanlarimin tiirleri sunlardir:

e 156 adet aydinlatma ve giivenlik kamera elemant,

o 114 adet oturma birimi,

e 82 adet ¢cop kutusu,

e 32 adet cigeklik,

o 28 adet isaret ve bilgi levhasi,

e 50 adet sinirlandirict (bariyer ve ¢alilik),

e 12 adet bayrak diregi,

e 11 adet iist ortii elemani (pergola, kameriye ve durak),
o 6 adet sanatsal obje.

Toplamda 501 adet donat1 elemani, yerleskenin estetik, islevsel ve sosyal kullanimini destekleyecek
sekilde diizenlenmistir. Her bir donati elemani i¢in kimlik kartlar1 olusturulmus, tiplerine gore
kodlanarak numaralandirilmistir.

Yerleskedeki Donati1 Elemanlarimin Dagihim ve Durumu

Yerleskedeki donati elemanlarinin  yogunlugu ve hasar durumu belirli haritalar {izerinden
gorsellestirilmistir. Ozellikle, bina yakin cevrelerinde, otopark ve sosyal alanlarda yogunlasan donatt
elemanlar1 gozlemlenmistir. Aydinlatma ve giivenlik kamera elemanlar1 yerleske genelinde en fazla
bulunan elemanlar olup, bina yakin g¢evrelerinde yogunlasmistir. Seyir teraslar1 ve spor sahalarinin
cevresinde ise donat1 elemanlarinin daha az yogun oldugu belirlenmistir.

Donati elemanlarinin hasar durumu su sekildedir:

e 156 adet aydinlatma ve giivenlik kamera elemanimin 12 adeti hasarli, 34 adeti az hasarl ve 110 adeti
hasarsiz olarak tespit edilmistir.

e 114 adet oturma biriminin 8 adeti hasarli, 22 adeti az hasarli ve 84 adeti hasarsizdir.

e 82 adet ¢cOp kutusunun 5 adeti hasarli, 13 adeti az hasarli ve 64 adeti hasarsizdir.
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e 32 adet ciceklikten 4 adeti hasarli, 8 adeti az hasarli ve 20 adeti hasarsizdir.
e 50 adet sinirlandirict elemaninin 3 adeti hasarli, 10 adeti az hasarli ve 37 adeti hasarsizdir.
Oneriler

Calisma sonucu elde edilen veriler 1s18inda, yerleskenin mevcut durumu daha kapsamli bir sekilde
degerlendirilebilmis ve gelecekte yapilacak diizenleme ve iyilestirmeler igin asagidaki Onerilerde
bulunulmustur:

e Yerleskede yer alan oturma birimi, ¢0p kutusu, isaret ve bilgi levhasi gibi kentsel donati
elemanlarinin sayisi, yerleske kullanici sayist géz dniinde bulundurularak arttirilmalidir.

e Farkli tipte bulunan kentsel donati elemanlari, yerleske kimligini olusturacak sekilde hem islevsel
hem de estetik agidan tek tipte tasarlanmalidir.

e Oturma birimleri, yerleske kullanicilarmin sosyallesmesine olanak taniyacak sekilde mekanlar
olusturacak sekilde yerlestirilmelidir.

e Hasarli ve az hasarli donat1 elemanlar1 onarilmali ve kalite artirilmalidir.

e Zemin kaplamalari, tiim yerleske kullanicilarinin erisimini kolaylastiracak, takilma riski yaratmayan
malzemelerle yapilmalidir.

e Sosyal alanlarin ve spor sahalarinin sayisi arttirilmali, seyir teraslarinin zemin kaplamalari onarilmali
ve gevresine uygun donati elemanlari eklenmelidir.

e Yerleske kimligini yansitan su 6gesi, heykel, sanatsal obje gibi donat1 elemanlar1 yerleskenin ortak
alanlarinda kullanilmalhdir.

e Yerleske, sadece egitim isleviyle sinirli kalmayip, aligveris, eglence ve rekreasyon ihtiyaglarini da
karsilayacak sekilde diizenlenmelidir.

Bu oOneriler, yerleskenin daha yasanabilir, kimlikli ve G&grencilere yonelik sosyallesme alanlarini
artiracak bir yapiya kavusturulmasina katki saglayacaktir. Calisma kapsaminda elde edilen haritalar ve
¢cOzlim Onerileri, yerleskenin gelecekteki peyzaj tasarim ¢alismalarina rehberlik edecek niteliktedir.
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Ambiyans Aydinlatma Uygulamalarinda Kullanilan Farkh Estetik Yiizeylerin, Parlakhk
Seviyesinin ve Malzeme Katkisinin Miisteri Uzerindeki Etkileri

Arastirmaci Serkan Altlntasl
'TOFAS

Ozet: Sadece konfor ve siklik saglayan ortam aydinlatma sistemleri degil, aym zamanda destekleyici ve islevsel
sistemler olaraktan i¢ aydinlatma biiyiik onem kazanwyor. Yiikselen bir trend olarak, farkl teknoloji uygulamalar
ile artik ambiyans aydinlatmayr aracin herhangi bir yerinde gérebiliyoruz. Ortam aydinlatmasi, miisterinin
istedigi 151k siddeti ve renkleri ayarlayarak yolcu kabininin hem dogrudan hem de dolayli olarak aydinlatilmasin
saglar. Otomobilin i¢ini daha ¢ekici hale getirir ve tiiketici kalite algisim etkiler. Direkt ve dolayli aydinlatmaya
sahip ambiyans aydinlatma par¢alarmmin diriin gelistirmesi sirasinda aydinlatma performanst ile ilgili bazi
sorunlarla karsilasilmakta ve bu sorunlar miisteri memnuniyetini olumsuz etkileyebilmektedir. Bu problemler
genellikle yiizeyde homojen olmayan 151k dagilimi, diisiik parlaklik seviyesi, deseni olmayan yiizeylerde parlama
sorunlart ve katki maddesi olmayan malzemelerde homojenlik sorunlaridir. Bu bildiride, premium segment bir
aragta bulunan gosterge paneli, konsol ve havalandirma menfezlerinin gece modunda yansima problemlerinin
nedenleri arastirilarak sorunun nasil  ¢oziildiigii - anlatilmaktadir.  Sonug¢  olarak ortam — aydinlatma
uygulamalarinda yiizeyin desen tipi, parlaklik degerinin ve malzeme katkisinin miisteri tarafindaki algiyr artirmak
agisindan énemi vurgulanmigtir.

Anahtar Kelimeler: Direkt ve Dolayli Ambiyans Aydinlatma, Desen, Homojenite, Parlakitk Seviyesi

Customer Impact of Usage of Different Finishing Surfaces, Gloss Level and Material Additive On Direct and
Indirect Ambient Lighting Applications

Abstract: Interior lighting is gaining great importance as not only ambient lighting systems providing comfort and
elegance, but also as supporting and functional systems. As an upward trend, we can now see ambient lighting
anywhere in the vehicle with different applications of technology. Interior ambient lighting provides both direct
and indirect illumination of the passenger compartment by setting the light intensity and colors desired by the
customer. It makes the car's interior more attractive and affects consumer quality perceptions. During the product
development of direct and indirect ambient lighting components, some problems related to the lighting
performance are encountered and these issues can negatively affect customer satisfaction. These problems are
generally inhomogeneous light distribution on the surface, low brightness level, glare issue on the surface without
graining, and uniformity problems in materials without milky additive. In this paper, it is explained that the causes
of reflection problems in night mode of the cluster, console and airvents that placed on a premium segment vehicle
are investigated and how the problem is solved. As a conclusion, the importance of the graining type, gloss value
of the surface, material additive in the ambient lighting applications is emphasized in order to increase the
perception on the customer side.

Keywords: Direct and Indirect Ambient Lighting, Graining, Homogeneity, Gloss Level

1. INTRODUCTION

Interior lighting technologies in the automotive field have recently developed a great deal and have
become more aesthetic and functional with new trends. Ambient lighting has been one of the most used
applications among interior lighting technologies. Its importance lies in the fact that it provides a better
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orientation in the car, an improved sense of spaciousness, as well as an impression of safety, value, and
comfort [1-2].

Nowadays, the usage of ambient lighting increases comfort and orientation inside the vehicle during
night drive, which can be almost seen as standard for premium cars. The most commonly used structure
to provide ambient lighting is RGB light-emitting diodes (LEDs) [3] providing orchestrated effects and
living room feeling for autonomous and robot cars including daylight performance. It delivers an
emotional atmosphere, helps to perceive the surrounding space, and provides the decrease of the driver's
fatigue levels [4]. Besides that, vehicle sales and profitability consequently increase.

2. THEORY OF THE REFLECTION

Some specific features are requested at the beginning of the project by the product department, before
the vehicle is released to the serial life. In order to understand the importance and effect of surfaces It
must be understood how the light is seen by the customer. There are 2 different types of lighting features
in terms of the direction of light:

Ambient Lighting Types
Direct Lighting
= Light Source (i.e. Lens) is visible to the customer.

= Output is light coming directly out of the source without reflections from other surfaces.

Direct
Light Source

T

' Direct Ambient Lighting

Figure 6. Direct Ambient Lighting

Indirect Lighting
= Light Source (i.e. Lens) is not visible to the customer.

= Output is light reflecting on a polished or mirrored surface.

Indirect
Light Source

Indirect Ambient Lighting

Figure 2. Indirect Ambient Lighting

Reflection Types

In the Figure 3 below, you can see regular (specular) and diffuse reflections. Waves of light are
represented by arrows called rays. Rays that strike the surface are referred to as incident rays, and rays
that reflect off the surface are known as reflected rays. In regular reflection, all the rays are reflected in
the same direction. This explains why regular reflection forms a clear image. In diffuse reflection, the
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rays are reflected in many different directions. This is why diffuse reflection forms, at best, a blurry
image.

Regular Reflection Diffuse Reflection
Incident rays Reflected rays Incident rays Reflected rays
.\ -\ -\_\ !_/ ,-'/ !_/
NN\ /S
AR /.' / / NN
\\\‘ / _-’(- L N N
\ \ \/f /A /
N\ / \ }
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\ A A / X
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Figure 3. Reflection Types [5]

3. PERCEIVED QUALITY EVALUATIONS ON AMBIENT LIGHTING APPLICATIONS IN
THE DARK ROOM

The Perceived Quality team primarily ask to understand the presence of light and ensure that the light
is distributed homogeneously on the surface. In order to reach this subjective target, we generally use
patterned and painted surfaces, especially in visual parts. Below tests were performed by using the
prototype parts to understand the effect of the graining and painting on the surface.

Light was shined on these surfaces and how it was perceived by the customer was evaluated. Grain
surface and matt black surface are diffusion reflection while high gloss paint surface is mirror reflection
which has less light on it’s surface . Changing high gloss paint to grain or chrome(BENZ benchmark)
or adding some ribs on A surface will help to get diffusion reflection and more light. The results are
shown in Figure 4 below.

Figure 4. Light Investigation on different surfaces

4. LIGHTING PERFORMANCE ON CONSOLE AND AIRVENT

There is only indirect lighting on the console surface, and the surface on which the light falls and the
gloss level of the surface have a great impact on aesthetic perception. The console mock-up you will see
in Figure 5 below was prepared to evaluate these parameters. Not flux limitation applied in the LED
Module of the console mock-up. No dots or buble structure was observed in the lightguide design. Flux
values that can reach up to 3.7 lumen power were used and evaluation was made with all colors. This is
the first trial to understand lighting performance from the perspective of the customer during product
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development. In the optical simulation, we provided an average of 8.8 lux and %30 non-homogeneity
criteria. According to the PQ target, indirect lighting should meet between 3 lux and 10 lux, and the
results meet with our requirements. In the console mockup, 1.5- or 2-times higher lux values were
obtained on the reflection surface when we compare with optical simulation. Nevertheless, the presence
of light should be obvious and there should be lighter on reflection surface of the console.

Figure 5. Light Investigation on console mockup

While the gloss level on the main bezel is expected to be maximum 2 in the project, the gloss level on
the mockup is measured as 6. The gloss level has a big impact on the reflection on the ambiance. In
addition to the pattern on the surface, the gloss level affects the uniform distribution of light. When the
gloss level is high, the absorption of light is low, and the light is reflected more to the outside. Although
this may seem like a good situation, it subjectively has a negative effect on the homogeneous distribution
of light on the surface. Mockup is repeated with sample which has gloss level 2 in Figure 6 below and
we noticed that the light is distributed more homogeneously on the surface, and it no longer tires the
eyes.

Figure 6. Changing gloss level from 6 to 2 on console mockup

There is also direct ambient lighting on the Air vent and this lighting has a logo specific to the Alfa
model. This logo has a homogeneity problem, and this problem is not related to the surface pattern. In
order to solve the uniformity problem, material changed from PC Clear to PC milky. This means that an
amount of milky additive has been added to the PC material. After changing of the material, the
homogeneity problem was solved and accepted by PQ, Color & Material and Product Side. You can see
the uniformity of the snake logo status from the human vision renders in Figure 7 below.

\ e ———
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Logo lens - PC clear

Logo lens - PC Milky
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Figure 7. Air vent logo uniformity renders from simulations

Additionally, prototypes were tested in the dark room laboratory environment in Figure 8. The
comparison between two samples shows that milky samples have:

e Better lighting uniformity

e (Clear improvement of the white, whit chromatic coordinates close to a perfect cool white
e More uniform diffusion of light on the ribs, resulting in a sharper outline of the air vent

e Lower luminance, whit a more pleasant and less blinding result

e Inconclusion, miky samples are a clear improvement over the previous transparent version.

BEFORE

Figure 8. Air vent logo uniformity picture from mockup

In the Air Vent component, light falls on the lateral surfaces and this creates an indirect ambient lighting.
Three different mock-ups were prepared to achieve the most optimum result by considering competitor
benchmarks and different surface conditions. These surfaces are shown as high gloss, silver satin and
black matt in Figure 9 below.



/ /

(7 22" UBAK, 08 - 09 March 2025, Ankara (<~
UBAK UBAK

Silver Satin Surface Black Matte Surface

Figure 9. Three Different Mockup Picture of Air vents

According to the experiments carried out in different conditions in the dark room as shown Figure 10,
the following results were obtained. These results were evaluated by all departments (PQ, Colour and
Material, Product) Glossy surface reflects light better but has low homogeneity. It is also compatible
with other glossy black surfaces and has a more premium perception.

The silver satin surface is at a more optimum level, that is, both the light is distributed homogeneously
and the presence of light is good. However, the color of this surface is silver and is not compatible with
the other parts of the vehicle in terms of color.

Black matt surface has absorbed light to a high degree and the reflection rate has decreased. While the
surfaces where the light falls are felt better in a dark environment, the customer cannot feel the presence
of light. Because the light is reflected less to the outside. In other words, when the homogeneity is good,
the reflection is at a low level. The presence of the ambiance has been ineffective.

High Glossy Surface Silver Satin Surface Black Matte Surface

« Premium look « Color Mismatch with Other Parts « Low light intensity
« Sharper light + More brighter and homogeneous + Homogeneous distribution
+ Low Homogeneous distribution distribution

Figure 10. Three Different Mockup Picture of Air vents in the Darkroom Condition

5. CONCLUSION

Interior lighting has become more functional and aesthetic with the development of new technologies.
Using of ambient lighting increases comfort and elegance inside the vehicle during both daytime and
night drive. In order to provide good aesthetic perception on customers, some design parameters should
be selected correctly during product development. These parameters for ambient lighting can be
explained as the pattern or film used on the surface, milky additive rates in special materials that provide
light transmittance, paint type on the surface and the gloss level of the surface. All parameters should
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be evaluated in a dark room by making realistic prototypes. Prototype has been evaluated both
subjectively and objectively in the darkroom by the Perceived Quality, Product and Color Material team.
In order to understand the presence of light, it is important that it is patterned so that the light will spread
homogeneously on the surface. When the gloss level of this pattern is high, the light is reflected more
and can prevent the light from being distributed homogeneously. Therefore, the gloss level should be
kept optimum according to the surface texture. In order to see a shape on the surface clearly, it may be
useful to add milky additive to the material, which increases the homogeneity of the light. Milky additive
increases homogeneous distribution, while it can reduce the transmitted light power. In order to choose
the optimum for ambient lighting, virtual simulations should be performed first, and this aesthetic
perception should be verified with realistic prototypes. During these verifications, the optimum balance
should be reached with numerical data and subjective evaluations.

REFERENCES

[1] Caberletti, L., EIfmann, K., Kummel, M., & Schierz, C. (2010). Influence of ambient lighting in a
vehicle interior on the driver’s perceptions. Lighting Research & Technology, 42(3), 297-311.

[2] Klinger, K. D., & Lemmer, U. (2008, April). The influence of ambient light on the driver. In Optical
Sensors 2008 (Vol. 7003, pp. 651-654). SPIE.AP

[3] Arizton. Automotive interior lighting system market—Global Outlook and Forecast 2019-2024.
Report 2019. https://www.reportbuyer.com/product/5730665/automotive-interior-lighting-
system-market-global-outlook-and-forecast.html

[4] Interior Lighting. (n.d.). Hella lighting. https://www.hella.com/hella-com/Interior-lighting-
2517.html

[5] Light Guide Techniques Using LED Lamps. (n.d.). https://flexbooks.ck12.org/cbhook/ck-12-middle-
school-physical-science-flexbook-2.0/section/19.5/primary/lesson/law-of-reflection-ms-ps/

| 269


https://www.reportbuyer.com/product/5730665/automotive-interior-lighting-system-market-global-outlook-and-forecast.html
https://www.reportbuyer.com/product/5730665/automotive-interior-lighting-system-market-global-outlook-and-forecast.html
https://www.hella.com/hella-com/Interior-lighting-2517.html
https://www.hella.com/hella-com/Interior-lighting-2517.html
https://flexbooks.ck12.org/cbook/ck-12-middle-school-physical-science-flexbook-2.0/section/19.5/primary/lesson/law-of-reflection-ms-ps/
https://flexbooks.ck12.org/cbook/ck-12-middle-school-physical-science-flexbook-2.0/section/19.5/primary/lesson/law-of-reflection-ms-ps/

/ /

(22" UBAK, 08- 09 March 2025, Ankara (<~
UBAK UBAK

Makale id= 55
ORCID ID: https://orcid.org/0009-0007-5109-1132

Temizleme Yonteminin Otomotiv Endiistrisinde Kullanilan Kumas ve Plastik
Parcalarin Renk ve Parlakhik Ol¢iimlerine Etkisi
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Ozet: Bu ¢alisma, otomotiv endiistrisinde kullamlan estetik plastik ve kumas parcalarmn iizerine uygulanacak farkl
temizleme yontemlerinin renk ve parlakiik ézelliklerine etkisini incelemektedir. Bu malzemelerin goriiniimii arag
tasariminda kritik bir rol oynamakta ve hem tiiketici algisini hem de genel tiriin kalitesini etkilemektedir. Bu
arastirmada dort temizleme yontemi uygulanildi: kuru bezle silme, suyla nemlendirilmis bezle silme, 1slak mendil
ile silme ve alkol bazli temizleme soliisyonu kullanirlarak temizleme. Test i¢in enstriiman panelleri, kapt panelleri
ve koltuk kaplamalari gibi goriiniir otomotiv bilesenlerinde yaygin olarak kullanilan plastik ve kumag numuneleri
secildi. Yiizey ozelliklerindeki olast degisiklikleri degerlendirmek igin her temizleme igleminden dnce ve sonra
standartlastinilmig renk ve parlaklik él¢iimleri yapildi. Toplanan veriler, farkli temizleme tekniklerinin bu
malzemelerin gorsel kalitesi tizerindeki etkilerini karsilastirmak igin analiz edildi. Bu ¢aliyma, temizlik
uygulamalarimin  estetik  otomotiv  bilesenlerinin optik ozelliklerini nasil etkilediginin ~ sistematik  bir
degerlendirmesini saglayarak, malzeme biitiinliigiinii ve uzun vadeli goriiniimii koruyan uygun bakim
yontemlerinin segimine katkida bulunur.

Anahtar Kelimeler: Renk, Parlaklik, Renk Olgiimii, Algilanan Kalite, Temizleme Methodu, Otomotiv

The Effect of Cleaning Methods On Color and Gloss Measurements of Plastics and Fabrics Used in the
Automotive Industry

Abstract: This study examines the impact of different cleaning methods on the color and gloss properties of
aesthetic plastic and fabric components used in the automotive industry. The appearance of these materials plays
a critical role in vehicle design, influencing both consumer perception and overall product quality. In this
research, four cleaning methods were applied: dry wiping, wiping with a water-moistened cloth, wet wipes, and
an alcohol-based cleaning solution. Plastic and fabric samples commonly used in visible automotive components,
such as dashboards, door panels, and seat coverings, were selected for testing. Standardized color and gloss
measurements were conducted before and after each cleaning process to assess potential alterations in surface
properties. The collected data were analyzed to compare the effects of different cleaning techniques on the visual
quality of these materials. This study provides a systematic evaluation of how cleaning practices influence the
optical characteristics of aesthetic automotive components, contributing to the selection of appropriate
maintenance methods that preserve material integrity and long-term appearance.

Keywords: Color, Gloss, Color Measurement, Perceived Quality, Cleaning Method, Automotive

1. INTRODUCTION

Aesthetical design and perceptual properties of a marketing goods plays crucial role in the market where
the parts are selling and give the customers an idea about the brand identity. (Shi, Huo, & Hou, 2021)
Usage of these materials is excessive in the automotive design areas like interior trims; central console,
floor console, instrument panel, door panel, seat covers, or in the exterior trims; bumper components,
side skirts, logos, headlamps, sensor covers etc. Where their visual and perceptual properties are in great
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of importance. (Matsuo, 2008) (Abedsoltan, 2023) When take in the account of their position in a car,
they expose to the sun directly and their optical properties might alter depend on to the exposure time.
In this situation, it would be color and gloss of aesthetical parts where the changes occur (McKeen,
2018).

There are some methods used for cleaning automotive trims and most of the methods that are being used
is a basic dry cloths, microfiber cloths, wet towels, alcohol based cleaning solutions. When measuring
a parts color and gloss, the surface must be free of any contaminant like grease, dust, fingerprint or any
contaminant that may affect the accuracy of the measuring of the color and gloss. (Konica Minolta,
2020)

Understanding the correct cleaning method before taking a color and gloss measurement will lead a way
in automotive industry, especially for perceived quality specialist who are responsible for this kind of
activity in their daily routine as part of their job.

2. MATERIALS AND METHODS
2.1 Materials

Scope of this study is see the effect of how cleaning methods will affect the measurement and for this
purpose different materials that are being widely used in automotive industry were selected. Those
materials split in two category as automotive plastics and fabrics used as aesthetical components. Plastic
materials are consisting of polypropylene (PP) can be seen at Figure 2 and, polycarbonate +
acrylonitrilebutadiene (PC+ABS) can be seen at Figure 1.

Figure 1. Car exterior trim calandra part made out of PC+ABS material

\

Figure 2. Car exterior trim fog lamp housing part made out of PP material

Fabrics are consisting of polyester-based automotive covering materials can be seen at Figure 3, and
polyurethane + polyester material can be seen at Figure 4.
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Figure 3. Car interior trim headliner part made out of polyester

Figure 4. Car interior trim door panel armrest part made out of polyester + polyurethane

2.2 Cleaning Methods

Four cleaning methods have been chosen for test to see how it affects the color and gloss measurement
of the chosen samples. These methods including are, cleaning the sample visible surface with a dry
microfiber cloth, cleaning the surface with water-moistured cloth, cleaning the surface with basic wet
wipes, and final choose is cleaning with ethanol.

2.3 Measurement Techniques
2.3.1 Color Measurement

Color changes were measured with the help of Konica Minolta® CM-3700A spectrophotometer color
measurement device in Figure 1. Specular Component Included (SCI) mode have chosen for the
measurement of all of the materials due to surface of these materials are grained or painted. SCI basically
means it do not include the materials surface properties in the color measurement.

Measurement outputs have been recorded according to the CIELAB L*a*b* system. For better
understanding basically a* means that how red or green the parts are, b* means that how parts are blue
or yellow and L* means that how the parts are black or white. These three combines in a formula and it
equals AE* which quantifies the difference between two color. (Martin, 2015)

AE:, = [(AL)? + (4a*)? + (4b")2] /2
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Figure 5. Konica Minolta® CM-3700A spectrophotometer color measurement device that have been
used for measurements
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2.3.2 Gloss Measurement

For gloss measurement ERICHSEN® PICOGLOSS 560 MC gloss measurement device have been used.
60 degree have been chosen according to the 1ISO 2813 standart.

Gloss means that when the light beam directed to the part, the reflected light is the gloss.

Figure 6. ERICHSEN PICOGLOSS 560 MC gloss measurment device that have been used for gloss
measurement of the samples

2.4 Experimental Procedures

At the begining every specimens color and gloss measurement have been taken three times for an
average value before the cleaning process. In the following, different cleaning methods applied on four
different sample for each material and then waited for a few seconds. After this step color and gloss
measurements have been taken again three times and the new measurments recorded on the related
tables, color measurements recorded on Table 1, AE* results recorded on Table 2 and gloss
measurements recorded on Table 3. After all of the measurments done, obtained data got compared to
each other.



/ /

(7 22" UBAK, 08 - 09 March 2025, Ankara (<~
UBAK UBAK

3. RESULTS

In this section, four cleaning methods got compared to each other that are applied on the different
materials. Measurements are like the below.

3.1 Color Measurement Results

Table 1. Color measurement L* a* and b* results before and after the cleaning processes | 274
Part Condition L* a* b*
Before Cleaning 17,56 0,12 -0,28
Dry Cloth 17,66 0,13 0,33
Headliner Water-Moistured Cloth 16,03 0,16 0,12
Wet-Wipes 16,43 0,15 0,45
Ethanol 16,24 0,12 -0,18
Before Cleaning 26,08 -0,11 -0,22
Dry Cloth 25,80 -0,05 -0,38
Fog Lamp Housing | Water-Moistured Cloth 23,47 -0,05 -0,37
Wet-Wipes 21,76 -0,03 -0,19
Ethanol 25,64 -0,04 -0,36
Before Cleaning 14,68 -0,18 1,20
Dry Cloth 14,25 -0,16 1,23
Armrest Water-Moistured Cloth 16,87 -0,08 0,05
Wet-Wipes 15,39 -0,11 0,34
Ethanol 14,68 -0,11 0,24
Before Cleaning 25,63 -0,03 -0,49
Dry Cloth 25,13 0 -0,27
Calandra Water-Moistured Cloth 23,89 -0,02 -0,28
Wet-Wipes 22,44 -0,02 -0,28
Ethanol 25,40 -0,06 -0,54

Table 2. Color measurement AE results before and after the cleaning processes

Part Condition AE*
Dry Cloth 0,62

Headliner Water—Moistured Cloth 1,59
Wet-Wipes 1,35

Ethanol 1,32

Dry Cloth 0,33

Fog Lamp Housing Water—Moistured Cloth 2,61
Wet-Wipes 4,32

Ethanol 0,47

Dry Cloth 0,43

Armrest Water—Moistured Cloth 2,48
Wet-Wipes 1,12

Ethanol 0,96

Dry Cloth 0,55

Calandra Water-Moistured Cloth 1,76
Wet-Wipes 3,20

Ethanol 0,24
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3.2 Gloss Measurement Results
Table 3. Gloss measurements results taken by according to 60 degree before and after the cleaning

processes
Part Condition Gloss
Before Cleaning 0,34
Dry Cloth 0,17
Headliner Water-Moistured Cloth 0,34
Wet-Wipes 0,19
Ethanol 0,35
Before Cleaning 2,36
Dry Cloth 3,25
Fog Lamp Housing | Water-Moistured Cloth 2,60
Wet-Wipes 6,98
Ethanol 3,02
Before Cleaning 0,05
Dry Cloth 0,05
Armrest Water-Moistured Cloth 0,09
Wet-Wipes 0,19
Ethanol 0,11
Before Cleaning 4,40
Dry Cloth 4,30
Calandra Water-Moistured Cloth 4,38
Wet-Wipes 5,19
Ethanol 4,35

4. DISCUSSION
4.1 Impacts on the Color Measurements

Most changes on color occured when cleanig with water moistured and wet-wipes methods applied, and
least changes occured when dry-cloth method applied. PC+ABS and PP materials have the most impact
on their color values when the wet-wipes method applied and compared to the other materials according
to the Table 1 and Table 2.

4.2 Impacts on the Gloss Measurements

Most changes on surface gloss values occured when wet-wipes method applied, and least changes
occured when other methods applied. PP material has the most impact on its surface gloss values when
the Wet-wipes method applied and compared to the other materials according to the Table 3.

5. CONCLUSION

In this study, the impact of the four chosen cleaning methods, which are cleaning with a dry-cloth,
cleaning with water-moistured cloth, cleaning with wet-wipes, and using alcohol-based cleaning
solutions, were meant to see and got compare to each other to understand which one of them is the best
method for cleaning the surface of the chosen component before taking a color and gloss measurement
in the automotive industry.

In the scope of color changes after cleaning the surface with the methods selected, Wet wipes method
has the most impact on the color measurement. Dry-cloth and ethanol method is the best way to clean
the surface of the automotive components before taking a color measurement among the other cleaning
methods and chosen materials according to this study.
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Considering gloss changes, the wet-wipes method has the most impact on surface gloss values and is
not suitable for cleaning the surface before gloss measurement. Best method for preparing the surface
for gloss measurement is all the methods except wet-wipes method.

This study gives an idea about how to prepare the materials that are genereally used in automotive
industry to color and gloss measurements. It can be improved in the future studies with the addition of
other types of materials and other types of cleaning methods that are being applied on the material
surface.
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Ozet: Giiniimiiz otomotiv sektériinde, Otomotiv Orijinal Ekipman Ureticileri tarafindan her yil yesil hedefler
paylasiimaktadir. Bu hedeflerin ana kismui diisiik karbon ayak izi hedeflerine ulagsmaktir. Kullanilan stirdiiriilebilir
kaynaklara ek olarak, diisiik karbon ayak izi segilmis siirdiiriilebilir malzemeler tarafindan da saglanmaktadir.
Bir malzeme geri doniistiiriilmiis elyaf ve/veya polimer veya dogal/biyolojik kaynakli elyaf ve/veya polimer
iceriyorsa stirdiiriilebilir olarak kabul edilir. Bu raporda, siirdiiiilebilir malzeme tammi polipropilen malzemeye
katki maddesi olarak eklenen dogal elyaflardan gelmektedir. Bu malzeme, dis kaplamada fosil bazli malzemenin
ozelliklerini yakalamak amaciyla gelistirilmis ve tiim karakteristik ézellikleri incelenmigstir. Bu ozellikler yalnizca
fiziksel degerler olarak degil, ayni zamanda termal degerler olarak da ele alinmis ve yakalanmast hedeflenen fosil
bazli malzeme ile karsilastirmalar yapilmugstir.

Anahtar Kelimeler: Siirdiiriilebilirlik, Yesil Anlagma, Dogal Elyaf, Dis Uygulamalar, Karakterizasyon, Termal
Ozellikler, Fiziksel Ozellikler

Propoerties of Natural Fiber Fiilled Polypropylene Material Developed for Automotive Exterior Parts

Abstract: In today's automotive sector, green targets are shared annually by Automotive Original Equipment
Manufacturers. The main part of these targets is to achieve low carbon footprint targets. In addition to the
sustainable resources used, low carbon footprint is also provided by selected green materials. If a material has
recycled fiber and/or polymer or natural/bio sourced fiber and/or polymer, this material is considered green. In
this report, the definition of green material comes from natural fibers added to polypropylene material as an
additive. This material was developed with the aim of capturing the properties of fossil base material in the exterior
trim, and all its characteristic features were examined. These features were considered not only as physical values
but also as thermal values, and comparisons were made with the fossil base material targeted to be captured.

Keywords: Sustainability, Green Deal, Natural Fiber, Exterior Applications, Characterization, Thermal
Properties, Physical Properties

1. INTRODUCTION

In today's automotive sector, as in many sectors, there are green targets. Recently, many OEMs,
Automotive Original Equipment Manufacturers, have been publishing their own commitments. Based
on these publications, in the sector, not only values such as production and transportation but also
material values are included in the evaluation. When the subject is considered on a material basis, many
sub-details come together. However, the content of the material comes to the fore. If a material contains
recycled fiber and/or polymer or natural/biologically sourced fiber and/or polymer, this material is
considered green. [1][2]

While the use of fossil-based, non-green materials lowers OEMS' green targets, achieving these targets
is supported with green materials. In this regard, development studies aimed at catching up with fossil-
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based materials continue both in interior and exterior trim materials. In this paper, natural fiber filled
polypropylene material, which is intended to be used in exterior trim and as an alternative to fossil-based
polypropylene reference PP material, was investigated in terms of mechanical, thermal and physical
properties and compared with fossil-based material. [3] [4]

2. MEASUREMENTS and EVALUATIONS
2.1 Measurements:

All tests in this study were performed according to ISO specifications with 10% natural fiber filled
polypropylene samples.

2.1.1 Specific Gravity:

To measure the specific gravity of the material, specific device - Cubis Sartorius density meter - was
used. The test was conducted according to ISO 1833 at room temperature with several PP material
samples which were filled with 10% natural fiber, see table 1.

TABLE 1
Test Condition Standard UNIT | Result
Specific Gravity Room Temperature ISO 1833 glcm® 0,93

2.1.2 Tensile:

Tensile tests were carried out with 50mm/min speed rate at room temperature on Zwick tensile testing
device according to ISO 527. See figure 1.
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—
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Figure 1: Tensile graph of PP with natural fiber

2.1.3  Flextural Strength

Flextural tests were carried out with 2mm/min speed rate at room and 30° C temperatures according to
ISO 178. For -30°C samples were pre-conditioned at -30° C in a special temperature chamber. See figure
2.
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Figure 2: Flextural graph of PP with natural fiber
2.1.4 Izod Impact Strength:

Izod Impact tests were performed according to 1ISO 180/A, with 2mm notched samples at room and -

30° C. For the -30° C testing, all notched samples pre-conditioned at -30° C in a special temperature
chamber. See table 2.

TABLE 2
Test Condition Standard UNIT Result
Room Temperature 20
Hudlet P ISO 180/A |  k/m?
Strength at -30°C 6

2.1.5 Heat Deflection (HDT) and VICAT Softening:

Heat deflection temperature tests were carried out with Zwick/Roell HDT device according to ISO75-
2, with 1.80MPa and samples were placed on edgewise. Also Vicat softening test was performed with
same device according to 1ISO306/B50 with 5daN. See table 3 and 4.

TABLE 3
Test Condition Standard UNIT Result
HDT 1,8MPa ISO 75-2 C 54
TABLE 4
Test Condition Standard UNIT Result
ISO
VICAT 5daN 306/B50 C 62
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2.2 Evaluations:

As can be seen from the comparison table below (see table 5), the natural fibre filled material matches
the fossil-based reference material in many respects. However, the 1zod impact values and tensile
elongation values do not match the values of the fossil-based material and remain below. Beside these
three properties, all other test results seem to reach the reference fossil base properties.

| 280
TABLE 5
PP with
. 10%
Test Condition Standard UNIT | Reference*
natural
fibre
Specific 3
Gravity Room Temperature ISO 1833 g/lcm 0,95 0,93
Tensile
Strength Room Temperature MPa 16 18
Tensile ISO 527
Elongation at Room Temperature % 40 20
Break
Room Temperature 20 32
FEUE F 1SO 178 MPa
Strength at-30°C 50 90
Room Temperature 38 20
Izod Impgy P ISO180/A |  ki/m?
Strength at -30°C 13 6
HDT 1,8MPa ISO 75-2 C 48 54
VICAT 5daN ISO 306/B50 C 49 62

*: 10% mineral filled fossil based PP.

3. CONCLUSION

In this paper, it was investigated whether 10% natural fibre filled material meets the thermal and physical
properties of fossil-based material. Although some decreases were observed based on the results, data
were obtained that natural fibre materials can meet fossil-based materials in terms of thermal and
physical properties with the development studies. Further activity is targeted on developing aesthetic
properties and impact values of the PP with natural fibres according to exterior aesthetic mold in colour
specific parts. Developing these properties will provide advantages in terms of widespread use of the
material and advancing the green targets targeted by OEMs on a part basis.
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Altigen Chiral Auxetic Kafes Merkez Katmanh Sandvi¢ Plakanin Sicakhiga Bagh
Mekanik ve Termal Malzeme Ozelliklerinin Teorik Arastirmasi
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Ozet: Bu ¢alisma, altigen chiral auxetic kafes merkez katmanindan olusan bir sandvi¢ plaka yapisinin mekanik ve
termal ozelliklerinin teorik bir incelemesini rapor etmektedir. Chiral kafes katman, iki izotropik yiizey plakasi
arasia sandvi¢ edilmigtir. Chiral kafes merkez plakasimin ve yiizey plakalarinin malzemesi nikel olarak
tammlanmustir. Sicakliga baglh malzeme ozellikleri, hassas simiilasyon sonuglart elde etmek icin ¢ok énemlidir.
Bu nedenle nikelin malzeme ozelliklerinin sicaklikla degistigi kabul edilmistir. Termal etkileri ayrintili olarak
incelemek i¢in, sandvi¢ plakann iist ve alt yiizeylerinden genis bir aralikta sicaklik yiikii uygulanmistir. Sandvig
altigen chiral kafes plakanin elastisite modiilii, Poisson orani, yogunluk, termal genlesme katsayisi ve termal
iletkenlik katsayisi gibi termal ve mekanik ozellikleri, chiral kafes plaka yapisinin geometrik parametreleri ve
sicaklik etkisi ile arastirilmistir. Analizlerden elde edilen verilere gore sandvi¢ yapimin termal ve mekanik
ozelliklerinin chiral kafesin geometrik parametrelerinden ve sicakliktan énemli olgiide etkilendigi, ayrica
uygulama alamina gore bu parametrelerle istenilen mekanik ve termal ozelliklere sahip sandvi¢ yapilarin
tasarlanabilecegi tespit edilmisgtir.

Anahtar Kelimeler: Auxetic; Altigen Chiral Kafes; Sandvi¢ Plaka, Nikel; Sicaklik Yiikii

Theoretical Research of Temperature-Dependent Mechanical and Thermal Material Properties of Hexagonal
Chiral Auxetic Lattice Core Layered Sandwich Plate

Abstract: This study reports a theoretical investigation of the mechanical and thermal properties of a sandwich
plate structure composed of a hexagonal chiral auxetic lattice core. The chiral lattice core is sandwiched between
two isotropic surface plates. The material of the chiral lattice core plate and the surface plates is identified as
nickel. Temperature-dependent material properties are essential for achieving precise simulation results.
Therefore, the material properties of nickel are accepted to vary with temperature. In order to examine the thermal
effects in detail, a large range of temperature load is applied from the top and bottom surfaces of the sandwich
plate. The thermal and mechanical properties of the sandwich hexagonal chiral lattice plate such as modulus of
elasticity, Poisson's ratio, density, coefficient of thermal expansion and coefficient of thermal conductivity are
investigated with the geometrical parameters of the lattice core structure and the temperature effect. According
to the data obtained from the analyses, it has been determined that the thermal and mechanical properties of the
sandwich structure are significantly affected by the geometric parameters of the chiral lattice and temperature,
and also that sandwich structures with desired mechanical and thermal properties can be designed with these
parameters according to the application area.

Keywords: Auxetic; Hexagonal Chiral Lattice; Sandwich Plate; Nickel; Temperature Load

1. INTRODUCTION

Auxetic lattice structures, known for their negative Poisson's ratio, provide unique mechanical and
thermal properties that enhance their applicability across various fields, including mechanical,
biomedical and aerospace engineering. The negative Poisson's ratio of auxetic materials means that these
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structures expand laterally when stretched and contract laterally when compressed. This behavior
contributes to improved energy absorption and enhanced impact resistance compared to traditional
materials, making them particularly valuable in lightweight, high-strength applications, such as
protective gear and structural components. The effectiveness of auxetic structures in energy absorption
is supported by several studies. Zhang et al. demonstrated that using auxetic lattices in footwear
significantly increases the contact area with the ground, thereby improving comfort and reducing plantar
pressure during ambulation, which is crucial for maintaining foot health (J. Zhang et al., 2024). In
addition, Chen et al. (2023) emphasized the innovative use of auxetic composites in protective helmets,
which exhibit exceptional energy absorption characteristics that help mitigate the risk of traumatic brain
injuries. The re-entrant lattice, a specific configuration of auxetic structures, has been shown to
effectively cushion impacts, surpassing the performance of traditional protective materials (M. Zhang
et al., 2024).

Further investigations reveal the remarkable mechanical behavior of auxetic lattices under various
loading conditions. Albertini et al. (2019) reported anisotropic effects of auxetic structures under
compressive loading, where they exhibit a high relative shear modulus compared to conventional lattice
materials. This property enhances their suitability as core materials in sandwich structures designed
primarily for shear loading scenarios, improving structural engineering applications (Cheng et al., 2019).
The integration of auxetic materials into sandwich beams has been shown to reduce stress concentrations
and improve energy dissipation under load, crucial for crashworthiness in automotive applications (Usta
et al., 2019). Thermal properties are another critical aspect of auxetic structures. Bronder et al. (2022)
illustrated that these materials exhibit enhanced thermal shock resistance and higher fracture toughness,
largely due to their unique geometrical configurations. The intricate connectivity in auxetic lattices,
specifically chiral geometries, allows for improved thermal stability while maintaining lightweight
characteristics desirable in aerospace and automotive sectors (Vasiliev & Pavlov, 2020). Structures
made from polymeric and composite materials demonstrate promising thermal performance metrics
without sacrificing mechanical integrity, enabling their application in environments subject to extreme
thermal variations.

Research into the dynamic mechanical properties of auxetic lattices further supports their versatility.
Hedayati et al. (2024) highlighted that auxetic structures not only perform well under static loading but
also demonstrate remarkable resilience during dynamic loading events, vital for applications in sports
and protective equipment. Furthermore, Tashkinov et al. (2023) explored the incorporation of fillers and
reinforcements in auxetic lattices, which can enhance mechanical robustness while maintaining unique
deformation characteristics. Xue et al. (2019) have studied aluminum-based auxetic lattice structures
filled with polymers, which exhibited improved compressive mechanical properties, making them
suitable candidates for high-performance engineering applications. Ongoing research aims to optimize
the mechanical and thermal properties of auxetic lattices through innovative design and material
configurations. The use of computational modeling and machine learning techniques can expedite the
identification of optimal geometrical parameters for auxetic units, enhancing performance under specific
conditions (Ullah et al., 2023). Additionally, recent advancements in additive manufacturing techniques
allow for the precise fabrication of complex auxetic geometries, broadening their range of applications
(Joseph et al., 2021).

The study of hexagonal chiral lattice beams and plates encompasses significant interest in their thermal
and mechanical properties, owing to the intrinsic characteristics that arise from their geometric and
topological configurations. Chiral materials exhibit unique behaviors, especially concerning elasticity,
which is fundamentally tied to their lattice structures and interactions. In examining the mechanical
response of hexagonal chiral lattices, studies have reported significant structural resilience, even under
extreme conditions. For example, researchers observed that hybrid polyurethane foam-filled hyperbolic
chiral lattice metamaterials exhibit remarkable compressive strength without sacrificing the material's
ability to deform under stress (He et al., 2023). The dynamic behaviors exhibited by these lattices
underline the importance of structural design in achieving desirable mechanical outcomes. The
realization that a lattice’s geometric configuration influences its response under mechanical loads
supports a growing interest in employing such materials in the design of protective gear, biomedical
implants, and other load-bearing applications.
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Auxetic structures are a subject of continuous research as they are lightweight due to their porous
structure, have good strength properties, and have excellent impact damping resistance due to their
negative Poisson ratio. The design of new auxetic structures is in progress to model structures with
optimum properties both mechanically and thermally. Here, one of the most important parameters is the
design of lightweight structures without sacrificing stiffness and impact damping capabilities.
Experimental and theoretical studies are required to investigate the mechanical and thermal properties
of these designs. Experimental methods are a challenging process involving design, fabrication, testing,
analysis, and assessment. In addition, the development of a mathematical model by obtaining equations
expressing the theoretical mechanical and thermal properties of auxetic structures containing very
complex geometries is a process that requires a theoretical background. Temperature fluctuations and
thermal shocks significantly affect the material behavior of especially lightweight structures. In highly
engineered land, sea, air and spacecraft applications, it is important to consider each environmental
parameter. In this study, the variation of the mechanical and thermal parameters of a sandwich plate
with a chiral lattice core layer with the geometric variables of the chiral structure and temperature
loading is investigated. Through the analysis, some results on the variation of parameters such as
modulus of elasticity, density, Poisson's ratio, coefficient of thermal expansion and coefficient of
thermal conductivity are presented. The study is expected to contribute to the related literature in the
theoretical aspect.

2. THEORETICAL FRAMEWORK

The structure presented in the study consists of a hexagonal auxetic chiral lattice core plate sandwiched
between two isotropic plates as shown in Figure 1. Here, h,, denotes the thickness of the surface plates,
while hy denotes the thickness of the core plate. The bottom surface of the sandwich plate is denoted by
—hgy/2 — h,, with reference to the neutral axis of the sandwich plate, while the top surface is denoted
by hg/2 + h,,. The material of both the core plate and the surface plates is nickel. As depicted in Figure
2, the hexagonal chiral lattice layer geometry consists of circles of radius r and tangential ribs of length
L connecting these circles. The distance between two circles is denoted by R, while the angle between
the line connecting the circles and the ribs is denoted by . Furthermore, the thickness of the circles is
represented by t. and the thickness of the ribs by t,.

Nickel Face Plate

Auxetic Chiral Lattice Core Plate

Nickel Face Plate

Figure 1. Illustration of a sandwich plate with a hexagonal chiral lattice core.
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Figure 2. The structure of a hexagonal chiral lattice.

The constitutive laws of the hexagonal chiral lattice core plate can be written as follows (Spadoni &

Ruzzene, 2012):

o1y [P Dz 0 0 0 07 &1y
|922| D21 Dz 0 0 0 0 ||é&2]
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The elastic constants in Equation (1) can be calculated as follows:
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Dss = Dgg = (3L%tan? B + 4t?) (7)

Relative density of hexachiral auxetic lattice can be written as:

pe 2V3Q2mrt, +3Lt,) g

where p, and p,,, refer to the equivalent density of the lattice and the density of the material, respectively.
The modulus of elasticity and Poisson's ratio can be determined using the assumption of plane
deformations in classical elasticity as follows (Spadoni & Ruzzene, 2012):

o 43E4[1 + .(t/L)Z] (5)3 ©)
[2(t/L)*cos? B + 2sin? B + 6(t/L)?] \L

- 4(t/L7 .
V= (/L) cos? B + 1 — cos? B + 3(¢/L)2

(10)

where E = (DZ, — D%,)/Dy; and v, = D;,/Dy;. Through the utilization of strain relations, it is
possible to compute the thermal expansion coefficient of the hexachiral lattice in the following manner
(Prall & Lakes, 1997):

r

a1 = 2 11
<4R0 /1+(Tr)2) (an

in which

LA+ ay)
(4arccos(

Ro = T (12)

%as)l 0

The temperature dependent mechanical and thermal properties of FGM plate components are obtained
by Equation 5 (Reddy & Chin, 1998; Touloukian, 1967).

P =Py(P_.T"'+1+P,T +P,T? + P;T?) (13)

Parameters relevant to the material characteristics of nickel that are dependent upon temperature include
Py, P_1, P;, P, and P;. The temperature of a sandwich plate, which is initially at a reference temperature
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Ty, is gradually increased until it reaches a final value T. The change in temperature is denoted by the
equation AT =T — T,. The temperature-dependent mechanical and thermal properties of nickel are

given in Table 1.
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Table 1. Temperature-dependent material properties (Reddy & Chin, 1998).

Material Properties P_, P, P, P, P3
Nickel E (Pa) 0 223.95x10° —2.794x10"* 3.998x107° 0
v 0 0.31 0 0 0
a (1K™1) 0 9.9209x10°® 8.7050x10~* 0 0

kK (W/mK) 0 58.754 —4.614x107* 6.670x1077 —1.523x1071°
p (kg/m3) 0 8908 0 0 0

3. RESULTS AND DISCUSSIONS

In this section, the effect of hexagonal chiral lattice structure geometry and temperature increase on the
mechanical and thermal properties of the presented sandwich plate is investigated. In the study, t/R is
defined as the thickness ratio and L/R is defined as the length ratio. In addition, for convenience, the
length ratio is symbolized as 4=L/R and the thickness ratio is symbolized as Q=¢R. The dimensions of
the plate are a=0.6 m, b=a, h=a/10, hy=0.7h, hy=0.15h, distance between lattice circles R=0.05hg, radius
of the circles r=3t. In the analysis, the temperature increase (AT) is applied in the range of 0-1500 K. In

each analysis, 4=0.7 for Figure b and £2=0.03 for Figure c are taken as constant values.
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Figure 3. Variation of modulus of elasticity with respect to A, Q and AT.
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Figure 3 shows the variation of the modulus of elasticity of the chiral plate with respect to 4, 2 and AT.
As shown in Figure 3a, the modulus of elasticity values decrease with increasing 4. When the modulus
of elasticity values are compared from the graph for Q=0.03, it is obtained that the E value is 5.22x10°
Pa for 4=0.5, 2.94x10° Pa for 4=0.7 and 1.90x10° Pa for 4=0.5. In other words, the decrease between
the highest value and the lowest value is determined to be approximately 63.60%. As shown in Figure
3b, an increase in the modulus of elasticity values is observed with increasing Q. At AT=500 K, the
modulus of elasticity values for ©=0.01 and 2=0.05 are 3.51x10’ Pa and 5.99x10° Pa, respectively. In
addition, as observed from the figure, E values decrease significantly with increasing temperature. This
decrease is found to be approximately 44.38% in the 2=0.05 curve in the AT =0 K-1500 K range. The
effect of 4 and AT on the modulus of elasticity is shown more clearly in Figure 3c. At AT=500 K, the
modulus of elasticity values for 4 =0.9 and 4=0.5 are obtained as 1.61x10°® Pa and 4.44x10° Pa,
respectively. That is, there is a 63.73% increase between the highest and lowest values of 4.
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Figure 4. Variation of Poisson’s ratio with respect to A, Q and AT.

Figure 4 illustrates the variation of Poisson's ratio values of the chiral plate with respect to A, Q and AT.
As indicated in Figure 4a, Poisson’s ratio values increase with increasing 4. When the v values are
compared from the figure for £2=0.03, -0.885 value for 41=0.5, -0.891 value for 4=0.7 and -0.893 value
for A=0.9 are obtained. As presented in Figure 4b, a decrease in Poisson's ratio values is observed with
increasing Q. At AT =500 K, Poisson’s ratio values for £2=0.01 and ©=0.05 are -0.896 and -0.880,
respectively. In addition, as shown in the figure, there is no change in v values with increasing
temperature value. The reason for this is that Poisson’s ratio values of nickel do not change with
temperature for this study as given in Table 1. The effect of 4 on the Poisson's ratio is depicted more
clearly in Figure 4c. At AT=500 K, Poisson’s ratio values for 4 =0.9 and 4 =0.5 are -0.893 and -0.885,
respectively.
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The change in the density values of the hexagonal chiral lattice plate according to A, 2 and AT is depicted
in Figure 5. As demonstrated in Figure 5a, the density values of the plate increase with increasing 4.
When p values are evaluated from the figure for ©=0.03, density values of 636.8 kg/m* for 4=0.5,
821.783 kg/m? for 4=0.7 and 1006.77 kg/m® for 4=0.9 are obtained. In other words, the increase in
density value for 41=0.5 and 4=0.9 values are found to be approximately 58.09%. As shown in Figure
5b, the density values increase significantly with increasing Q. For AT=500 K, the density values for
©=0.01 and ©=0.05 are 235.85 kg/m? and 1563.35 kg/m?, respectively. For these values, an increase of
approximately 562.58% is observed. In addition, as observed from the figure, there is no change in p
values with rising temperature value. The explanation for this is that the p values of nickel do not change
with temperature for this study as given in Table 1.
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Figure 5. Variation of density with respect to A, Q and AT.

The variation of the thermal expansion coefficient of a hexagonal chiral lattice plate according to the
parameters 4, Q and AT is depicted in Figure 6. As shown in the figure, the coefficient of thermal
expansion decreases with an increasing length ratio. For a constant value of thickness ratio of 0.03, the
maximum and minimum values of the coefficient of thermal expansion are 8.4x10* 1/K and 4.9x10*
1/K, respectively. It is also observed that the coefficient of thermal expansion is less affected by A at
small values of Q but more affected at higher values of Q. Figure 6b shows that the coefficient of thermal
expansion increases with both Q and AT. At constant AT=500 K, when the thermal expansion
coefficients for the maximum and minimum values of Q are examined, it is found that the maximum
value is 11.57x10* 1/K and the minimum value is 2.47x10* 1/K. When the thermal expansion
coefficients for the maximum and minimum values of Q at constant AT=500 K are analyzed, it is found
that the maximum value is 11.57x10* 1/K and the minimum value is 2.47x10* 1/K. From Figure 6¢, it
is determined that the maximum and minimum values of the thermal expansion coefficients at constant
AT=500 K are 9.82 x10* 1/K and 5.68x10™ 1/K, respectively.
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Figure 6. Variation of thermal expansion coefficient with respect to A, Q and AT.

Figure 7 displays the behavior of the thermal conductivity coefficient of the chiral lattice plate with
respect to the parameters 4, Q and AT. As plotted in Figure 7a, the thermal conductivity coefficient
decreases significantly with increasing 4. For a constant value of thickness ratio of 0.03, the maximum
and minimum values of the thermal conductivity coefficient are 4.79x10° W/mK and 2.77x10° W/mK,
respectively. It is also found that the thermal conductivity coefficient is less influenced by 4 at small
values of Q, but it is more influenced at large values of Q. As shown in Figure 6b, the thermal
conductivity coefficient increases with increasing 2 and decreases nonlinearly with increasing AT.
When the thermal conductivity coefficients are analyzed for the maximum and minimum values of 2 at
constant AT=500 K, the maximum value is 5.2x10° W/mK and the minimum value is 1.13x10° W/mK.
From Figure 6c¢, the maximum and minimum values of the thermal expansion coefficients at constant
AT=500 K are 4.49 x10° W/mK and 2.60x10° W/mK, respectively.

%107 %1073

—=0.01 —=0.04
6 —2=0.02 — 2=0.05}

2=0.03
5t ]
E 4 \
S
©

2——\

"

—A=0.5 —A=0.7 A=0.9

0.01 0.02 0.03 0.04 0.05 0 500 1000 1500

a) b)



(7 22" UBAK, 08 - 09 March 2025, Ankara (<~

UBAK UBAK
x1073 ‘
—A=0.5 — A=0.8
451 —A=0.6 A=0.9}
A=0.7
2 \
1.5 '
0 500 1000 1500
AT
¢)

Figure 7. Variation of thermal conductivity coefficient with respect to A, Q and AT.

4. CONCLUSIONS

The aim of this study is to establish a theoretical model in which the mechanical and thermal properties
of hexagonal chiral lattice structures can be examined with parameters such as length ratio, thickness
ratio and temperature increase. Since auxetic structures have a porous structure, they can be significantly
affected by thermal fluctuations according to their application areas. For this reason, the temperature-
dependent properties of the specified nickel material are taken into account and included in the
calculations. The thermal and mechanical properties of the sandwich hexagonal chiral lattice plate such
as modulus of elasticity, Poisson's ratio, density, coefficient of thermal expansion and coefficient of
thermal conductivity are investigated with the geometrical parameters of the chiral lattice plate structure
and temperature effect. According to the analysis, some findings are obtained. It is revealed that the
modulus of elasticity decreases with increasing length ratio 4, increases significantly with increasing
thickness ratio  and decreases significantly with increasing AT. Poisson’s ratio of the plate is found to
increase with increasing 4 but decreases with increasing thickness ratio Q. Density values are found to
increase both with increasing 4 and with increasing Q. The coefficient of thermal expansion of the plate
increases with increasing £ and AT, but decreases with increasing 4. In addition, the thermal
conductivity coefficient increases with increasing 4 and AT, but decreases significantly with increasing
Q. It is expected that the obtained analysis results and the method followed will contribute to the
theoretical investigation of thermal and mechanical properties of auxetic structures.
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Ozet: Otomotiv sektoriinde miisteri algist sadece dokunma ile degil gorsellikle de yakalamr. Bu gorseller
parcalarin renklerinden, boyalarindan ve parlakhigindan etkilenir. Ozellikle i¢ trim parcalarinda miisteri
algisinda uyum icin bu gérseller biiyiik dnem taswr. Bu uyum sadece bu degerlerle degil ayni zamanda
malzemelerle de yakalanmalidir. Her malzemenin hem malzeme hem de gorsellik agisindan tek bir ¢ati altinda bir
araya gelmesi her zaman kolay degildir. Ancak bazi durumlarda bu hedefe ozel kosullarla ulasilabilir. Bu kati
kosullar, ¢izilme anlaminda malzeme performanslarint da sumirlayabiliv. Bu ¢alisma, farkl parlaklik seviyelerinin
otomotiv bilesenlerinin ¢izilme direnci tizerindeki etkisini arastirmaktadir. Bu ¢alismada, boya reddi olan bir
bilesen i¢in alternatif bir ¢oziim olarak lazer tanecigi degerlendirilmistir. Aracin ¢ok gériiniir bélgelerinde
kullanilacak lazer dokusunun fiziksel performansint degerlendirmek ¢ok onemlidir. Deneysel analiz, c¢izik
testinden dnce ve sonra olgiilen bilesenlerin degisen parlaklik seviyeleri kullanilarak gergeklestirilmistir.

Anahtar Kelimeler: Cizilme Performansi, Lazer Desen, Parlaklik, Renk, Plastik Alagimlari, Polikarbonat,
Akrilonitril Biitadien Stiren, Boya Giderme,

Laser Grain Plastic Alloy With Different Gloss Values Scratch Performance

Abstract: In the automotive industry, customer perception is captured not only by touch but also by visuality. These
visuals are affected by the colors, paints and gloss of the parts. Especially, these visuals are of great importance
for harmonization in customer perception, especially in interior trim parts. This harmonization should be captured
not only with these values but also with materials. It is not always easy for every material to come together under
one roof for both material and visuality. But in some cases, this target can be achieved with special conditions.
These strict conditions may also limit the material performances in meaning of scratch. This study investigates the
impact of different gloss levels on the scratch resistance of automotive components. In this study, a laser grain
was evaluated as an alternative solution for a component with paint rejection. It is crucial to evaluate the physical
performance of the laser texture to be used in highly visible areas of the vehicle. Experimental analysis was
conducted using with varying gloss levels of components were measured before and after the scratch test.

Keywords: Color and Finish, Scratch Performance, Laser Grain, Gloss, Color, Plastic Alloys, Polycarbonate,
Acrylonitrile Butadiene Styrene, Paint Elimination,

1. INTRODUCTION

Design criteria, material, color, and gloss are fundamental factors that significantly influence the
customers in the automotive industry. Paint rejection is preferred for many interior trim components,
and textures are used instead of paint application since paint increases the cost of the parts nowadays.
Therefore, grained parts play a significant role in many areas of interior trim. Especially, laser grain is
a very popular choice in the style side of brands, as it gives the appearance of paint and it has crucial
feature in the high traffic area chiefly in automaobiles. Usage of these materials is mostly in the
automotive design areas such as IP cluster, central console, instrument panel, etc. Their aesthetics and
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perception impacts are of great importance in the inside area. This experiment was conducted to examine
the impact of different gloss levels on the scratch resistance of automotive components.

2. MATERIAL AND METHOD
2.1.1. Material Selection

Many different polymer materials are used in the automotive sector. These polymer materials can be
filled, unfilled or alloyed depending on the physical, thermal and aesthetic properties that the part they
will be used in must meet. The material discussed and examined in this paper is a plastic alloy. This
alloy is obtained by compounding two main polymer materials together in an appropriate manner. The
mentioned material can be used in painted parts as well as molded in colour. This material, designed to
be used for paint elimination, is a mixture of polycarbonate and acrylonitrile butadiene styrene
materials, PC/ABS.

2.1.2. Definition of Gloss Unit

Gloss means light reflection on the surface. It specifies how shiny or matte a plate surface is. If the
surface is shinier, it demonstrates a high gloss value, while a low gloss value indicates that the
component is more matte. Texture depth and surface structure are key factors and they affect the gloss
results. Gloss level is a fundamental element due to the evaluation of colour and material surface
analysis.

Flat surface is more significant for accurate gloss measurement. Texture depth and surface structure are
critic agents on variances of gloss level, as the texture depth can increase or decrease the impact of
colour and perceived gloss. A smooth surface increases gloss level as this feature causes light to reflect
directly. If the angles of the incoming rays match the angle of reflection, rays hitting the surface parallel
to each other will reflect in parallel as well. A rougher surface reduces light refraction and makes it more
irregular and diffusing. It means negatively affecting the gloss variation [1].

2.1.3. Definition of Laser Engraving

Laser engraving is the process of applying textures to the materials. The laser beam enables the
processing of perfect, good quality, and detailed grains. This technology can process textures much
faster than chemical engraving methods. Laser texturing provides numerous features, such as multiple
gloss levels, haptic touch features, the elimination of paint, and optimized scratch performance. Laser
engraving is commonly used in interior design especially. The laser beam is used to engrave the grain
on the specified area. The laser burns the surface of the material and applies the desired texture. This is
particularly important for textures that require complex design.

2.1.4. Gloss Measurement Devices

The most commonly used device is the Erichsen Picogloss 560 MC, and measurements can be taken at
either 20, 60 or 85 degrees. High gloss measurements are taken at 20 degrees, medium gloss at 60
degrees, and low gloss at 85 degrees as well. 60 degrees is typically used for grained plastic
components.

Figure 1. Erichsen Picogloss 560 MC Gloss Measurement Device [2]
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2.1.5. Scratch Resistance Test Device:

For the scratch resistance test, the Erichsen 430 P-1 device [Figure 2] is used. Testing can be
performed with this device under different loads with different apparatus. In this paper, a 5N load was
used during the test.
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Figure 2. Erichsen Scratch Hardness Tester 430 P [3]

3. MEASUREMENTS:

Scratch resistance test was performed to determine the scratch performance of the different glossed
molded — in- colour PC/ABS Materials. For the evaluations of the results glosses of the samples
measured before and after test. All scratch tests were performed with 5N load with Erichsen Scratch
Hardness Tester. All measurements and evaluations were indicated in next paragraphs.

Tests were performed on 1 main sample containing 6 different gloss values. The plate was divided into
3 main regions according to gloss levels, which are, low gloss area - LG, medium gloss region — MG,
and finally high gloss region - HG[Figure 3]. Gloss measurements were made for all regions before and
after the test, see table 1.

Figure 3. Main Sample with 3 different gloss zones and 6 different gloss values
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Measured Gloss Values (Unit: Gloss Unit - GU)
Regions | Before Test | After Test | Delta Gloss
LG-1 2,65 3,49 0,84
LG-2 1,88 3,18 1,3
MG - 1 2,93 3,63 0,7 | 295
MG -2 2,21 3,21 1
HG -1 2,95 3,38 0,43
HG -2 2,52 3,49 0,97

Table 1. All regions’ before and after gloss values

4. CONCLUSION

The materials to be used must have scratch resistance at the levels determined by the automotive interior
aesthetic part requirements. This scratch resistance varies depending on the material itself, its additives,
the main polymer colour and gloss. In this report, it was observed that the scratch resistances of PC/ABS
materials with the same main polymer, but different glosses also differ. After the scratch resistance test,
the obtained gloss value should be within the tolerance range of the interior trim according to the
specification. Plates that provide the required values are allowed for use in the interior side of the
vehicle. Laser grain is mostly used for paint elimination in interior design since laser texturing provides
several gloss levels, haptic touch properties, and optimized scratch performance.
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Ruh Saghgi ve Hastahklar1 Hastanelerinde lIyilestirici Bahce Tasarimlarinin Onem ve
Gerekliligi
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Ozet: Iyilestirici bahgeler, tarih boyunca farkh kiiltiirlerde benzer érneklerine rastlanan tematik bahgelerdir.
Temel tasarim ilkeleri yéoniinden doga ile insanlarin etkilesimini ve bagini giiclendirmeyi amaglamast nedeniyle
biyofilik tasarim anlayisina benzer bir yaklasimdir. En temel ifadeyle, hedef bir kitlenin iyi olma halini énceleyen
iyilestirici bahgeler; fiziksel, zihinsel ve/veya psikolojik gereksinimlere yonelik tasarlanabilir. Ruh saglhgina iligkin
sorunlar yasayan kigilerin, tibbi ve/veya psikolojik destek gerektiren bu sorunlar ile basa ¢kma siirecinde fiziksel
araglarin etkinligi de kamitlanan gercekliktedir. Bu hasta grubunun gereksinim duyduklar: motivasyon, tedavi
stireglerini ve genel yasam kalitelerini iyilestirebilmeyi destekleyecektir. Ruhsal hastaliklarin, kiginin duygusal,
psikolojik ve Sosyal durumu iizerinde aktor niteligi tasimasi nedeniyle, bu hasta grubunun motivasyonel
gereksinimleri de spesifik bir yaklagimla ele almmalidir. Doga ile i¢ i¢e olma hissinin desteklenmesi, séz konusu
tedavi stireglerine yardimci bir motivasyon araci olarak diisiiniilebilir. Bahge ortanmunin, dogal 151k, kirlilikten
uzak kaliteli hava kosullari, bitkisel material, dogal yapr materyalleri vb. unsurlara yer vererek tasarlanmasi ile
bu amag saglanabilir. Bu ¢alismada, arastirma alant olarak Adana Dr. Ekrem Tok Ruh Saghgi ve Hastaliklar
Hastanesi se¢ilmistir. Calisma, hastane biinyesinde yer alacak bir iyilestirici bahge varliginin hasta, hasta yakini
va da saglik ¢alisanlar tizerindeki olumlu etkisinden yola ¢ikarak hazirlanmistir. Hedef kitle ozelinde belirlenen
tasarim 6lgiitleri ve tasarim siireci hasta gruplarinin iyilesme siireclerinin desteklenmesi, saglk ¢alisanlarinin ise
vasam kalitelerinin ve ¢alisma veriminin artirllmasina yénelik bir arag olarak sunulmaktadir.

Anahtar Kelimeler: Saglik Merkezlerinde Biyofilik Tasarim, Ruh Saghgi Hastalari, Rehabilitasyon Siiregleri,
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The Necessity and Importance of Healing Garden Designs in Psychiatric Hospitals

Abstract: Healing gardens are thematic gardens that have similar forms in different societies all over history. In
terms of fundamental design principles, it is an approach similar to the biophilic design approach as it aims to
reinforce the interaction and relationship between nature and people. Prioritising the well-being of a target group,
healing gardens can be designed for physical, mental and/or psychological needs. The effectiveness of physical
instruments in the process of coping with these problems, which demand medical and/or psychological support, is
a proven factor for people with mental health problems. The motivation needed by this patient group will support
their healing process and improve their overall quality of life. Since mental illnesses are actors on the emotional,
psychological and social status of the person, the motivational needs of this patient group need to be considered
with a specific approach. Supporting the feeling of being surrounded by nature can be considered as a motivational
tool that supports the therapy processes in mentioned one. This purpose can be achieved by designing the garden
atmosphere by including factors such as natural light, quality air conditions away from pollution, plant material,
natural structural materials, etc. In this study, Adana Dr. Ekrem Tok Mental Health and Diseases Hospital was
selected as the research area. The study was prepared based on the positive effect of the existence of a healing
garden within the hospital on patients, their relatives or healthcare staff. The design criteria and design process
determined specifically for the target groups are presented as a means to support the healing processes of patient
groups and to increase the quality of life and working efficiency of healthcare staff.

Keywords: Biophilic Design in Medical Facilities, Psychiatric Patients, Rehabilitation Processes, Tiirkiye
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GIRIS

Iyilestirici bahgeler, bir yaklagim olarak, farkli cografyalarda drnekleri goriilen tematik bahgelerdir.
Kiiltiirlerin tarihsel siiregteki yonelimleri arasinda bahgelerden sifa bulma egilimine rastlanmaktadir.
lyilestirici bahge kavraminin ortaya ¢ikisi ve ilk uygulamalarin gergeklestirilmesinde, doga ile uyum
saglama amaci, bireylerin karsilagtig1 zorlu siireglerin yol agtig1 psikolojik ve mental sorunlarla basa

¢ikma g¢abalarni etkileyen onemli bir faktdr olmustur (McDowell ve McDowell, 1998; Marcus ve
Barnes, 1999; Hickman, 2013; Yalginkaya, 2021; Yalcinkaya, 2024).

Farkli bilimsel arastirmalar gostermektedir ki; dogal ¢evrenin insan saghig iizerindeki olumlu etkileri
¢ok boyutludur; bitki kompozisyonlarmin farkli renk, doku, koku vb. 6zelliklerinin kullanicilar tizerinde
pek cok olumlu etkisi bulunmaktadir. Doga deneyimlerinden edinilen kazanimlar sosyal, fiziksel,
duygusal, entelektiiel, davranigsal, biligsel vb. olmak {izere ¢ok boyutlu bir yapiya sahiptir (Ulrich, 1979;
Uslu ve Shakouri, 2012; Yal¢inkaya, 2021; Harries ve ark., 2024; Kim ve ark., 2024).

Iyilestirici bahgelerle ilgili ilk profesyonel kurulus, 1973 yilinda kurulan Bitki Yetistiriciligi ile Tedavi
ve Rehabilitasyon Ulusal Konseyi’dir. Giiniimiizde Amerikan Bitki Yetistiriciligi Terapisi Dernegi
(American Horticultural Therapy Association - AHTA) adiyla bilinen bu kurulus, iyilestirici bahgeleri
dort temel grupta incelemektedr; (i) meditasyon bahgeleri, (ii) rehabilitasyon bahgeleri, (iii) sosyal
egitim programlaria yonelik bahgeler ve (iv) hasta odakli terapi bahgeleri (Arslan ve Ekren, 2011;
Sogiit ve ark., 2016).

Iyilestirici bahgelerin smiflandiriimas1 yam sira, yiiriitiilen tasarmm siiregleri de olduk¢a 6nemlidir.
Iyilestirici bahgelerin, temel tasarim ilkeleri yoniinden doga ile insanlarin etkilesimini giiglendirmeyi
amaglamasi nedeniyle biyofilik tasarim anlayisina benzer bir yaklasimdir. En temel ifadeyle, hedef bir
kitlenin iyi olma halini Onceleyen iyilestirici bahgeler; fiziksel, zihinsel ve/veya psikolojik
gereksinimlere yonelik tasarlanabilir (Cooper-Marcus, 2005; Sherman ve ark., 2005; Ching Yang, 2010;
Jiang, 2014). Bununla beraber, giiniimiizde, dogrudan iyilestirici bahge olarak tanimlanmasa da birgok
saglik merkezi/hastanenin yapisal dokularina iyilestirici peyzaj tasarimlarinin entegre etmeye baslandigi
goriilmektedir (Momtaz, 2017).

Kullanict gereksinimlerine gore tasarlanan iyilestirici bahgeler, salt fiziksel mekanlar olmanin 6tesinde,
sunduklar terapdtik etkilerle! bireysel ve toplumsal yasam kalitesine dogrudan katkida bulunmay1
hedefler. Estetik, fonksiyonel ve erisilebilir 6zellikleriyle bu bahgeler, kullanim alanlara katki
saglayarak genel iyilik hali ve memnuniyeti artirabilir (Cetinkale Demirkan, 2019).

Kamusal ya da 6zel kullanim alanlarinda farkli hedef kitlelere yonelik gelistirilen iyilestirici bahgeler,
hedef kitle ve tasarim amaci dogrultusunda gecici ya da kalic1 olarak tasarlanabilmektedir. Iyilestirici
bahge uygulamalar1 agirlikli olarak saglik kurum/kuruluslarmin, engelli rehabilitasyon merkezlerinin,
yasli bakim hizmetleri veren merkezlerin vb. blinyesinde yer almaktadir (Yalginkaya, 2024). Calisma
kapsaminda yiiz yiize yiiriitiilen uzman goriismelerinde, doga ile i¢ i¢ce olma hissinin dopamin, serotonin,
oksitosin, kannabinoid, opioid salinimi vb. kaynakl: etkileri olabilmesi nedeniyle, saglik merkezlerine
ait birimlerde yer alan boylesi uygulamalarin, hasta gruplarmin fiziksel ve psikolojik iyi olma halini
destekleyebilecegi bilgisi edinilmistir.

Iyilestirici bahgelerin tasarmm kisitlari, belirlenen hedef kitlenin saglik durumu, sosyoekonomik yapisi,
gereksinimleri, deneyimleri ve beklentileri dogrultusunda sekillenmektedir. Hedef kitleler
cesitlenebilmektedir; ornegin, saglik amaci giiderek belirli saglik birimlerinde tedavi gdren hasta
gruplar1 (ruhsal saglik, obezite, onkoloji, geriatri vb.) ayr1 olarak hedef kitle olarak tanimlanabilecegi
gibi, bir saglik kurumundaki tiim hasta gruplar1 da hedef grup olabilmektedir. Bununla beraber, hastane
bilinyesinde hasta gruplarin yani sira, farkli yapan saglik personellerine yonelik de (6zgiin tasarim

! Terapétik etki, bir tedavi veya miidahalenin, bireylerin fiziksel, psikolojik ya da duygusal sagliklarini
iyilestirme ya da rahatlatma tizerindeki olumlu etkisini ifade eder. Bu kavram, ilaglar, tedavi yontemleri,
terapiler veya ¢evresel faktorler (6rnegin doga, bahgeler) gibi etkenlerin insanlarm sagliklarim
gelistirme ve stresle basa ¢ikmalarma yardimei olma potansiyelini anlatir. Terapdtik etki, bir tedavi
stirecinin, kisilerin hastalik, rahatsizlik veya zorluklarmi hafifletme veya ortadan kaldirma giiciinii
belirtir (Akdogan ve Ceyhan, 2011).
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oOlgiitleri belirlenerek) iyilestirici bahge tasarimi gelistirilebilir.

Saglik merkezi biinyesinde gelistirilen iyilestirici bahge tasarimlarinda, tasarim siirecinin odak noktas,
belirlenen hedef kitleye iliskin yiiriitiilen nitelikli analiz bulgularma dayanir. Bu kapsamda, caligma
alanlarindaki mevcut kosullar, bahgenin erisilebilirligi, kullanicilarin saglik durumlarma ve psikolojik
gereksinimlerine uygun tasarim Ogelerinin oncelikli olarak dikkate alinmasi beklenir. Nitelikli
tasarlanan saglik merkezi bahgeleri, hasta gruplar1 klinik ortamin yarattig1 monoton ve sikici ortamdan
uzaklastirarak, sosyal etkilesime tesvik etmektedir. Bu bahgeler, stres seviyelerini azaltarak, hastalarin
moralini yiikseltmekte ve prikolojik rahatlama hissi saglamaktadir. Boylece, hedef gruplarin tedavi
siireglerinin desteklenmesi ve olumlu yonde etkilenmesi miimkiindiir (Kegecioglu, 2014; Yalginkaya,
2021).

Bu galigma, ruh sagligi hastalarini hedef alan iyilestirici bahge tasarimlarina yonelik temel Glgiitleri ve
calisma metodolojisini belirlemeye yonelik bir arastirmaya dayanmaktadir. Calismada, Adana Dr.
Ekrem Tok Ruh Saglig1 ve Hastaliklar1 Hastanesinde, 2024 yilinda lyilestirici Bahce tasarimina yonelik
yiiriitiilen arastirma bulgularina dayali olarak, ilgili siireglerde izlenmesi Onerilen siire¢ aktarilmigtir.
Calismada, arastirma bulgularina dayali olarak, ruh saghg hasta gruplarmin bulundugu
hastaneler/saglik merkezlerinde tasarlanan iyilestirici bahge tasarimlarini belirleyen tasarim Slgiitleri ve
kisitlarmi, kullanilmasi onerilen dogal ve yapay materyal se¢imini ve yer verilebilecek program
elemanlarini i¢eren 6neri bir yontem sunulmustur.

lyilestirici Bahce Tasarim Olgiitleri ve Kisitlayict Faktirler

Tiim tasarim siireglerinde oldugu gibi, iyilestirici bahge tasarimi da belirli bir matematiksel ve mantiksal
gergeveye dayanir. Bu ¢erceve, hedef kitle ve ¢aligma alaninin dinamiklerine gore sekillenmektedir. Bu
nedenle, iyilestirici bahge tasarimlarinin metodolojisi; (i) hedef kitlenin sosyoekonomik durumu,
gereksinim ve beklentileri, (ii) ¢alisma alaninin lokasyon ozellikleri (dogal ve kiiltiirel) dayali olarak
gelistirilir. Belirlenen hedef kitle dinamikleri ve segilen/segilecek olan calisma alami &zellikleri
tasarimdaki kisitlayict faktorlerin ve Olglitlerin net olarak ortaya konmasina yonelik envanter
sunmaktadir (Yalginkaya, 2024).

Farli calismalar kapsaminda gelistirilmesi gereken 0Ozgiin metodolojilerde, tasarimda kullanilan
matematiksel ilkeler, estetik ve islevsel faktorler arasindaki dengeyi kurma amaciyla siirecin her
asamasinda rol oynamaktadir. Mekandaki alan kullanimlar1 ve program elemanlarinin orani ve dagilima,
miihendislik iglemlerinin takibi (drenaj, egim, yiizey vb. hesaplamalarin yapilmasi), 1s1k-gdlge oraninin
diizenlenmesi, mekandaki yaya dolasim sisteminin hedef kitle ve program elemanlarina gore
belirlenmesi, yapay ve dogal malzemelerin matematiksel modelleme yardimiyla kullanim hacimlerinin
belirlenmesi gibi konular bu kapsamda 6ne ¢ikmaktadir. Ayrica, bitkisel tasarim bagh bagina 6nemli bir
konu olup, siire¢ i¢inde 6zel calisilmalidir. Bitki materyalini iyi taniyarak, fizyolojik 6zelliklerine ve
biyolojik isteklerine hakim olarak gerekir. Mekansal kullanimlar 6zelinde uygun tiire karar verilmesi,
secilen tiirlerin estetik 6zelliklerinden en iist diizeyde yararlanilmasini ve dogru kompozisyonu kurmay1
saglayarak mekanin iglevselligini artiric1 niteliktedir.

Calismada izlenen 6zgiin metodolojiye bagli olarak, farkli analitik araglar ve yontemler kullanilabilir.
Tasarim stratejisinin anahtari, gelistirilen tasarimlarin tasarim gereksinimlerine ve tasarim iiriiniine dair
kurulan iligki biitiinliigiidiir. Stire¢ sonunda 6ngoriilen sonuglara ulasabilmek tasarim stratejisinin dogru
olusturuldugunun bir gostergesidir; belirlenen gereksinimlere uygunluk acisindan 6nemlidir. Alt1
cizilmesi gereken onemli bir husus olarak; iyilestirici bahgelerin, yalnizca gorsel ve estetik degil, ayn1
zamanda sosyal ve psikolojik yonden de yiiksek etkide olmasi beklenir. Segilen materyallerin ve
Ogelerin dogru sekilde entegrasyonu, hedef kitlenin huzurlu ve giivende hissetmesini desteklemelidir.
Tablo 1°de lyilestirici bahgelerin tasarim kisitlarini olusturan fiziksel ve psikolojik kosullar sunulmustur
(Yalginkaya, 2021).
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Tablo 1. lyilestirici bahgelerin tasarim kisitlarini olusturan fiziksel ve psikolojik kosullar (Yalginkaya,
2021)

FiZiKSEL ETKIiLER PSIKOLOJIK ETKIiLER

Zehirli pargalari olan bitki tiirleri Canli ve pastel renk kullanimi (kirmizi, turuncu
vb. renkli ¢igekleri/meyveleri olan bitkiler)

Sivri uglu yapraklara sahip bitki tiirleri

Ar ya da bocekleri ¢eken bitki tiirleri Yapraklari ¢ok bityiik olan bitki tiirleri

Alerjik etki olusturabilen aromatik kokulu bitki tiirleri Yapraklari ¢ok parlak olan tiirler

Isik faktoriiniin 6nemi nedeniyle, segilen alanin,
kentteki farkli kullanimlarin etkisiyle golge ve
yari1 golge bir lokasyona sahip olmamasi gerekir.

Derinlige sahip su 6gesi

Yaz aylar1 golge gereksinimi, uygun bitki tiirii ve
cansiz materyal se¢imi ile saglanabilir.

Diiz olmayan (dogal tag vb. kullanimiyla hazirlanan)
sert dokulu zemin désemesi

Oturma elemanlarinin arkaliksiz ve kolgaksiz olmasi

Erisilebilir diizeydeki cam kullaniminin yer verildigi
tasarim elemanlari

Trafik giriltiisiinin  yogun olarak duyuldugu
bulvar ve genis caddelere yakin olmamalidir.

Biyoklimatik kosullarin g6z ardi edilmesi

Yaralanmaya neden olacak risk teskil eden muhtemel kullanimlar ve

materyallere yer verilmemelidir.
Zinde ve huzurlu hissetmeyi engelleme potansiyeli olan kullanimlar

ve materyallere yer verilmemelidir.

Ruh Saghig Hastalarina Yonelik Iyilestirici Bahce Tasarimi

Bu ¢alismada, Adana Dr. Ekrem Tok Ruh Saghg1 ve Hastaliklar1 Hastanesi’nde 2024 yilinda lyilestirici
Bahge tasarimina yonelik yiriitiilen arastirma bulgularina dayali olarak, ruh sagligi hasta gruplarinin
bulundugu hastaneler/saglik merkezlerinde tasarlanan iyilestirici bahge tasarimlarinda hangi tasarim
olciitleri ve kisitlayici faktorlerine dikkat edilmesi gerektigine iligskin 6neri bir yontem hazirlanmustir.

S6z konusu c¢alisma, toplumsal fayda temelli bir kapsamda yiiriitilmiistiir. Ruh sagligi hastalarmin
iyilestirici bahge tasarimina yonelik gereksinimlerinden yola ¢ikilarak, bu konuda bireysel ve toplumsal
farkindalik olusturulmasi amaglanmustir. Ornek bir uygulama niteligi tasiyan bu ¢alismanin, ayrica,
ilerleyen donelerde farkli ¢caligmalara onciiliik etmesi de amacglanmaktadir. Bu ¢alismanin toplumsal
fayda boyutunun yani sira, 6grenci deneyimi de hedeflenmistir. Bir kurum biinyesinde belirli bir hedef
kitleye yonelik gelistirilen iyilestirici bahge deneyimi kazanmasi amaciyla, 6grencilerin ¢alismanin
belirli asamalarina katihm saglamasi desteklenmistir. Cukurova Universitesi, Mimarlik Fakiiltesi,
Peyzaj Mimarlig1 Béliimii ve I¢ Mimarlik Boliimii 6grencileri, i¢ Mekan Bitkileri ve I¢ Mekanda Peyzaj
dersleri kapsaminda séz konusu calismaya veri toplama, gézlem yapma ve tasarim Onerileri sunma
boyutunda katilim saglamislardir.

Adana Dr. Ekrem Tok Ruh Saglig1 ve Hastaliklar1 Hastanesi i¢in tasarlanan iyilestirici bahge tasarimina
dayanan bu c¢aligmanin hedef kitlesi, hastanenin ruh saglig1 hastalari olarak belirlenmistir. Tasarim
Onerisi olusturulmasi amaciyla vyiiriitilen arastirma dogrultusunda gelistirilen 6zgiin tasarim
metodolojisi 6nerisi Sekil 1’de verilmistir.
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CALISMA ALANI: ADANA DR. EKREM TOK RUH SAGLIGI VE HASTALIKLARI HASTANESI
CALISMA KAPSAMI: iC MEKAN i YILESTIRiCi BAHCE TASARIMI
— |- ETAPI 4 Ruh Sagligi Hastalari |
& HEDEF KiTLENIN
E § BELIRLENMESI | Hastalik turd ‘ [ Hastalik siddeti | [ Sosyoekonomik Yapi | [ Gereksinimler |
T
o g — ETAP 1l "“ Hastane blinyesinde yer alan i¢ mekan niteliginde erisilebilir bir lokasyon |
E gALIssE‘oAIMI I | Biyoklimatik kosullar | | Erisilebilirlik ‘ | Guraltaden uzaklik ]
| Kullanicr kitlesine oranla yeterli biiytklikte olmasi ‘ | ic mekan niteligi tasimast ‘
ETAP IlI — = — -
L. - s - Hastane Bashekimi ve saglik Uygun bitki tarleri secimi, cansiz
E'F, — OL(}UTLERIN"VE K|$|T|-AY|Cl personelleri tarafindan, hedef kitleye materyallerin dogru kullanim, nitelikli
=5 FAKTORLERIN iliskin aktarilan bilgiler mahendislik calismalar, ses ve su
E w BELIiRLENMESI ogesinin kullanim karari vb.
=
g g Biyoklimatik konfor 6ncelikleri
== ETAPIV Yz yuze gorismelerde 5
n - TASARIM GELl_STlRME - AHrlan Soerie Isigghaa Ergonomik ve antropometrik 6lguler
SURECI _temel kullani m|ar? ve Mukavemeti yiksek cam yogun ortam \
niteliklere karar verilmesi Bahcenin dolasiminin desteklenmesi (yaya yolu agi ‘
ve dodru yizey kaplama malzemesi se¢imi
g Engellilere yonelik kullanimlar ‘
5 ETAP V Bitkisel ve yapisal tasarim projesi dogrultusunda, gerekli mihendislik
a - TASARIM UYGULAMA uygulamalari yurtulerek tasarim ¢alismasinin uygulanmasi
> SURECI
=)

Sekil 1. Ruh sagligi hastalarina yonelik iyilestirici bahgelerin tasarim metodolojisi Onerisi

Arastirma kapsaminda, ¢evre dinamiklerinin belirlenmesi amaciyla Etap 1 ve Etap 2 yirttilmiistiir.
Hedef kitle hakkinda bilgi edinmek amaciyla yapilan uzman goriismelerine bu asamada yer verilmistir.
Hastane Bashekimi ve saglik personelleri ile goriismeler yiiriitiilerek, ruh sagligi hastalar1 hakkinda
hastalik tiirline bagli olarak tanimlayici bilgiler ve Oneriler alinmistir. Bu bilgiler kapsaminda, bu
hastaliklarin agirlikli olarak 6miir boyu siirdiigi ve tedavi siireleri ile desteklenerek bu hastalarm
topluma karisir diizeye gelmesinin hedeflendigi ifade edilebilir. Hastanede tedavi goéren hasta
gruplarinin agirhikli olarak sizofreni, bipolar bozukluk, anksiyete bozuklugu, obsesif kompulsif
bozukluk, paranoid kisilik bozuklugu, depresyon, psikoz, maddeye bagl gelisen psikoz vb. nedenlerle
tedavi gordiikleri bilgisi edinilmistir. Hasta gruplarina yonelik ortak/bireysel kullanim alanlarinin,
hastaligin tiiriine gore degil, siddetine gore ayrilmasi nedeniyle, calismanin hedef kitlesi hastaligin
siddeti hafifleyen hasta grubu olarak belirlenmistir. Bu hastalar, diizenli tedavi alms, tedaviye cevap
vermis ve hastaligin siddeti hafif seyirde ilerledigi grup olarak, profesyonel saglik personeli refakatinde
bahgeye c¢ikabilmektedir.

Calisma alani se¢imi, hedef kitlede yer alan hastalarin iyilesme siireglerinin desteklenmesi ve tedavi
siireclerinde vakit gegirebilecekleri bir 6zel tasarim mekaninin yoksunlugu goézetilerek yapilmistir. Bu
siirecte, hastane biinyesindeki agik alanlarin bitkisel materyalden nispeten yoksun oldugu ve tedavi
siireclerinde motivasyon kazanimii destekleyici agik mekanlarin, kolay erisilebilir bir konumda
tasarlanmasi gereksinimi gozlenmistir.

Tasarimin kullanici grubunun oldukea kiiciik bir hedef kitle olmasi, tasarim olgiitleri ve kisitlayici
faktorlerin dikkatle belirlenmesini gerektirmektedir. Tablo 1’de belirtilen temel konularin yani sira,
hedef grubun niteligi, kullanilan tiim canli ve cansiz materyallerin, yer verilen program elamanlariin,
renklerin, ses, koku veya su varliginin vb. detayl diisiiniilmesi s6z konusudur. Oneride yer alan tiim
program elemanlarinin se¢iminde olas1 kaza, yaralanma ya da girisimlere yol agma riskleri goz oniine
almmugtir. Bununla beraber, oOzellikle bitki materyali se¢imi de Oncelikli bir asama olarak
degerlendirilmistir. Bah¢enin i¢ mekan kosullar1 ile uyumlu (tropik ve subtropik) familyalara ait tiirler
arasindan, fiziksel ve psikolojik etkileri yoniinden Tablo 1’de belirtilen konulara bagl kalarak se¢im
yapilmustir. Ozetle, calismanin tasarim stratejisi, calisma alani ve hedef kitle dinamiklerinin analiz
bulgularma dayali ¢ikarimlar yapilarak belirlenmistir. Hedef kitlenin doga ile i¢ ice olma hissini
destekleyen mekan olusturulmasi hedefi, kullanilan tiim materyallere hedef kitle 6zelinde karar
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verilmesiyle izlenmistir. Bu kapsamda Sekil 2, Sekil 3, Sekil 4 ve Sekil 5°te sunulan gorseller 6rnek

olarak gosterilebilir.
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Sekil 5. I¢ mekan kosullari ile uyumlu bitki tiirii segimi®*

Sonuc ve Oneriler

Bir hedef kitleye yonelik, hedef kitlenin sosyolojik yapisi, gereksinim ve beklentilerine gore tasarlanan
iyilestirici bahgeler, sunduklar1 terapdtik etkilerle 6zel amaglar1 olan ve bireysel yasam kalitesine
dogrudan katkida bulunan tematik bahgelerdir. Kullanici analizine dayali gelistirilen tasarim siirecleri
sonucunda, kullanicilarin fiziksel ve psikolojik temelli iyi olma halleri iizerinde olumlu etkiler yaratmay1
onceler. Estetik, fonksiyonel ve erigilebilir 6zellikleriyle bu bahgeler, dogru tasarim stratejisi ile
olusturulduklarinda, toplumsal motivasyonu artirici niteliktedir.

Bu dogrultuda, ruh saghigi hastalarmin hedef kitle oldugu saglik merkezlerinde, tedavi siireglerini
destekleme amaciyla, secilen hedef grubun iyi analiz edilerek, psikolojik yonden iyi olma halinin
terapotik etkilerle desteklenmesi gerekmektedir. Biyoklimatik konfor kosullarinin desteklendigi, dogru
bitki tiirli ve cansiz material se¢imi yapilan, nitelikli mithendislik ¢alismalar1 yiiriitiilen bu bahgeler,
kullanim amac1 dogrultusunda oldukea etkili olacaktir.

Bu ¢alisma 6zelinde ifade edilebilir ki; 6zellikle psikolojik yonden iyi olma halini destekleyici bir arag
sunmak adina, tedaviye cevap veren ve hastaligin siddeti hafifleyen ruh sagligi hastalarmin hastane
bahgesinde gegirdikleri zaman diliminde boylesi tematik bahcelerde bulunmalari; saglikli bireyler ve
dolayisiyla saglikli toplumlarin olusmasina katki saglayabilecektir.

Bu calismada, calisma alani olarak segilen Adana Dr. Ekrem Tok Ruh Saglig1 ve Hastaliklar1 Hastanesi
bilinyesinde yer alan hedef grubun rekreasyonel ve dinlenme gereksinimlerini gegirebilecekleri,
erigilebilir nitelikteki bir iyilestirici bah¢e tasariminin, hastane biinyesinde gereksinim duyulan ve tedavi
stireglerine katki sunabilecek bir ara¢ niteligi tasidigi sonucuna varilmugtir. Caligmada izlenen
metodoloji kapsamindaki uzman goriisii alma, veri toplama ve gozlem asamalar1 bulgular1 15181nda;
kullanim 6nerilerinin ve malzeme se¢imlerinin hedef kitle 6zelinde yapilmasi nedeniyle; tasarim 6nerisi
olusturulan iyilestirici bahgelerin Hastane biinyesindeki agik yesil alan statiisiindeki diger mekanlara
kiyasla ¢ok daha verimli olacagi 6ngoriilmektedir.
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Ozet: Tiirkiye nin ekonomik kalkinmasinda insaat ve turizm sektorii cok onemli bir role sahiptir. Ancak, turizm
sektortiniin saglikli bir sekilde stirekliliginin saglanmasu, iilkenin sosyo-ekonomik, sosyo-politik ve istikrarli bir
demokrasinin saglanmasin gerektirir. Diger riskler ise kiiresel boyuttadir. Yasanan pandemi ve Rusya-UKrayna
Savagi gibi riskler turizmi derinden etkilemig, bir kisim tesis kapanmis ya da sezonluk hizmet ile ayakta duramayan
tesislerin sayist artmistir. Bu bildiri turizm sektériiniin ekonomik anlamda darbogaza diisme riskine karsi
stirdiiriilebilir bir kullanim onermektedir. Mevcutta atil kalmig, ekonomik anlamda sikinti yasayan tesislerinin
mevsimlik kullanima bagli kalmamasi ve sezonluk degil siirekli doluluk yaratan yabanci yashlara yasam turizmine
yonelik bir model onermektedir. Ozellikle iilkemize gelmek isteyen ama bir nedenle giivenlik, saglik vb.
gerekgelerle ev alip ya da kiralayarak evde yasamak istemeyen yashlar icin, siire kisitt olmayan alternatif bir
vasam turizmi sunulabilir. Yasl yasam turizmine doniistiiriilecek tesislerin turizmde mevsimlik dalgalanmalardan
etkilenmemesi hedeflenmektedir. Turizmde on iki ayr verimli hale getirmek i¢in yasl turizmine yonelik kullanim
segenekleri gelistirilmelidir.

Anahtar Kelimeler: Yasli Turizmi, Turizm, Mimari Tasarim

A Suggestion for the Rational Use of Idle Tourism Facilities: Transforming Them Into Life Tourism for the
Elderly

Abstract: The construction and tourism sectors have a pivot role in Turkey's economic development. Further, the
sustainability of tourism depends on the country's socio-economic, socio-political, and democratic aspects as well
as global stability. The pandemic and the Russia-Ukraine war have significantly affected tourism, the number of
facilities that cannot survive with seasonal service has increased and many facilities have closed. This declaration
proposes a sustainable use against the risk of the tourism sector falling into an economic bottleneck. In the
proposed model, it is ensured that the facilities that are currently inactive and experiencing financial difficulties
are not dependent on seasonal use, and it proposes a model for life tourism for foreign seniors that creates
continuous occupancy, not seasonal. The proposed model offers an alternative life tourism with flexible time
options, especially for the elderly who want to come to our country but do not want to buy/rent a house due to
concerns such as security, health, etc. Facilities to be transformed into senior living tourism are not affected by
seasonal fluctuations in tourism. Turning twelve months of the year into a productive tourism season is only
possible by developing usage options for elderly tourism.

Keywords: Elderly Tourism, Tourism, Architectural Design

1.Giris

Tirkiye’nin ekonomik kalkinmasinda insaat sektorii ve turizm sektérii cok dnemli bir role sahiptir. Her
iki sektor de Tiirkiye’nin Gayri Safi Milli Yurtigi Hasilasindaki (GSYIH) paylariyla ekonomik
bliylimeye dogrudan etki etmektedir. Bunun yani sira istihdam yaratilmasinda vasifli ve vasifsiz
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calisanlar i imkani saglamasi ile de ¢ok dnemli pay1 vardir. Ayrica bolgesel ekonomik kalkinmaya da
katki saglamaktadir.

Insaat sektorii yurtdist miiteahhitlik hizmetlerinde iilkeye doviz kazandirirken, ayn1 seyi turizm sektorii
yurt icinde doviz gelirlerine onemli oOlgiide katki saglayarak yapmaktadir. Yabanci turistlerin
harcamalar1 tilkeye doviz girdisini artirirken, uluslararasi ticaret dengesine de olumlu katkilar saglar.
Ancak, turizm sektoriiniin saglikli bir sekilde siirekliliginin saglanmasi tilkenin sosyo-ekonomik, sosyo-
politik ve istikrarl bir demokrasinin saglanmasinm gerektirir.

2. Arastirmanin Problemi

Bu sektor icin yasanan diger riskler ise kiiresel boyuttadir. Son 4 yilda Diinyada yasanan, COVID -19
salgmi ile her alanda oldugu gibi turizm sektorii de benzeri goriilmemis bir kiiresel saglik, sosyal ve
ekonomik acil durumla karsi karsiya kalmustir. Turizm sektorii, ucaklarin kalkmamasi, otellerin miisteri
bulamadig1 i¢in kapali olmasi ve diinyamin hemen hemen tiim iilkelerinde uygulanan seyahat
kisitlamalari ile en cok etkilenen sektorler arasinda yer aldi (UNWTO, 2023). Insaat sektériinde de
yatirimlar durma noktasina geldi. Ardindan Rusya-Ukrayna savasi bolgede yurtdisi miiteahhitlik islerini
ve o bolgeden gelecek turizmi de baltalamis ve derinden etkilemis oldu.

3. Arastirmanin Amaci

Bu ¢aligma turizm sektoriiniin ekonomik anlamda darbogaza diisme riskine karsi siirdiiriilebilir bir
kullamm onermektedir. Mevcut kosullarda atil kalmis, ekonomik anlamda sikinti yasayan turizm
tesislerinin kullanim yogunlugunun yilin belli bir donemine bagli kalmamas1 ve sezonluk degil siirekli
doluluk yaratmasi i¢in dzellikle yabanci yaslilar i¢in yasam turizmine yonelik bir model 6nermektedir.

Turizm, insanlarin konaklama, yeme- igme ve eglence gibi hizmetlerden dolay1 yasadiklar1 yerin disinda
bir yere seyahat anlamina gelmektedir. Unwto (Diinya Turizm 6rgiitii) turizmi; insanlarin, bir yildan
fazla olmamak kaydiyla bos zaman degerlendirme, is ve diger sebeplerle siirekli yasadiklar1 yerlerin
disina seyahat ettikleri ve gittikleri yerde konakladiklari bir faaliyet olarak tanimlamaktadir (UNWTO,
2023). Tirk Dil Kurumu ise turizmi; dinlenme, eglenme, gorme, tanima vb. amaglarla yapilan gezi. Bir
iilkeye veya bir bolgeye turist ¢ekmek igin aliman ekonomik, kiiltiirel, teknik Onlemlerin, yapilan
calismalarm tiimii olarak tammlamistir (TDK).

Tanimlara baktigimizda Unwto bir gezinin turizm olabilmesi i¢in bir y1ldan az olmasi1 gerektigi tizerinde
durmustur. TDK’nin taniminda ise siire kisiti bulunmamakta taniminda boélgeye turist ¢ekmek icin
yapilan ekonomik, kiiltiirel faaliyetlere vurgu yapilmaktadir. Turizm baslangicta konaklama, ulagim ve
yeme-i¢me ile tanimlanirken, refahin artmasi, ulasim, haberlesme ve daha uzun hayat ile tanimlara
egitim, saglik, spor, dinlenme, toplanti, kongre, eglence, din ve kiiltiirel miras etkinlikleri, doga vb.
ozellikler de tanimlara girmistir. Bu nedenle tanimlardan stire ile ilgili bir kisitlamanin da gecerliliginin
kalmayacagini sOyleyebiliriz.

Diinya genelinde saglik alaninda yasanan gelismeler ve yasam standartlarinin iyilestirilmesine bagh
olarak insanlarin yasam siirelerinde ve yasli oraninda hizli artislar yasanmaktadir (Bayram Sener, 2023).
2020 yilinda diinya niifusunun %9,5'inin yashlardan olusurken, (729 milyon 887 bin 660 kisi)
(aile.gov.tr.), bu sayinin 2050 yilinda 2 katina ulagacagi tahmin edilmektedir (Acikders. ankara.edu.tr).
Diinyada yash niifusun yogunlugu ise Kuzey Amerika, Avrupa, Asya’nin kuzey ve dogu
kesimlerindedir (aile.gov.tr).

Giiniimiizde yashilarin beklentileri ve ihtiyaclar1 degigmis bunun sonucunda yagh turizmi, saglik turizmi
gibi yaslilara yénelik turizm cesitleri ortaya ¢ikmustir. Ulkeler artan yasli turizmini iilkelerine cekmek
icin rekabete girmistir. Medikal Turizm Dernegi Baskan1 Dr. Ibis yasli turizmine ilginin artigmi, Avrupa
iilkelerinin iklim, cografya oOzellikler ve insan kaynaklar1 agismdan uygun iilkelerle bu konuda is
birligini yillar énce yapmaya basladigini, bu ihtiyacin salginla birlikte daha da artigini belirtmistir. Ibis
"Avrupa iilkeleri, pandeminin yarattigi etkiler sebebiyle, yasl vatandagslarimin saghk ve bakimlar igin
diger iilkelerle is birliklerine gitme konusunda olabildigince hizli, daha fazla adim atacak. Ulasimi kolay
tilkelerle saghk, bakim ve yasam hizmetlerinin onceden maliyet olarak belirlendigi anlagmalar
yapilacak. Iskandinav iilkeleri basta olmak iizere, 6rnegin Norveg bunu yillardwr yapiyor, bugiine kadar
belli dénemlerde 800 binin iizerinde yaslisint Ispanya'ya gonderdi ve gondermeye de devam edecek."
degerlendirmesinde bulunmustur.
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4. Tiirkiye’de Yash Turizmi

Tiirkiye’nin de yasli turizmi potansiyelinden pay almasi i¢in devletin, 6zel sektoriin, akademik ortamin
ve sivil toplum kuruluslarinin el ele vererek Avrupa iilkeleri ve gevre iilkeler ile ortak ¢aligmalarda
bulunmasi Tiirkiye ekonomisi i¢in énemli bir kazanim saglayacaktir. Tiirkiye, yaslh yasam turizminde
avantajli ozelliklere sahiptir. Cografi konumu, kisa stireli uguslarla kolay erisilebilirligi, yashilara ve
emeklilere uygun iklim kosullar, zengin Tiirk mutfag, essiz kiiltiirel mirasi, dogal bitki ortiisi, termal
kaynaklar ile rehabilitasyon imkanlar, geng ig giicti ve misafirperver hizmet anlayisi, Avrupa'ya gore
daha ekonomik tatil secenegi ile ¢cok avantajli bir konuma sahiptir. Dort mevsimin bir arada, tiim
giizelligi ile yasandigi bir cografyada oldugumuzu da belirtmek gerekir. Akdeniz ve Ege Bolgesi’nde
Ozellikle Antalya ili sinirlar iginde Alanya ve ¢evresinde emekli olmus yasli yabancilarin ev alarak
bundan sonraki yasamlarini burada devam ettirmek istemeleri de bu talebi ortaya koymaktadir.

Tirkiye’de yaslilik dénemlerini evleri yerine bir kurumda gegirmek isteyen vatandaslarimiz igin diger
bir alternatif olarak yash bakim evleri devreye girmektedir. Tiirkiye’ye gelmek isteyen yabancilarin ise
Tirkiye’de bir ev almak, kiralamak ya da kisa siireli tatil turizmi disinda onlara yonelik alternatif bir
yagam olanaklar1 yeterince sunulmamaktadir. Bu nedenle iilkemize gelmek isteyen ama bir nedenle
giivenlik, saglik vb. gerekeelerle evde yasamak istemeyen yaslilar igin siire kisit1 olmayan alternatif bir
yasam turizmi sunulabilir. Turizmde mevsimlik dalgalanmalardan etkilenmemek, turizmde 12 ayi
verimli hale getirmek i¢in yash turizmine yonelik kullanim seceneklerinin arttirilmasi Gnem
kazanmaktadir. Daimi miisteri statiisii kazandiracak ozellikle yabanci yaslilar i¢in yasam turizmi
olanaklarindan yararlanmaliyiz. Yash yasam turizmi ile yaslilarin tesisleri 12 ay kullanicis1 olmasi
hedeflenirken, izleyen yillarda siirekliliginin saglanmasi 6nem kazanmaktadir. Bu amagla gelen
kullanicilarin aidiyet duygusunu gelistirmek, turizm igin olusabilecek olasi pandemi, savas vb.
potansiyel risklerin asilmasinda 6nemli katki saglayacaktir.

Asagidaki tabloda 2021-2022 Ocak-Temmuz aylarinda Tiirkiye’de agilan ve kapanan tesislerin sayisi
goriilmektedir (Tablol). Toplamda kapanan 51 turizm tesisinin neden kapandiklar ile ilgili toplu bir
veri olmamakla birlikte. Toplanda 51 turizm tesisinin Ekonomik gerekgelerle hizmetlerini
siirdiiremedikleri sdylenebilir. Son yillarda turizm sektorii, artan insaat maliyetleri, enflasyon, is giicii
kitlig1 ve enerji krizinin yeni otel gelistirme projelerini yavaslamasina ya da ertelenmesine neden oldu.
Bu da turizmde yeni yatirimlarin azaldigi donemde atil tesislerin doniisiimiiniin, tekrar turizme
kazandirilmasinin ne kadar 6nemli oldugunu gdstermektedir. Bu makalede pandemi, savas gibi
nedenlerden dolay1 darbogaza diismiis kapanmis ya da sezonluk hizmet ile ayakta duramayan atil turizm
isletmeleri i¢in bir model Onerilmektedir. Birinci asamada yash turizmine hizmet edecek sekilde
doniistiiriilmesi disiiniilen turizm tesisinde su 6zelliklerin olmasi gerekmektedir.

Tablo: 1 Oteller Vb. Konaklama Yerleri Agilig/Kapanig Verileri-Ocak-Temmuz. (Turizmdatabank)
Oteller vb. konaklama yerleri acihs/kapams verileri (Ocak- 2021 2022

Temmuz)

Agilan 125 149
Kapanan 25 26
Yabanci ortakli agilan 12 12

1.Grup kriterler

e Mevzuata Uygunluk: Tesisin glivenlik, erisilebilirlik ve saglik hiikiimleri de dahil olmak lizere
yaslilara yonelik konaklamalarla ilgili yerel yonetmeliklere,standartlara uygun mu?

e Glivenlik: Deprem, sel, yangin vb. dogal afetlere karsi dayanikli ve uygun mu?

e Erisilebilirlik ve glivenlik: Tesisin erisilebilirlik ve glivenlik 6zelliklerini degerlendirerek yasli
misafirlerin ihtiyaclarini karsilamalarini saglayacak ozelliklere sahip mi? (Tekerlekli sandalye
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erisilebilirligi, korkuluklar, kaymaz yizeyler, iyi aydinlatilmis alanlar ve acil durum mudahale
sistemleri gibi siralanabilir).

e Odalar, tekli ve esli kalmak igin yash bireylerin kalmasi igin uygun ya da donistirilme
potansiyelini barindiriyor mu?

e Saglik tesisleri: Tesis yasli konuklarin saglik ihtiyaglarini karsilayacak mekansal 6zelliklere sahip
mi? ya da bu tiir mekanlar eklenebilir mi?

2.Grup kriterler

e Ulasim: tesis ulasim aglarina yakin ya da kolay baglaniyor mu?

e Konum: tesis, dogal, tarihi (Deniz, orman, tarih, dinsel, eglence) ya da termal kaynaklar gibi
kullanici tarafindan tercih edilebilecek bir konumda mi?

e Konum: Kiltlr ve Kamu yapilari vb. yakin ya da ulasilabilir mi?

e Saglik: Saglik tesislerine hastane, geriatri blimu vb. yakin mi?

Birinci grupta yer alan kriterlerin tamamini doniistiiriilmesi diisiiniilen tesis saglamalidir. Ikinci grupta
yer alan kriterler ise zorunlu olmasa da varhg ile tesise avantaj saglayacaktir. Tkinci asamada yukaridaki
kriterleri saglayan tesislerin yasl yasam turizmine doniistiiriilmesi i¢in gerekli tasarim kriterler agsagida
belirtilmistir (Bu kriterler donistiiriilecek yapilar i¢in oldugu kadar sifirdan tasarlanacak tesisler i¢in de
kriter olusturmaktadir).

Yaglilar i¢in doniistiiriilecek tesislerin “Aktif yaslanma planlama ve tasarim kriterleri” ne gore
tasarimlar1 6nem kazanmaktadir. Bu kriterler kullanici- hedef kitle, yap1 ve kent (gevre) iliskisi ve
ihtiyaclar1 dogrultusunda asagidaki gibi belirlenmistir. Kullanicilar igin turizm tesisleri tasarlarken,
konfor, erisilebilirlik, saglik, giivenlik ve katilima oncelik veren alanlar olusturulmalidir.

5. Yashlara Yonelik Tasarim Kriterleri

Oncelikle yasl yasam turizminde yaslilarin fizyolojik, psikolojik ve sosyolojik 6zelliklerinin goz niine
almarak yasam ¢evrelerinin olusturulmasi gerekmektedir. Bu baglamda yapilacak tasarimlar
kullamcilarin aktif yaglanmasini destekleyecek ve onlarin daha uzun ve daha saglikli, mutlu, bagimsiz,
iiretken ve sosyal olmalarini saglayacaktir. Doniistiiriilecek yapmin o6zelliklerine gore konsept
gelistirilmelidir (blok ya da ikiz ve swa ev vb.). Komsuluk iliskisi kurulabilecek ortamlarin
saglanmasina dikkat edilmelidir. Bu iliski her katta ortak oturma alanlar1 ile yap1 biinyesinde ya da yakin
cevresinde ortak kullanilan sosyal tesisler kafe, restoran, atdlye ve oyun alanlar ile saglanabilir. Bu
tesislerin aktif yaglanma ve insanlarin uzun siire daimi konaklayabilecekleri tesise doniistiiriilebilmesi
icin yaghilarm kullanimina 6zel tasarim kriterleri de tasarimda yer almahdir. Bu kriterler yapiin
giriginden itibaren baglamalidir.

Tesis girisi; Giris holiinde yer alan danisma, merdiven ve asansor birbirine yakin konumlanmali, yerleri
kolay algilanmali ve tabelalarla yonlendirme yapilmis olmalidir. Giriste danigma, tuvalet, diisey ve yatay
sirkiilasyon iligkisinin saglanmasi, katlarda bekleme ve dinlenme alanlarinin bulunmasi, 6nemlidir. Kot
farkindan kaginilmali, kot farki olan yerlerde mutlaka rampa ve asansér bulunmalidir.

Kapali Mekanlar: Tesisin genelinde, gérmeyi kolaylastiracak yeterli dogal ve yapay aydinlatma, 1s1 ve
nem yalitimi saglanmalidir. Tiim mekanlarin akustik, iklimlendirme ihtiyaglari ¢6ziilmiis olmalidir.
Yerlerde engelsiz, kaymaz, dogal ve ¢evreci malzeme kullanilmalidir.

Yasam Odalar: Mevcut otel tesislerinin oda boyutlar1 genel kullaniciya gore tasarlandigi i¢in yash
grubunun uzun siireli kullanimina uygun degildir. Odalar ev ortammi hissettirecek sekilde
tasarlanmalidir. Sadece yatma ve banyo degil mekan biinyesinde dinlenme, oturma, kiigiik bir mutfak
tezgahi da barindirmalidir. Bu tezgah gay, kahve ve basit yiyecekler hazirlamak i¢in kullanilabilir. Bu
ihtiyaglara gore tasarim yeniden ele alinmali esli, essiz ve paylasimli oda alternatifleri gelistirilmelidir.
Ayrica, odalar kisiye 6zel esnek kullanima yonelik tasarlanmalidir (Ozel hasta yataklari, saghk
ekipmanlari, tekerlekli sandalye vb. ihtiyact).

Odalarda yeteri kadar giin 15181ndan faydalanmak i¢in genis pencereler, yeterli yapay aydinlatma, ferah
mekanlar, balkon ya da bahce kullammi Ongoriilmelidir. Oda tefrisleri imkan veriyorsa yataktan
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manzarayl ya da disartyr gorecek sekilde oda diizeninin yapilmasi tercih edilmelidir. Tiim alanlar
tekerlekli sandalye vb. gecisine uygun ve genislikte olmalidir. Ayrica, odalarda banyo ve tuvaletlerde,
yatak baglarinda - asansorlerde- koridor ve merdiven baslarinda yardim butonlar1 bulunmalidir.

Tesiste Yer Alan Diger Kapali Alanlar: Atdlyeler, toplanti salonlari, yemekhane, kafeterya, yemek
salonlar1, pastane, spor salonlari, oyun salonlar1 ve benzer mekanlar i¢in yashnin fizyolojik, psikolojik
ve sosyolojik ihtiyaglarina gore tasarlanmalidir.

Yemek alaninda tim kullaniciyr tek mekanda toplamak yerine farkli yemek salonlarinda
(yemekhaneler) planlanarak kullaniciya hem butik bir goriiniim saglanmali hem de yemek i¢in
kuyruklarin olugmasinin 6niine gegilmelidir. Ana yemek salonlarinin diginda misafirleriyle yemek
yiyebilecekleri alternatif yemek salonlar1 ve kafeler yaratilmalidir.

Yap1 Genelinde Donatilarin Ozellikleri: Mobilyalarm keskin veya sivri kdseleri olmamali, dengeli ve
gliclii olmalidir. Devrilmeye karsi dnlemler alinmali ve mobilyalarin etrafindan giivenli bir sekilde
dolasilabilecek rahat hareket alani kalmalidir. Tiim mekanlarda, kapilar ve koridorlar tekerlekli sandalye
vb. gecisine uygun geniglikte olmalidir.

Her oda da mutlaka kullanmicisina 6zel banyo ve tuvalet bulunmalidir. Banyo ve tuvaletler ve tim
donatilar yaglilar i¢in uygun 6l¢iilerde olmali, banyolarda kayma ve yaralanmalara neden olacak kiivet,
dusakabin ve perde bulunmamali Banyoda dus esnasinda ihtiya¢ hissedenler i¢in sabit ya da
gerektiginde agilir oturma elemani bulunmalidir. Banyo ve tuvaletlere tutunma barlari yerlestirilmelidir.
Odalarda (allerjen ve temizlik) agisinda duvardan duvara hali kullamlmamali parke ve benzer
malzemeler tercih edilmelidir. Tesis iginde katlarda dikkat c¢ekici, okunakli yonlendirme tabelalari,
kesisme noktalarinda ve gegislerde, asansorlerin karsisinda ve merdiven baglarinda kat planlari
bulunmalidir.

Giivenlik- acil ¢ikislar ve acil durum 6nlemleri olarak, odalara ve yap1 geneline, yangina karsi, duman
detektorleri ve sprintirlar yerlestirilmelidir. Tesis genelinde kolay alev almayan iriinler tercih
edilmelidir. Yangin ya da afet esnasinda acil tahliye ¢ikislar1 yaslilar ve engelliler diisiiniilerek yangin
yonetmeliklerinde belirtilen mesafelerden daha kisa tutulmalidir.

Diisey ve yatay sirkiilasyon alanlari: Kot farki olan her yerde rampa olmalidir. Rampa egimi, asansor
genislikleri, kapilar ve merdiven yiikseklikleri yasli kisiler ve tekerlekli sandalye i¢in uygun olmalidir.
Rampa ve merdivenlerde yaslilar i¢in korkuluk, kiipeste yerlestirilmelidir.

Asansorlerde tiim yiizeyler, diizgiin, kaymaz ve gerekli yerlerde dokulu zemin kullanilmali ve
kullanicinin oturabilmesi i¢in gerektiginde acilabilir oturma elemanlar: yerlestirilmelidir. Asansorlerde,
merdiven giris ve ¢ikiglarinda yaslilar ve engelliler i¢in isitsel uyarilar bulunmalidir.

Merdiven, asansor, koridor vb. kullanilan trabzanlar (kiipeste) saglam, tutmayi kolaylastirici ve kaymaz
olmali. Merdivenler yaslilar igin sahanlikli ve uygun rihta yapilmalidir. Tesislerde akustik tedbirler
alinmus, 1s1 ve su yalitimi yapilmus, iklimlendirme, giines kiric1 vb. mevcut olmalidir.

Acik Alanlar: Tesis girisinden yap1 girislerine kadar olan mesafede yaslilar riizgar, yagmur, giines vb.
hava kosullarindan korumak igin pasif iklimlendirme yapilmalidir (Sagak, agaglandirma, bitkilendirme
vb.). Sicak aylarda kullanilabilecek acik yiizme havuzu hem keyifli vakit gecirmelerini hem de saglik
sebebiyle spor yapmalarini ve giinesten faydalanmalarin1 destekleyecektir. Oto parklar acik ya da yar
acik olarak tasarlanabilir. Park alanlari normlarin disinda kullanicinin aracini rahat park edebilecegi,
rahat manevra yapabilecegi genislik ve Olgiilerde tasarlanmalidir. Yapi cevresinde yaslinin
dinlenebilecegi yliriiyiis yapabilecekleri yiiriiyiis yollar1 ve parklar diisiiniilebilir.

Yollar engelsiz diiz ve kaymaz zeminden olusmali kot farki olan yerlerde rampalar yapilmalidir. A¢ik
alanlarda peyzaj diizenlemeleri yapilmalidir. Ayrica yansima havuzlari ve benzer diizenlemeler kullanici
icin rahatlatici unsurlar yaratacaktir. Kot farki ya da basamak olan her yerde rampa olmali

Donatilar: Agik alanlarda; yapr girisleri, yakin ¢evre, yiiriime alanlari, sokak, tiim duraklar, bahgeler
kullamicinin  dinlenmesi, g¢evreyi seyretmesi ve sosyallesebilmesi i¢in gerekli yerlerde banklar
yerlestirilmeli. Banklar dikkat ¢ekici renk ve tasarimlarda saglam ve kullanicinin ergonomisine uygun
olmali kullaniciy1 hava sartlarindan korumak igin sagak, agac vb. bir unsur bulunmali.
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Bilgilendirme tabelalar1 yeterli miktarda, okunakli ve dikkat c¢ekici olmalidir. Ayrica kilit noktalara,
alanmin haritas1 ve bulunulan nokta isaretlenmis olmali. Merdivenler yaslilar i¢cin sahanlhikli ve uygun
rihta , Yap1 girisleri, tesis ¢evresi, otopark, park, sokak ve tiim duraklar, geceleri iyi aydinlatilmig
olmalidir. Gerekli yerlerde harekete duyarli sensérlii aydinlatmalar kullanilmalidir. Yapi blinyesinde ve
girislerde giivenlik saglanmis olmalidir.

Giivenlik-Acil Cikislar ve Acil Durum Onlemleri: Acil durumlarda, gerek itfaiye aracmin gelebilmesi
gerek ambulansin gelebilmesi igin giris ve ¢ikislarm bu durum diisiiniilerek tasarlanmali ve gerekli
yerlerde itfaiye musluklar1 daha sik konmali. Asansorlerde, koridorlarda farkli noktalarda ve merdiven
baslarinda yardim butonlar1 yerlestirilmelidir.

Ulagim: Tesislerin 6niinden ya da ¢ok yakinindan toplu ulasima ulasilabiliyor olmali ve sefer sayilari
sik olmalidir. Duraklar yashlarin sartlarina uygun hava sartlarindan koruyacak sekilde tasarlanmal ve
yeterli sekilde gece aydinlatilmalidir.  Personel Egitimi ve Hizmetleri: Kurum biinyesinde ¢alisan tim
personeli yaslilarla ilgili olarak iletisim teknikleri, hizmet, bakim ve destek saglamada ve yash
misafirlerin ihtiyaglarini anlamalar1 i¢in 6zel olarak egitim almig olmalari ya da egitimlerden gegmeleri
onemlidir.

Onerdigimiz yasli yasam turizmi igin 6rnek gostermek zor olsa da yaslilar igin tasarlanms iki proje
olumlu 6rnek olarak gosterebiliriz. Birinci proje Selim Velioglu ve ekibinin tasarladigi
Nemetschek Academy’nin diizenledigi uluslararasi” Senior Residence Mimari Proje Yarigmasi”nda
birincilik 6diili almustir. Proje, agik, yar1 agik/yar1 kapali ve kapali mekanlardan olusuyor. Kullanicinin
bireysel ve sosyal gereksinimlerini karsilamaya yonelik kurgu az katl pargacil yerlesim i¢in olumlu bir
ornegi olusturmaktadir (Sekil 1 — Sekil 2).

Sekil 1-2 Nemetschek Academy, 2004. Uluslararast Mimari Fikir Yarigmas: Yaghlar Evi (Senior
Residence) 1. Odiilii. Tasarlayan: Selim Velioglu ve ekibi (Ed. Yilmaz,B., 2013).

Ikinci proje ise GRNDS82 mimarlik ekibinin ispanya Barselona’da “85 Yaslilar I¢in Korumali Konut
Uniteleri Ve Kamu tesisleri Projesi” kent i¢i yogun yerlesime olumlu bir projesidir. Cok katli blok
diizende tasarlanan proje, L formunda barinma blogu ve tek katli alana yayilmis kamu tesislerinden
olusmaktadir. Mimar yapi i¢indeki terasli odalar1 soyle tamimliyor.  Teraslar i¢indeki dairenin 6lgegini
astyor ve binanin geri kalaniyla oldugu kadar sehirle de dogrudan diyalog kuruyor.” Oturma, yatma,
mutfak ve banyo mekanlarindan olusan odalar, bir terasla disariya aciliyor. Yash bireylerin kullanimi
0zel olarak diisiiniilmiis odalarda, oda ge¢islerinde ve mutfakta kapi bulunmuyor, Sekil 3, Sekil 4, Sekil
5 (D-PLAN DERGISI).
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Sekil 3. Yashlar i¢in Korumali Konut Uniteleri Ve Kamu tesisleri Projesi. GRND82 Mimarlik Ofisi.
Ispanya Barselon. (Leonardi M., Dall’occa Dell’orso G., Re, G. edt. 2010) Photographs: Adria
Goula, Jordi Castellano
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Sekil 4: Bodrum ve Giris Kat Plani. Yaslilar igin Korumali Konut Uniteleri Ve Kamu tesisleri Projesi.
GRND82 Mimarlik Ofisi. Ispanya Barselon. (Leonardi M., Dall’occa Dell’orso G., Re, G. edt.2010)

Sekil 5. Yashlar I¢in Korumali Konut Uniteleri Ve Kamu tesisleri Projesi. GRNDS82 Mimarlik Ofisi.
Ispanya Barselon (Archdaily. Photographs: Adria Goula, Jordi Castellano) Photographs: Adria
Goula, Jordi Castellano



https://www.archdaily.com/photographer/adria-goula?ad_name=project-specs&ad_medium=single
https://www.archdaily.com/photographer/adria-goula?ad_name=project-specs&ad_medium=single
https://www.archdaily.com/photographer/jordi-castellano?ad_name=project-specs&ad_medium=single
https://www.archdaily.com/photographer/adria-goula?ad_name=project-specs&ad_medium=single
https://www.archdaily.com/photographer/jordi-castellano?ad_name=project-specs&ad_medium=single
https://www.archdaily.com/photographer/adria-goula?ad_name=project-specs&ad_medium=single
https://www.archdaily.com/photographer/adria-goula?ad_name=project-specs&ad_medium=single
https://www.archdaily.com/photographer/jordi-castellano?ad_name=project-specs&ad_medium=single
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6. Sonuc¢ ve Tartiyma

Atil durumdaki turizm tesislerinin yasl turizmi i¢in doniistiiriilmesi, fiziksel alanin, olanaklarin,
hizmetlerin ve yagh kullanicilarmn deneyiminin kapsamli bir sekilde degerlendirilmesini gerektirir.
Tesislerin; bahsedilen kriterleri tagimasi, erisilebilir, islevsel, dayanikli, estetik, konforlu ve giivenli
olmasi ve Ozel hizmetlere oncelik vermesi tesisin yasghi misafirler i¢in basarili bir sekilde yeniden
tasarlanmasinin anahtaridir. Tesisin yagli misafirler i¢in rahat bir ortam sagladigindan emin olunmals,
uygun aydinlatma, dinlenmek igin sessiz alanlar ve giivenlik saglanmalidir. Tesisi siirekli olarak
iyilestirmek ve ihtiyaglarini ve tercihlerini daha iyi karsilayacak sekilde uyarlamak icin yagl misafirleri
temsil eden bir olusumun kurulmasi ve siirekli geri bildirimlerin aliniyor olmasi da ¢ok énemlidir.

Belli siirelerde bos ve atil kalan ya da gesitli sebeplerle kullanilamayan tesislerin yeniden elden
gecirilmesi, tadilatlar1 ve yagh kullaniciya uygun hale doniistiiriilmesi i¢in devlet destegi de gerekebilir.
Bu tesisler eger bir zincir markanin tesisleri icinde yaslilarin tesis degistirmesine olanak verecek bir
yapiya sahip olursa yaglilar tarafindan tercih edilmesinde 6nemli bir 6l¢iit olabilir. Atil
durumdaki tesislerin yagh yasam turizmine donistiriilmesiyle, mevsimlik turizmin tesislerinin bir
kismmin 12 ay ve lstlii kullanimi ile pandemi ve savas gibi kiiresel krizlerden etkilenme sorunu
yasamayacagi ve Tiirkiye ekonomisine ¢gok 6nemli katki saglayacagi diisiiniilmektedir.
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Siirdiiriilebilir Yapimda Minimalist Tasarim Yaklasiminin Degerlendirilmesi
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Ozet: Siirdiiriilebilirlik, gelecek nesillerin ihtiyaglarini karsilama yetenegini tehlikeye atmadan, mevcut
ihtiyaglarimizi karsilamak i¢in kaynaklart sorumlu bir sekilde kullanmayt ifade eder. Siirdiiriilebilirlik, dogal
kaynaklarin korunmasi, ¢evresel denge, ekonomik istikrar, sosyal adalet, gelecek nesillerin haklari ve kiiresel
sorunlar ile miicadele i¢cin onemlidir. Cevre sorunlarina neden olan sektirler, faaliyetleri sirasinda dogal
kaynaklarin agirt kullamm, atik tiretimi, kirlilik ve ekosistemlerin bozulmasi gibi etkiler yaratmaktadir. Cevre
sorunlarina yol agcan sektérlerin basinda enerji sektorii, sanayi sektorii, tarim sektorii ve hayvancilik énemli yer
tutarken insaat sektorii, yiiksek enerji tiiketimi ve dogal kaynak kullanimi nedeniyle siirdiiriilebilir kalkinma i¢in
biiyiik bir risk olusturmaktadir. Diinya Kaynaklar: Enstitiisii (WRI) tarafindan yapilan arastirmaya gore, insaat
sektérii kiiresel karbon emisyonlarinin yaklasik %39'undan sorumludur. Insaat sektérii, kiiresel siirdiiriilebilirligin
saglanmasinda ¢ok énemli bir role sahiptir. Bu bildiride; insaat sektorviinde minimalist tasarim yaklasim
presiplerinin siirdiiriilebilir yapimin, tasarum, iiretim ve yok etme asamalarindaki dnemini vurgulanmaktadur.
Minimalist yaklagim (Minimalizim), malzeme kullaniminin azaltilmasini ve enerji verimliligini tegvik ederek insaat
sektdriinde siirdiiriilebilir yapimi desteklemekte 6nemli yer tutacaktir. Bu baglamda minimalist tasarim yaklagimi,
gereksiz kaynak israfim azaltan ve ¢evresel ayak izini en aza indiren onemli bir strateji olarak dne ¢ikabilir.
Stirdiiriilebilir yapim i¢in minimalist tasarim yaklagimi “en az malzemeyle, en yalin, en ekonomik ve en iglevsel
sonuca gitme” prensipleri ile sadelige, kaynak verimliligine ve gereksiz malzeme kullanimini azaltmaya vurgu
vapmaktadir. Bu nedenle Stirdiiriilebilirlik ve minimalizim ortak bir zemini paylasmasi ile, insaat sektériinde
stirdiiriilebilir yapim i¢in minimalist yaklasim 6nemli bir tasarum kriteri olusturabilir.

Anahtar Kelimeler: Minimalizm, Siirdiiriilebilirlik, Yalin Uretim, Ekonomik Tasarim
Evaluation of the Minimalist Design Approach in Sustainable Construction

Abstract: Sustainability refers to using resources responsibly to meet our current needs without jeopardizing the
ability of future generations to meet their needs. Sustainability is important for the conservation of natural
resources, environmental balance, economic stability, social justice, the rights of future generations and tackling
global challenges. Sectors that cause environmental problems create impacts such as overuse of natural resources,
waste production, pollution and degradation of ecosystems during their activities. While the energy sector,
industry, agriculture and livestock breeding are the leading sectors that cause environmental problems, the
construction sector poses a major risk to sustainable development due to its high energy consumption and use of
natural resources. According to research conducted by the World Resources Institute (WRI), the construction
sector is responsible for approximately 39% of global carbon emissions. The construction sector has a crucial
role in ensuring global sustainability. This declaration emphasizes the importance of the principles of minimalist
design approach in the construction sector in the design, production and disposal phases of sustainable
construction. The minimalist approach (Minimalism) will play an important role in promoting sustainable
construction in the construction sector by promoting material use reduction and energy efficiency. In this context,
the minimalist design approach can stand out as an important strategythat reduces unnecessary waste of resources
and minimizesthe environmental footprint . The minimalist design approachfor sustainable construction
emphasizes simplicity, resource efficiency and reducing the use of unnecessary materials with the principles of
"going for the simplest, most economical and functional result with the least material”. Therefore, with
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sustainability and minimalism sharing a common ground, the minimalist approach for sustainable construction in
the construction sector can constitute an important design criterion.

Keywords: Minimalism, Sustainability, Lean Production, Economic Design

1.GIRIS
“Sadelik; En yiiksek gelismislik diizeyidir.” (Leonardo Da Vinci)

Tarih boyunca insanlar barinma ihtiyaglarini karsilamak igin farkli yapilar insa etmis, bu siiregte ¢esitli
tasarim felsefeleri benimsemislerdir. Ozellikle erken donemlerde insaat, basit ve minimalist bir yaklagim
dogrultusunda gereksiz unsurlardan kaginarak yerel olarak mevcut malzemelerin verimli bir sekilde
kullamlmasiyla karakterize edilmistir. Bu baglamda, Leonardo Da Vincinin “Sadelik en yiiksek
geligsmislik diizeyidir” s6zii, minimalist tasarimin hem sanat hem de mimarlik alanindaki degerinin altini
cizmektedir. Farkli tarihsel donemlerde gbzlemlenen minimalist egilimler sadece estetik bir tercihi
temsil etmekle kalmamis, ayn1 zamanda islevsellik, siirdiiriilebilirlik ve ekonomik kaynak kullanimi
acisindan da o6nemli bir strateji olusturmustur(Grajgevel, V., 2024). Giiniimiizde minimalist tasarim,
suirdiiriilebilir mimarlik gergevesinde yeniden 6nem kazanmusg ve tarihsel 6rneklerden ilham alan modern
bir tasarim yaklagimi sunmustur.

Cevre sorunlarina yol acan sektorlerin basinda enerji sektorli, sanayi sektorii, tarim sektorii ve
hayvancilik 6nemli yer tutarken insaat sektoril, yiiksek enerji tiiketimi ve dogal kaynak kullanimi
nedeniyle siirdiiriilebilir kalkinma igin biiyiik bir risk olusturmaktadir. Diinya genelinde enerji tiiketimi
siralamasinda en st siralarda yer alan insaat sektorii, hem ingaat siireci hem de binalarin kullanimi1
sirasinda salinan sera gazlari nedeniyle kaynaklarin tikenmesine ve ¢evre kirliligine 6nemli 6l¢iide etki
etmektedir. Kiiresel enerji tiiketiminin ve buna bagli emisyonlarin biiyiik bir kismindan sorumlu olan bu
sektoriin ¢evre tizerinde etkisi ¢ok biiyiiktiir (Erdogan S.,2020: 277-303).

Insaat sektoriiniin bu etkileri sebebi ile de yapi iiretiminde siirdiiriilebilir yapilasmann dnemi giin
gectikee artmaktadir. 2023 yilinda, yesil binalar kiiresel enerji kaynakli emisyonlarin yaklasik %37'sini
olusturmaktadir ve bu da yesil binalar1 iklim krizinin ele alinmasinda ¢ok 6nemli bir sektor haline
getirmektedir(Plan Be Eco.,2025). Bu baglamda minimalist tasarim yaklasimi, kaynak kullaniminm
azaltan ve gevresel ayak izini en aza indiren 6nemli bir strateji olarak kabul edilmektedir. Siirdiiriilebilir
mimari ve minimalist tasarim, sadelige, kaynak verimliligine ve gereksiz malzeme kullanimini
azaltmaya yaptiklari vurguyla ortak bir zemini paylagmaktadir. Her iki yaklasim da gereksiz bilesenleri
ortadan kaldirarak islevsel ve verimli bir alan yaratmayi amaglamaktadir. Bu da hem islevsel hem de
estetik agidan modernize edilmis mekanlarin yaratilmasiyla sonuglamr (Kamal & Nasir, 2022: 277-300).

Bu makalede, minimalist tasarimin ingaat sektoriiniin yarattigi cevresel sorunlarin ele alinmasindaki rolii
ve potansiyeli incelenecektir. Minimalist tasarimin kaynak verimliligi, enerji tasarrufu ve atik yonetimi
gibi alanlar {izerindeki etkisi aragtirilacak ve bu yaklasimin siirdiiriilebilir bir gelecek i¢in nasil bir arag
olarak kullanilabilecegi tartisilacaktir. Ayrica, sektordeki mevcut uygulamalara ve gelecek
projeksiyonlarima dayanarak, minimalist tasarimin yaygin olarak benimsenmesini tesvik etmek icin
oOneriler sunulacaktir.

2. INSAAT SEKTORUNUN CEVRE UZERINDEKIi ETKILERI

Tarih boyunca insanlar doga ile siirekli bir miicadele iginde olmustur. Baslangicta doganin sagladigi
kaynaklarla yetinen insanlar, zamanla ¢evrelerini sekillendirme ve degistirme ¢abasi igine girmiglerdir.
Ingaat faaliyetleri, insan uygarhigmin gelisimine paralel olarak baslamustir (Ceylan, H. ve Yavuz,
B.,2022: 423-428).

Cevre sorunlarma yol acan sektorlerin basmda enerji sektorii, sanayi sektorii, tarim sektori ve
hayvancilik 6nemli yer tutarken insaat sektorii, yiiksek enerji tiikketimi ve dogal kaynak kullanim
nedeniyle siirdiiriilebilir kalkinma i¢in biiyiik bir risk olusturmaktadir.
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Sekil 2.1 Sektorlere Gore Cevresel Etki Yiizdeleri (Diinya Kaynaklar1 Enstitiisii (WRI))

Insaat sektorii, kiiresel ¢evre sorunlarma etki eden en 6nemli sektorlerden biridir. Bu sektér, dogal
kaynaklarin yogun kullanimi, enerji tiiketimi ve atik tiretimi de dahil olmak iizere gesitli ¢evresel
etkileriyle dikkat cekmektedir. Ozellikle, insaat malzemelerinin iiretimi ve nakliyesi sirasinda ortaya
¢ikan karbon emisyonlari, kiiresel 1stnmanin siddetlenmesinde dnemli bir rol oynamaktadir. Ornegin,
yapilan bazi arastirmalar ¢gimento tiretiminin tek bagina kiiresel karbon emisyonlarinin yaklasik %8'ini
olusturdugunu gostermektedir (Andrew, 2018: 195-217). Ayrica, insaat ve yikim atiklar1 kati atik
depolama sahalarmin 6nemli bir boliimiinii isgal ederek toprak kirliligine ve ekosistemin bozulmasina
yol agmaktadir (Adams vd., 2020). insaat faaliyetleri sirasinda asir1 su kullanimi ve hava kirliligi de
onemli ¢evresel sorunlar arasindadir (Zhang ve Wang, 2019: 356-366). Bu etkiler, insaat sektoriindeki
siirdiiriilebilir olmayan uygulamalarin ¢evre tizerindeki olumsuz sonug¢larini agik¢a gostermektedir.
Insaat faaliyetlerinin gevresel etkileri hem iiretim asamasi1 , yapilarm kullanim asamasi ve yok etme
boyunca devam eder. Bu problemler dogru tasarim yaklasimlar: ile azaltilabilecekken yanlis tasarim
yaklagimlari ile de problemler daha da artis gostermesine neden olan etkenlerdendir.

2.1. Kaynak Tiiketimi ve Dogal Cevre Uzerindeki Etkileri

Insaat sektorii, dogal kaynaklarin yogun bir sekilde kullamlmasini gerektiren sektérlerden birisidir.
Beton, celik, cam ve kereste gibi malzemelerin iiretimi 6nemli miktarda hammadde ve enerji tiiketimine
yol agmaktadir. Ozellikle beton iiretimi, kiiresel su kullamminin 6nemli bir kismini olustururken,
¢imento iiretimi sirasinda salinan karbondioksit (CO2) emisyonlar1 kiiresel iklim degisikligine 6nemli
Olctide katkida bulunur (Worrell vd., 2001: 303-329). Ayrica, ingaat malzemelerinin ¢ikarilmasi ve
taginmasi dogal yasam alanlarinin tahrip olmasina, toprak erozyonunun artmasina ve su kaynaklarmin
kirlenmesine neden olabilir. Neden olan etkenlerdendir.

2.2. Enerji Kullanim ve Karbon Ayak izi

Ingaat sektorii, kiiresel enerji tiiketiminin yaklasik %36'sin1 ve diinya genelinde enerjiyle iliskili CO»
emisyonlarmin %39'unu olusturmaktadir (Global Alliance for Buildings and Construction, 2020).
Binalarin ingas, 1sitilmasi, sogutulmasi ve aydinlatilmasi sirasinda fosil yakitlar yogun kullanimi, sera
gaz1 emisyonlarmin artmasina katkida bulunmaktadir. Ozellikle gelismekte olan iilkelerde, hizli
kentlesme ve niifus artis1 enerji taleplerini daha da artirmakta ve ¢evresel siirdiiriilebilirlik i¢in bir tehdit
olusturmaktadir.

Ingaat sektdriindeki biiyiime nedeniyle de karbon ayak izi de yillar i¢inde artis gdtermektedir. Insaat
sektoriindeki Kapsam 2 ve 3 karbon emisyonlar1 (dolayl emisyonlar), sektoriin toplam emisyonlarmin
ortalama %@80'ini olusturmaktadir. Sektoriin emisyonlarmi azaltmak igin tedarik zincirinin sektorle
birlikte degerlendirilmesi gerekmektedir.
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2.3. Atik Uretimi ve Geri Doniisiim Sorunlar

Insaat ve yikim atiklari, kat1 atik {iretiminin 6nemli bir boliimiinii olusturmaktadir. Avrupa Birligi'nde
ingaat ve yikim atiklar1 toplam atiklarin yaklasik %35'ini olusturmaktadir (Eurostat, 2020). Bu atiklarin
biiyiik bir kismi1 geri doniistiiriilmeden diizenli depolama alanlarina gonderilmekte, bu da toprak ve su
kirliligine yol agmaktadir. Ayrica, ingaat malzemelerinin diisiik geri doniisiim oranlar1 dogal kaynaklarin
daha hizh tilkenmesine neden olmaktadir.

2.4. Biyocesitlilik ve Ekosistem Uzerindeki Etkiler

Insaat sektorii, arazi kullanmi degisiklikleri ve dogal yasam alanlarmin tahrip edilmesi yoluyla
biyogesitliligi ve ekosistemleri énemli olgiide etkilemektedir. Ozellikle, dogal alanlarin insaat
faaliyetleri i¢in doniistiiriilmesi, flora ve fauna tiirlerinin yagam alanlarin1 kaybetmesine neden olarak
ckosistem dengesini bozmaktadir. Ayrica, insaat siireglerinde kullanilan beton ve ¢elik gibi
malzemelerin iiretimi yiiksek enerji tilketimi ve sera gazi emisyonlar1 icermekte, iklim degisikligine
katkida bulunmakta ve ekosistemleri olumsuz etkilemektedir (IZKA,2021). Bu durum ekosistem
hizmetlerinin azalmasina yol agarak insan refahini tehlikeye atmaktadir (ACA,2020).insaat sektériinde
sirdiiriilebilir uygulamalarin  benimsenmesi ve biyomalzemelerin kullanilmasi, biyogesitliligin
korunmasi ve ekosistemlerin siirdiiriilebilirliginin saglanmasinda 6nemli bir rol oynamaktadir.

Sonug olarak, insaat sektoriiniin ¢evresel etkilerinin en aza indirilmesi sadece ¢evresel siirdiiriilebilirlik
icin degil, ekonomik ve sosyal refah i¢in de biiyiik onem tasimaktadir. Gelecek nesillere daha yasanabilir
bir diinya birakmak i¢in insaat sektoriiniin her alaninda siirdiiriilebilir uygulamalarin benimsenmesi ve
tesvik edilmesi gerekmektedir.

3. MIMARI TASARIMDA MINIMALIST YAKLASIMIN SURDURULEBILIR YAPI
URETIMINE SAGLAYACAGI KATKILAR

Minimalizm, bir sey i¢in gerekli olan en az miktar olarak tanimlanmaktadir (Tirk Dil Kurumu, 2021).

Minimalizm kelimesi Fransizca 'minimum’ teriminden gelmektedir (Ertiirk,2011). Bir¢ok kuramcinin
ilgisini ¢eken bu kavram, ilk olarak Richard Wollheim tarafindan sanatin temel unsurlarmna
indirgenmesini tammlamak i¢in kullanmilmustir (Tiiysiiz, G. E., 2011). Minimalizm, sadelige ve
fazlaliklarin ortadan kaldirilmasina odaklanan bir yasam tarzi felsefesi ve tasarim yaklagimdir.
Minimalizm, mimari tasarimlarda en az malzemeyle en yalin,en islevsel ve en ekonomik yapiy1
tasarlamay1 amaglar. Bu kavram; sanat, tasarim, mimari gibi ¢esitli alanlarda kendini gosteren 6nemli
bir tavirdir.

Minimalizm, sadece modern bir akim olarak degil, tarih boyunca gesitli bicimlerde benimsenmis bir
kavram olarak, bir yasam ve tasarim ilkesi olarak varligini siirdiirmiistiir. Maksim Gorki'nin “Bir insan
ne kadar az seyle idare ederse o kadar mutlu olur; istekler ve ihtiyaglar arttikca 6zgiirliikler azalir” sozii
minimalizmin sadece estetik olmadigini, dogrudan oOzgiirliigli ve mutlulugu kolaylastirdigini
vurgulamaktadir. Benzer sekilde Leonardo Da Vinci'nin “Sadelik en yliksek gelismislik diizeyidir” sézii
de minimalist tasarimin bir ilerlemenin gostergesi olduguna isaret eder. Bu anlayis mimaride de énemli
bir yer tutmakta, modernist mimarinin onciilerinden Mies Van Der Rohe'min “Az g¢oktur” ilkesi,
yapilarda gereksiz detaylari ortadan kaldirarak hem islevselligi hem de estetigi korumaya devam
etmektedir. Tarihsel siirecte minimalizm, ozellikle geleneksel mimaride ve erken donem yap1
tasarimlarinda temel bir ilke olarak goriilmektedir. Ancak sanayi devrimi ve tiikketim toplumunun
aligkanlilar ile birlikte karmasik ve gosterigli iliskiler 6n plana ¢ikmis, minimalist kavramlar geri plana
itilmistir. Giinlimiizde ise stirdiiriilebilirlik, ekonomik kaynak kullanimi ve refahin 6n plana ¢ikmasiyla
minimalizm bir tasarim kriteri olarak yeniden 6nem verilmesi ve ¢cagdas mimarlik anlayiginda 6neminin
tekrardan fark edilmesi siirdiiriilebilirlik a¢isindan ¢ok 6nemlidir.

Mimarlik, insan yasamini sekillendiren ve ¢evreyle etkilesimimizi belirleyen 6nemli bir disiplindir.
Stirdiiriilebilirligin kiiresel bir oncelik haline geldigi son yillarda, mimaride minimalist yaklagimlarin
onemi daha da ortaya ¢ikmaktadir. Minimalizm, basitlik, islevsellik ve gereksiz unsurlarin ortadan
kaldirilmasi ilkelerine dayanir. Bu yaklagim, sadece estetik bir tercih olmanin Gtesine gecerek, verimli
kaynak kullanimi, enerji tasarrufu ve gevresel etkilerin azaltilmas1 gibi siirdiiriilebilirlik hedeflerine
hizmet etmektedir.
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Son zamanlarda siirdiiriilebilirlik kavrami ‘yesil, iklim ve cevre dostu, sifir enerji, ekolojik’ gibi
kavramlarla 6n plana ¢ikarak daha iyi bir yasami hedefleyen bir kavram olarak ortaya ¢ikmistir (Vural
vd.,2013). Siirdiiriilebilirlik, gelecek nesillerin ihtiyaclarmi karsilama yetenegini tehlikeye atmadan,
mevcut ihtiyaclarimizi karsilamak icin kaynaklart sorumlu bir sekilde kullanmayi ifade eder.
Stirdiiriilebilirlik, dogal kaynaklarin korunmasi,¢evresel denge,ekonomik istikrar,sosyal adalet,gelecek
nesillerin haklar1 ve kiiresel sorunlar ile miicadele i¢in 6nemlidir.

Problem:Cevresel Sirddrilebilir Yapimin
S im:! Siireg:Siirdirilebilir
sorunlar ile diigiik yagam + gz K::‘:dm:llebllr —_— S ?qllm Minimallist Bakis Agist ile
kalitesi Ll Degerlendirilmesi

Sekil 3.1 Siirdiiriilebilir Yapim I¢in Basitlestirilmis Yol Haritas1

Minimalist mimari, siirdiiriilebilir yapiya cesitli sekillerde katkida bulunur. Oncelikle, bu yaklagim
malzeme kullanimini en aza indirerek dogal kaynaklari korur. Minimalist tasarimlar tipik olarak
malzeme tiiketiminin azaltilmasini tesvik eder, bu da hammadde kullanimini azaltir. Ornegin,
minimalist bir bina tasariminda, gereksiz detaylar ve siislemeler yerine islevsel ve dayanikli malzemeler
tercih edilir. Bu yaklasim, ingaat siirecinde atik olusumunu 6nemli dlciide azaltir. Minimalist tasarim,
her bir malzeme unsurunun amacina hizmet etmesini ve uzun vadeli siirdiiriilebilirligi korumasini
saglamay1 amaglar. Bu yaklasim, daha az malzeme kullanarak insaat sirasinda 6nemli maliyet
diistislerine yol agmaktadir (Kaplan ve Demir, 2020: 134-147). Ayrica, minimalist tasarimlar genellikle
ingaat stirecini hizlandiran ve is¢ilik maliyetlerini azaltan modiiler yapilari tercih etmektedir. Prefabrik
yap1 sistemleri ingaat siiresini kisaltarak hem zamansal hem de iscilik giderlerini azaltir (Pala, 2022:
455-470). Bu yapilar, diisitk maliyetli ve siirdiiriilebilir evlerin iiretimini kolaylastirarak uygun fiyath
konut projelerinde popiiler bir tercih haline gelmektedir.

Las Americas projesi, diinya ¢apinda konutlarda siirdiiriilebilirligi ve satin alinabilirligi tegvik etmeyi
amaclayan bir girisimdir. SO-IL mimarlik firmas:i tarafindan tasarlanan bu sosyal konut girigimi,
Meksika'nin Leon kentinde artan konut talebine yanit vermistir. Alt1 katli yapi, kentsel sosyal yasami
biitiinlestirirken siirdiiriilebilir ve uygun maliyetli bir ¢6ziim saglamay1 amacliyor. Bu proje, yiiksek
yogunluklu, uygun fiyath konut ihtiyacini karsilamakta ve topluluk etkilesimini tesvik etmektedir
(Karakog,N. (2021))
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Gorsel 1. Las Americas Projesi Sokaktan Goriintii (Arkitera.com)
Gorsel 2. Las Americas Projesi i¢ Avludan Bakis (Arkitera.com)

Konut birimlerinin modiiler tasarimi, ¢esitli aile yapilarmi barindiracak esneklik sunmaktadir.
Uyarlanabilir i¢c mekan ¢oziimleri uzun vadeli kullamlabilirlik saglayarak yapmin uzun 6miirlii olmasi
amaclanmaktadir. Binanin yapisal sistemi, dayanmiklilik ve ekonomik verimlilik i¢in betonarme ve ¢eligi
bir araya getiriyor. Montaj i¢inde 6zel insaat ve agir makineler kullanmak yerine, Meksika’da bir ig¢ginin
taryabilecegi maksimum agirlik olan tam 17 kg agirligindaki temel bir beton blok olusturulmustur. Bu
yaklasim, ingaat biitcesinin daha fazla sayida bireye fayda saglamasini miimkiin kilmistir(Karakog,N.
(2021))

Gorsel 3. Las Americas Projesinde Kullanilan Beton Bloklar (Arkitera.com)

Cephe tasarimi, dogal 15181 ve hava sirkiilasyonunu en iist diizeye ¢ikarmak i¢in genis acikliklar ve yar1
gegirgen yiizeyler icermekte ve pasif tasarim stratejileri ile enerji tiiketimini en aza indirmektedir. Cati
ve teraslardaki yesil alanlar ve ortak kullanim alanlar1 sosyal etkilesimi tesvik ederken 1s1 azaltma
stratejisi olarak da hizmet veriyor. Bu proje sadece ekonomik ve siirdiiriilebilir konut ¢oziimleri
sunmakla kalmiyor, aynm1 zamanda sosyal konutlara geligsmis bir minimalist yaklagim sunuyor. Diisiik
gelirli gruplar i¢in kentsel ¢evrelerde erisilebilir, toplum odakli bir yasam modeli olusturmakta ve hem
satm alinabilirligi hem de sosyal entegrasyonu vurgulamaktadir.

Minimalist mimari enerji verimliligini artirmaya yonelik stratejilerle uyumludur. Minimalist yapilar
tipik olarak 1sitma, sogutma ve aydinlatma icin enerji gereksinimlerini azaltan daha kiigiik dlcekli ve
kompakt tasarimlara sahiptir. Ayrica, bu tasarimlar dogal 151k ve havalandirmanin etkin kullanimini
tesvik ederek enerji tliketiminin azalmasina ve binalar igin daha kiiglik bir ¢evresel ayak izine yol
acmaktadir. Bu yapilarda tipik olarak smirlt sayida yapr malzemesi kullamilir. Bu yaklasim, is¢ilerin
cesitli malzemeler icin Ozel beceriler edinmesine gerek olmadigindan isgiicii verimliligini artirir.
Ornegin, celik striiktiirlii minimalist konut projelerinde, tiim tasty1ic1 sistem tek bir malzeme kullamilarak
¢oziilmekte, bu da insaat siirecini hizlandirmaktadir (Kumar ve Silva, 2019). Baz1 agilardan bu 6rnek
minimalist tasarim yaklagiminin iiretim ve kullanim asamalar1 i¢in olumlu bir 6rnek sayilabilir.
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4.SONUC

Bu caligma, minimalist tasarim ilkelerinin siirdiiriilebilir insaat siireglerindeki roliinii incelemekte ve
katkilarii ¢evresel, ekonomik ve estetik acilardan degerlendirmektedir. Bulgular, minimalist tasarimin,
yap1 malzemelerinin daha verimli kullanilmas1 ve enerji tiiketiminin azaltilmasi gibi siirdiiriilebilirlik
ilkeleriyle 6nemli 6l¢iide uyumlu oldugunu gostermektedir. Minimalist tasarim, gereksiz dekoratif
unsurlar1 ve asirt kaynak kullanimini ortadan kaldirarak hem karbon ayak izinin azaltilmasina hem de
uzun Omiirlii yapilar insa edilmesine katkida bulunmaktadir.

Literatiirdeki 6nceki ¢alismalarla karsilastirildiginda, minimalist yaklasimla insa edilen binalarin enerji
verimliligi, atiklarin azaltilmasi ve dogal 11k kullaniminin artirilmasi agisindan siirdiiriilebilir mimariye
olumlu katkilar sagladigi goriilmektedir. Ancak bazi aragtirmalar minimalist tasarimin baslangigta
maliyetli olabilecegini ve kullanici konforu agisindan yeterli kisisellestirme imkani sunmayabilecegini
one sirmektedir. Bu c¢alismada elde edilen veriler, tasarim silirecinin optimizasyonu yoluyla bu
sinirlamalarin biiyiik 6l¢iide agilabilecegini gostermektedir. Bu nedenle, minimalist tasarim anlayisinin
stirdiiriilebilir mimariye olan katkilarinin yalnizca &zellikleri ve ekonomik boyutlarla smirli olmadigi,
ayn1 zamanda mekansal kalitenin bakis acisina ve 6nemli avantajlar sunduguna ulagilmaktadir.

Insaat sektorii, kiiresel ¢evre sorunlarina énemli dlciide etki eden bir sektdr olarak one ¢ikmaktadir.
Sektoriin siirdiiriilebilir olmayan uygulamalar1 kaynaklarin tiikenmesine, asir1 enerji tiiketimine, atik
olusumuna ve ekosistemin bozulmasina neden olmaktadir. Bununla birlikte, minimalist tasarim
yaklagimi bu sorunlar1 gidermek i¢in etkili bir strateji sunmaktadir. Minimalist tasarim yaklasim
presipleri siirdiiriilebilir yapimin, tasarim,liretim ve yok etme asamalarindaki 6nemli rol oynayacagi
diistiniilmektedir. Bu prensipler;

e Sadelik (Simplicity)

o Islevsellik

e Bosluk ve Negatif Alan
e Dogal Malzemeler

e Renk Paleti

e Dogal Isik

e Acik Plan

e Az Malzeme ile Cok Islev
e Diizen ve Organizasyon
e (Cevre Dostu Tasarim

e Simetri ve Denge

e Zamansiz Tasarim’dir.

Gereksiz siislemelerden kagmarak ve basit, iglevsel alanlar yaratarak minimalist tasarim, enerji
tilketimini ve atik {iretimini azaltmaya yardimci olur .Ayrica, siirdiiriilebilir yapt malzemelerinin
kullanimi ¢evresel etkileri en aza indirir, enerji verimliligini artirir ve dogal kaynaklar1 korur.Minimalist
mimari, uzun 6miirlii ve uyarlanabilir tasarimlar sunarak bina dmiirlerini uzatir ve sik sik yenileme veya
yikim ihtiyacini ortadan kaldirir. Bu da kaynaklarin daha verimli kullanilmasini saglar ve insaat
sektoriiniin ¢cevresel ayak izini azaltir. Ayrica minimalist tasarimlar, insanlarin yagsam kalitesini artirarak
stirdiiriilebilirligin sosyal yoniinii de desteklemektedir. Sade ve diizenli alanlar stresi azaltir ve daha
huzurlu bir yagsam ortami saglar.

Bu calisma, minimalist tasarim anlayisinin siirdiiriilebilir yapim siiregleri iizerindeki etkisini
degerlendirerek, gereksiz tiiketimi Onleyen, enerji verimliligini artiran ve dogal kaynak kullanimini
optimize eden bir yaklagim sundugunu ortaya koymaya c¢alismaktadir. Bulgular, minimalist tasarimin
stirdiiriilebilir yapr sektoriinde onemli bir strateji olarak benimsenebilecegini ve karbon salinimini
azaltma hedefleriyle uyumlu oldugunu goéstermektedir.Sonug olarak, minimalist tasarim siirdiiriilebilir
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yapim teknikleriyle birlestiginde, hem ¢evresel hem de ekonomik agidan 6nemli avantajlar sunacaktir.
Ancak, tasarim siireglerinde kullanici ihtiyaglarmin dikkate alinmasi, fonksiyonelligin 6n planda
tutulmas: ve siirdiiriilebilir malzeme segimlerinin daha fazla tesvik edilmesi gerekmektedir. Bu
prensipler nicelikte sadelesme saglarken niteligi 6n plana g¢ikaracaktir.Gelecekteki ¢aligmalar, farkl
malzeme tiirlerinin ve yap1 teknolojilerinin minimalist tasarim prensipleri ile nasil daha etkin entegre
edilebilecegini arastirarak, bu alandaki bilgi birikimini artirabilir.
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Pinus Sylvestris L.var. Compacta (Tosun) U.Akkemik Asii Tohum Bahcesinde Disi
Cicek ve Kozalak Sayilarimin Klonal Varyasyonu

Do¢.Dr. Murat Alan
IKarabiik Universitesi, Orman Fakiiltesi

Ozet: Yeni ormanlar kurma (agaglandirma) veya dogal ormanlarin genglestirilmesi igin nitelikli tohum
kaynaklarina gereksinim duyulmaktadir. Tiirkiye 'de tohum kaynaklari olarak, tohum toplama sahasi, tohum
mesceresi ve tohum bahgesi kullamlmaktadir. Biiyiime ve kalite ozelliklerine gore segilen bu kaynaklarda, tohum
bahgeleri en tercih edilenidir. Bu kapsamda tohum bahgeleri siirekli tohum kaynaklari olarak nitelendirilmektedir.
Tohum bahgeleri genetik agag 1slahi ¢alismalarimn bir ¢iktisidir ve diretim (¢ogaltma) popiilasyonu olarak da
nitelendirilmektedir. Bunun yaninda tohum bahgeleri ilgili agag tiiriiniin kaynagi disinda (ex situ) korumast i¢in
kullanilmaktadir. Hem ex situ koruma hem de tiiriin yayilis alaninin genisletilmesi icin kullanilabilecek bir ebe
saricami (Pinus sylvestris L.var. compacta (Tosun) U.Akkemik) asili tohum bahgesi Orman Agaglart ve Tohumlar
Islah Arastirma Enstitiisii Miidiirliigii tarafindan 2004 yilinda Karabiik-Eflani’de kurulmustur. Tohum bahgesinde
eslesme sisteminin tahmini icin, bes yinelemeli rastlant: parselleri deneme deseni kullanilarak Iki yil disi cicek ve
kozalaklar denemeye konu klonlarda saydmustir. Birinci yil ve ikinci yil disi ¢igek sayist klon ortalamalari sirasiyla
0-39,2 ve 0-318,8 arasinda, kozalak sayilart ise ayni sirayla 0-81.8 ve 0-103,8 arasinda degismistir. Yapilan
varyans analizinde birinci yil yalmzca kozalak, ikinci yil disi ¢icek ve kozalak agisindan istatistik farklilik
goriilmiistiir. Ikinci yil disi ¢igek, birinci ve ikinci yil kozalak sayilart icin klonal kalitim dereceleri (tekrarlanma
dereceleri) sirastyla 0,48, 0,49 ve 0,74 tahmin edilmistir. Iki yillik toplu degerlendirmede ise yillar ve klonlar
istatistik acidan farkli olurken yil ile klon etkilesimi istatistik olarak farksiz bulunmustur. Ozel formlu bireyler
iceren ebe sarigami tohum bahgesi, ex situ koruma, peyzaj ve dar bir alanda yayilis gosteren tiir icin
agaglandirmalar yapmak igin tohum kaynagi olarak kullanilabilecek durumdadir. Elde edilen bulgular éngoriilen
ti¢ kullanim igin 26 klonlu yaklasik 500 bireyden olusan tohum bahgesinin etkin bir sekilde yonetimi agisindan
kullanilabilecektir.

Anahtar Kelimeler: Tohum Kaynagi, Aga¢landirma, Klonal Kalitum Derecesi, Tohum Bahgesi Yonetimi

Clonal Variation in Female Flower and Cone Numbers in a Pinus Sylvestris L.var. Compacta (Tosun)
U.Akkemik Clonal Seed Orchard

Abstract: Qualified seed sources are needed to establish plantations or to regenerate natural forests. In Turkey,
seed collection areas, seed stands, and seed orchards are used as seed sources, and they are selected according
to trees' growth and quality characteristics. Seed orchards are the most preferred seed sources. In this context,
seed orchards are considered as continuous seed sources. Seed orchards are an output of genetic tree breeding
and are also considered multiplication populations. Seed orchards are also used to conserve as ex-situ. A spheroid
scots pine clonal seed orchard that can be used for ex-situ protection and plantation was established in Karabiik-
Eflani in 2004 by the Forest Tree Seeds and Tree Breeding Research Institute Directorate. A completely
randomized design with five replications was used to estimate the seed orchard's mating system, and female
flowers and cones were counted entirely in the clones for two consecutive years. The clone means of female flowers
in the first and second years varied between 0-39.2 and 0-318.8, respectively, while the means of cones varied
between 0-81.8 and 0-103.8, respectively. Cones in the first year and female flowers and cones in the second year
were statistically significant. Clonal heritability for the female flowers in the second year and cones in the first
and second years were estimated as 0.48, 0.49 and 0.74, respectively. In the two-year pooling data, while years
and clones were statistically significant, the interaction between year and clone was insignificant. The spheroid
Scots pine seed orchard containing special-form individuals can be used for landscaping and as a seed source for
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plantation and ex-situ conservation. The findings obtained can be evaluated for the effective management of the
seed orchard consisting of approximately 500 individuals with 26 clones to achieve the foreseen three uses.

Keywords: Seed Source, Plantation, Clonal Heritability, Seed Orchard Management

Giris

Yeni ormanlar (agaglandirma) kurulurken nitelikli, kaynaklardan tohum kullanilmasi tercih
edilmektedir. Tiirkiye’de nitelikli tohum kaynaklar1 tohum toplama sahasi, tohum mesceresi ve tohum
bahgesidir. Bunlardan en ¢ok tercih edileni ise tohum bahgeleridir. Bu bakimdan nihai hedef tohum
bahgeleri kurulmasidir. Dolayisiyla tohum bahgeleri “siirekli tohum kaynagir” olarak disiiniilebilir.
Yalnizca odun hammaddesi agisindan bakildiginda yapilan agaclandirmalar, 6ncekilerden birim alanda
daha fazla artim yaninda kalite (gévde diizgiinliigii, dolgunluk, ince dallilik) acgisindan da daha iyi
olacaktir. Bdylece birim alandan nicelik ve nitelik olarak daha ¢ok odun hammaddesi liretilebilecektir.
Bu durum yapilan genetik 1slah ¢aligmalari ile her 1slah dongiisii sonunda tohum bahgesi kurulmasi ile
miimkiin olmaktadir (White ve ark. 2007; Ruotsalainen 2014). Bu anlamda tohum bahgelerinden yiiksek
genetik degerde ¢ok miktarda tohum saglamasi beklenmektedir (Burczyk ve Chalupka 1997)

Tiirkiye’de orman agaclari islah1 1960°11 yillarda baslamustir. Bu yillardan 1990’11 yillara kadar fenotipik
Ozelliklere bakilarak tohum mescereleri segilmis, tohum mescerelerinden {istiin agaglar secilmis, iistiin
agaclardan as1 kalemleri alinarak asili tohum bahgeleri kurulmustur. Bu kapsamda ekonomik énemi olan
tirlerden birisi olan sarigam (Pinus sylvestris) i¢in de bu ¢alismalar yapilmis ve tohum bahgeleri
kurulmustur. Burada amag¢ bu tohum bahgelerinden iiretilen tohumlarla daha ¢ok artim saglayan ve
kalitesi yiiksek yeni ormanlar (aga¢landirma) kurmaktir (OATIAM 2025). Daha sonra Milli Agag Islahi
ve Tohum Uretim Programi (1994-2003) uygulanmaya konulmus ve Programa gére Tiirkiye’de ilk kez
dol denemeleri (genetik test) kurulmasi ve gen koruma ormanlarinin belirlenmesi giindeme gelmistir
(Koski ve Antola 1993; OATIAM 2025). Programda sarigam bes hedef tiirden birisidir. Gelinen noktada
saricam fenotipik tohum bahgeleri, sarigamin yillik aga¢landirma ihtiyacini karsilayabilecek durumdadir
(Alan 2018).

Tohum bahgesi genellikle agaclandirmalarin tohum gereksinimini karsilamak icin kurulmakla birlikte
ex situ koruma da saglamaktadir (Alan 2019b). Hatta 6zel formlu, ug yayilis sinirinda olan ve yok olma
tehlikesi iceren tiir/irklar i¢in hem koruma hem de tiiriin yayilisin1 genisletme amagli tohum bahgeleri
kurulabilmektedir. Tiirkiye’de de bu sekilde kurulan tohum bahcgesi 6rnekleri vardir (Alan 2019b;
OATIAM 2025). Bu gercevede, sarigcam’in mutanti oldugu diisiiniilen ebe sarigaminin Bolu’da yayilisi
saptanmis (Tosun 1988) ve bu mutantin ex situ korunmasi amagli Karabiik-Eflani’de iistiin
(6rneklenmis) agaclardan alinan as1 kalemleri ile tiretilen asili fidanlar kullanilarak, 2004 yilinda Orman
Agaclar1 ve Tohumlari Islah Arastirma Enstitiisti Miidiirliigii tarafindan bir asili (klonal) tohum bahgesi
kurulmustur (OATIAM, 2025). Bu tohum bahgesinin amaci ex situ koruma saglamak ve tohum kaynagi
islevini yerine getirmektir. Diger yandan 6zel formu dolayisiyla peyzaj amacli da kullanilabilir (Tosun
2012).

Tohum bahgelerinin 6ngoriilen amaglarmin yerine getirilebilmesi i¢in etkin bir tohum bahgesi
yonetimine gereksinim duyulmaktadir. Etkin tohum bahgesi yonetimi ise bilgi tiretilmesi bu bilgilerden
yararlanmay1 igermektedir. Ebe sarigami konusunda daha 6nce bir yillik disi ¢igek tiretimi (Alan 2017),
iki y1llik tohum ve kozalak 6zellikleri (2018) ve iki yillik erkek ¢igek iiretimi (Alan 2019a), konularinda
calismalar yapilmistir. Tohum bahgelerinin ¢iktisi tohumlarin liretilebilmesi icin disi ¢icekler gelismeli,
gelisen disi ¢iceklerin dollenmesi ile kozalaklar olusmalidir. Bu bakimdan disi ¢icek ile kozalagin
birlikte eslesme ve klonal varyasyon agisindan incelenmesi énem kazanmaktadir. Tiim klonlarda iki
yillik disi ¢igek ve kozalak iiretiminin (say1) incelendigi bu ¢alisma ile disi ¢icek ve kozalak acisindan
tohum bahgesinin eslesme sisteminin ortaya konulmasi amaglanmistir. Bu kapsamda, disi ¢icek ve
kozalak {iretiminde goriilen klonal varyasyonlar, kalittim dereceleri ve iki yillik disi ¢igek ve kozalak
iiretiminin kendi i¢inde ve birbirleri ile korelasyonlar1 bulunmustur. Bu bilgilerin kullanilmasi ile tohum
bahgesinde ex situ koruma, tohum kaynagi olma ve peyzaj amaglh kullanma agisindan etkin bir tohum
bahgesi yonetimi gerceklestirilebilecegi diistiniilmektedir.
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Materyal ve Metot

Karabiik-Eflani’de Nisan 2004’te kurulan Bolu-Cakmaklar orijinli ebe sarigami tohum bahgesinin,
Ulusal kayit numarasi (UKN) 177°dir. Tohum bahgesinin 41° 23" 45" kuzey enlemi, 32° 49" 07" dogu
boylaminda ve 890 m yiikseltidedir. Toplam 26 klon ve 813 rametle® (kurumalar olmas1 nedeniyle ramet
sayis1 503’¢e diigmiistiir) kurulmus tohum bahgesinde kullanilan aralik mesafe 5x5 m’dir. Klon basina
ramet dagilimi 3-30 arasinda degismektedir (Alan 2018). Bes yinelemeli tesadiif parseli dememe
desenine gore 127 klon arastirmada kullanilmustir.

Klonlardaki disi ¢igek ve kozalaklarm tamamu birbirini izleyen iki yil sayilmistir. Elde edilen verilere
on degerlendirmelerden sonra normal dagilim i¢in logaritmik doniisiim uygulanmistir. Doniistimden
sonra, iki yillik toplu degerlendirmeler igin asagidaki istatistik model kullanilmustir.

yijk=u+ci+tj+ctij+eijk (1)

Esitlikte; y;j 1. clonda, t. yilda, k. bireyi; ¢; i. klonu, i=1,2, 3 .... 26; t; j. yili j= 1, 2; ct;; klon y1l
etkilesimini ve e;j, deneysel hatayr gostermektedir.
Her yila ait degerlendirmeler igin ise yil etkisi modelden g¢ikarilmustir. Y1l etkisi ¢ikarilan model

kullanilarak, klonal kalitim veya klonal tekrarlanma dereceleri ve standart hatalar (Dieters ve ark. 1995)
icin asagidaki esitlikler kullanilmigtir.

2
2 _ o¢

"~ o2+(c2/m) )
2y _ _SE(dd)
SEW®) = vtm ©

Bulgular ve Tartisma

Ebe sarigami asili tohum bahgesinde iki yillik disi ¢igek ve kozalak sayimlarindan elde edilen verilere
iligkin tanitic1 istatistikler Cizelge 1°de verilmistir. Bazi klonlarda disi ¢icek ve kozalaga rastlanmazken,
bazi klonlarda ise yiiksek sayida oldugu saptanmistir. Cizelge olarak verilmemekle birlikte birinci yil
ve ikinci y1l disi ¢igek klon ortalamalari sirasiyla 0-39,2 ve 0-318,8 arasinda, kozalak klon ortalamalari
ise ayn1 sirayla 0-81,8 ve 0-103,8 arasinda degismistir. Birinci yil kozalak ortalamasi yiiksek olurken
ikinci y1l disi ¢icek ortalamasi kozalak ortalamasindan daha yiiksek olmustur (Cizelge 1). Disi ¢igek
ortalamalarida 2. y1l, 1. yilin 6 katin1 agan bir ortalamaya ulagmstir. Saricam’da 2 yilda bir bol tohum
yili olmaktadir. 2. yilda disi ¢igek sayisinin yiiksek olmasindan, 4. yilda bol kozalak dolayistyla bol
tohum tiretimi beklenebilecegi goriilmektedir. Kozalak acisindan baktigimizda 1. ve 2. yilin ortalamalar
birbirlerine yakindir. Bu ortalamalardan kozalak sayilarina goére bol tohum yili hakkinda bir sey
sOylenemeyecegi diisiiniilmektedir. Diger bir¢ok klon da disi ¢igek ve kozalak goriilmemesi heniiz
tohum bahgesi iiretimi acgisindan genel bir egilimin (bol tohum yil1) ortaya c¢ikmadigim
diisiindiirmektedir.

Cizelge 1. Disi cicek ve kozalaklarin tanitici istatistikleri

Yillar Birinci yil ikinci y1l

Ozellikler | Ortalama En diistik En yiiksek | Ortalama En diisiik En yiiksek
Disigicek | 7,2 0 155 46,0 0 805
Kozalak 46,8 0 267 30,5 0 217

! Ayni klona ait olan bireyler
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Gozlemlerin yapildigi yillarda tohum bahgesi 12 (1. yil) ve 13 (2. yil) yasina girmistir. Sarigamin normal
tohum bahgelerinde tohum verme yagi 10 yil olmaktadir (Koski ve Antola 2004). Bu bakimdan tohum
bahgesi “liretime gecme asamasinin baglangicinda” diye diisiiniilebilir. Genel olarak bakildiginda ise
Ebe saricam tohum bahgesindeki kozalak boyutlarmin (en, boy ve dip ¢ap) ve 1000 dane agirliginin
normal sarigamlardan daha diisiik oldugu goriilmektedir (Eli¢in 1971; Alan 2018).

Disi cicek varyans analizi Cizelge 2°de verilmistir. Birinci yil klonlar aras1 farklilik anlamsiz ikinei y1l
ise istatistik olarak anlamli bulunmustur. Serbestlik derecelerine bakildiginda ilk yil ¢icek veren klon
sayilarmin az olmasi nedeni ile farkliligin ortaya ¢ikmadigr diigiiniilmektedir.

Cizelge 2. Disi cicek birinci ve ikinci y1l varyans analizleri

Birinci yil Ikinci y1l

Varyasyon sd Kareler F _ lersE Varyasyon sd Kareler F _ lersE
Kaynagi ortalamasi | Degeri Kaynag ortalamasi | Degeri

Klon 21 1,361 0,8 0,705 Klon 24 (2,698 2,01 0,023
Hata 33 |1,711 Hata 43 11,344

Kozalak varyans analizi Cizelge 3’te verilmistir. Her iki y1l da klonlar arasi farklilik istatistik olarak
anlamlidir. Yani kozalak tiretimi agisindan klonlar 6nemli oranda varyasyon gostermislerdir. Genelde
tohum bahgelerinde rastlanan bir durum ortaya ¢ikmustir (Prescher ve ark. 2007; Yuan ve ark. 2014).

Cizelge 3. Kozalak birinci ve ikinci y1l varyans analizleri

Birinci yil Ikinci y1l

Varyasyon | Sd | Kareler F Pr>F | Varyasyon | Sd | Kareler F Pr>F
Kaynag ortalamas:1 | Value Kaynagi ortalamasi | Value

Klon 24 | 3,147 1.94 |0,016 | Klon 23 | 3,040 3,65 | <.0001
Hata 76 | 1,622 Hata 68 | 0,832

Tek yillik degerlendirmeler icin klonal kalitim dereceleri (tekrarlanma derecesi) bulunmustur. Birinci
yil disi ¢igek sayilar1 klonlara gore farkli olmadigi igin kalitim derecesi tahmin edilmemistir. Disi ¢icek
ikinci y1l, kozalak birinci ve ikinci yil kalitim dereceleri sirasiyla 0,48+0,32, 0,49+0,30 ve 0,74+0,33
olmustur. Ikinci y1l disi ¢icek ve birinci y1l kozalak sayilar1 klonal kalitim dereceleri diisiik diizeyde
iken ikinci yil kozalak sayis1 i¢in yiiksek kalitim derecesi bulunmustur. Kalitim derecelerinin ¢evresel
etkenler dolayisi ile degigsmesi beklenen bir gelismedir. Ancak asil etkenin tohum bahgesindeki klonlarin
tamaminda cigcek veriminin baglamamasi, dolayisiyla klonlarin genetik farklili§in tamamen ortaya
¢ikamamasindan kaynaklandig1 diisiiniilmektedir. Diger yandan Preschere ark. (2007) 15 yilin
iizerindeki olgun (tohum verme yasinda) 10 sarigam tohum bahgesinde, genis anlamli kalitim derecesini
disi ¢icek i¢in 0,31, kozalak i¢in 0,24-0,78 arasinda bulmuslardir. Prescher ve ark. (2007) kalitim
derecelerini farkli yontemle (ramet diizeyinde) tahmin etmislerdir. O nedenle ebe sarigaminda kullanilan
yontemde kalitim derecelerinin yontemden (klonal, tekrarlama derecesi) kaynakli bir miktar yiiksek
olmasi beklenir. Ancak Prescher ve ark. (2007)’nin hem olgun olan tohum bahgelerinde hem de sarigam
tiirlinde (varyete degil) calistiklarin1 géz oniinde bulundurmak, ebe sarigami ile sarigam arasindaki
kalitim dereceleri farkliliklarinin daha iyi anlasilmasini saglayabilir.

Iki y1llik disi ¢icek ve kozalak sayilarinin varyans analizleri Cizelge 4’te verilmistir. Disi ¢icegin birinci
yilinda yillar aras1 farklilik 6nemli ¢ikmakla birlikte disi ¢igek ve kozalak sayilarinda klonlar ile yillarin
etkilesimi istatistik olarak anlamsiz ¢ikmistir. Dolayistyla iki yillik degerlendirme sonucunda birinci y1l
ile ikinci y1l klonlarmn disi ¢igek sayilar1 ve kozalak sayilar1 klonlara gore degismemistir. Bir diger
ifadeyle birinci yil disi ¢icek ve kozalak sayilari fazla olan klonlar, ikinci yilda da aym sekilde fazla, az
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olanlar ise her iki yilda az sayida disi ¢igek ve kozalak iiretmislerdir. Ebe saricamina gore daha yasl
(17-19 y1llik) sarigam tohum bahgelerinde iki y1llik arastirma yiiriiten Burczyk ve Chalupka (1997) yillar
ve yil klon arasindaki etkilesimleri istatistik olarak anlamli bulmuslar ve klonlarin yillara gére farkl
kozalak iirettigini ortaya koymuslardir. Bu farkliliklarin, Ebe sarigami ile sarigamin yillara gore farkli
tiretim gostermeleri yani sira, Ebe saricaminin daha geng (tohum {iretimin basinda) olmasi ve ebe
sarigcaminin, saricamin bir mutant1 (varyetesi) olmasindan kaynaklanabilecegi diisiiniilebilir.

Cizelge 4. Iki y1llik disi ¢igek ve kozalak varyans analizi

Disi gigek Kozalak

Varyasyon | Sd | Kareler F Pr>F | Varyasyon | Sd Kareler F Pr>F
Kaynag ortalamas1 | Value Kaynag ortalamas1 | Value

Klon 25 | 2,771 1,94 0,0114 | Klon 24 4,472 2,62 0,012
Yil 1 68,32 61,45 | <,0001 | Yu 1 1,001 0,6 0,446
Klon*Y1l 20 | 1,048 0,7 0,8171 | Klon*Y1l 23 1,708 1,37 0, 137
Hata 76 | 1,503 Hata 144 | 1,249

Disi ¢igek ve kozalaklarin yillara gore korelasyonu bulunmustur (Cizelge 5). Disi ¢igekte birinci yil ile
ikinci yil arasinda en yiliksek korelasyona ulasilirken, disi ¢igek ikinci yil ile kozalak ikinci y1l arasinda
en diisiik korelasyon (0) bulunmustur. Birinci y1l kozalak ile ikinci y1l kozalak tiretimi arasinda goriilen
korelasyon da zayif (0,50) diizeyde bir korelasyondur.

Cizelge 5. Ozellikler arasinda bulunan korelasyonlar

Ozellikler |Kozalakl | Kozalak2 |Disi gicekl | Disi cigek2
Kozalakl 1

Kozalak2 0,50* 1

Disi cicekl | 0,59** 0,36 1

Disi ¢igek2 |0,48* 0 0.71 1

*0,5; **0,01 diizeyinde istatistik olarak anlamlilik gostermektedir

Tohum bahgesi yonetim i¢inde, ¢iceklenme dengesinin korunmasi, ¢igek uyarimi (artirimi), yer se¢imi,
tozlagsmaya yardime1 olma, uygun tohum toplama, klonlar ve klonal karisimlar, vejetatif iretim, iiretim
yontemleri ve teknikleri, temel klonal materyallerin secimi ve zararli yonetimi konular1 sayilmaktadir
(EUFORGEN 2024). Bu yo6netim konularinin uygulanabilmesi igin tohum bahgesinde eslesme
sisteminin bilinmesi 6nem tasimaktadir. Tohum bahg¢esinde eslesme sisteminin anlasilabilmesi klonlarin
erkek ve disi ¢igek iiretimlerinin bilinmesi ile miimkiin olabilmektedir. Uretim miktarlar1 tamamyla
dollenme anlanuna gelmemekle birlikte eslesme sistemi hakkinda bilgi verebilmektedir. Iki y1l arka
arkaya yapilan sayim, geng yasta olan ebe saricami tohum bahgesinde disi ¢igek iiretimi yaninda, disi
cicek ve disi ¢igegin dollenmesi sonucunda olusan ve tohum {iiretimini saglayan kozalak iiretimi
acisindan da klonal varyasyonu, kalittim derecelerini ve bu 6zellikler arasinda korelasyonlar1 ortaya
koymustur. Ebe sarigami tohum bahgesi sarigamin bir mutanti olan 6zel formlu klonlardan olusan bir
tohum bahgesidir. Bu kapsamda Tosun (2012) yayilis alanlarinda (orman) form olarak kiiremsi, yari
kiiremsi ve semsiyemsi formlara sahip ebe sarigami bireyleri oldugunu belirtmistir. Bu 6zel formlar
dikkate alindiginda ara formlar da olabilecegi diisliniilmelidir. Bu agidan ebe sarigamu peyzaj
diizenlemelerinde kullanilabilecek bir potansiyel tagimaktadir. Asili olarak kurulmus olan Ebe sarigami
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tohum bahcesinden as1 kalemi alinarak, klonlarda goriilen farkli formlarin ¢ogaltimi yapilabilir ve
istenen formlar peyzaj amach kullanilabilir.

Yillar igindeki ¢evresel etkenler, klonlarin farkh iiretim yetenekleri (genetik varyasyonlar), ¢evresel
etkenler ile klonlarm iiretim yetenegi arasindaki etkilesimler tohum (d6l) araciligiyla tohum bahgesinin
genetik yapisini, genetik cesitliligini ve agaglandirmalarin yapisini etkileyecektir (Yuan ve ark. 2010).
O bakimdan disi ¢igek, disi ¢icegin dollenmesi sonucu tohum bahgesinin ¢iktist olan tohumu verecek
olan kozalak iiretimine iligkin bilgiler, tohum bahgesinin etkin yonetimine hizmet edebilecektir. Bu
bakimdan bu bilgilerin belirli donemler i¢in elde edilmesinde yarar bulunmaktadir. Dolayisiyla eslesme
sistemini anlamaya yonelik disi ¢igek ve kozalak iretimini belirlemeye yonelik aragtirmalar
tekrarlandiginda tohum bahgesi yonetimi igin ek bilgiler saglanabilecektir.

Sonuc¢

Ebe sarigamm tohum bahgesinde disi ¢igek ve kozalak verimleri zerine birbirini izleyen iki y1l boyunca
yiiriitiilen ¢alisma ile tohum bahgesi yonetiminde kullanilabilecek bilgiler iiretilmistir. Saricam tohum
bahgelerinin tohum verme yaginin 10. y1l oldugu gozii 6niine alindiginda ebe sarigami tohum bahgesi
arastirmanin yapildigi sirada geng bir sarigam bahgesi olarak goriilebilir. Birinci yi1l yalnizca kozalak,
ikinci y1l hem disi ¢igek hem de kozalak acisindan klonlar arasinda varyasyon goriilmiistiir. Disi ¢igekte
ikinci y1l orta, kozalakta birinci y1l orta ve ikinci y1l ve yiiksek kalitim dereceleri bulunmustur. Iki yillik
degerlendirmelerde disi ¢igekte yil etkisi istatistik olarak anlamli, y1l ve klon arasinda etkilesim
anlamsiz, kozalakta ise hem yil hem de y1l ve klon arasindaki etkilesim anlamsiz bulunmustur. Y1l ve
klon arasindaki etkilesimin anlamsiz olmasi, klonlarin hem disi ¢igek hem de kozalak agisindan ayni
egilimi gosterdigi, diger bir anlatimla birinei y1l verimi iyi olan klonlarin ikinci yilda da iyi birinci y1l
verimi diislik olanlarinsa veriminin diisiik oldugu anlamina gelmektedir. Ebe sarigaminda disi ¢igek ve
kozalaklarm iki y1l tamaminin sayildigi ¢alismanin sonucunda ebe sarigaminin etkin yénetimi (ex situ
koruma, agaclandirma ve peyzaj kullanimi) i¢in kullanilabilecek bilgiler ortaya konulmustur. ilerleyen
yaslarda benzer calismalar etkin yonetim i¢in ek bilgiler tiretebilecektir.
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Ozet: Iskenderun giivercini, Orta Dogu orjinli ve iilkemizde de Giineydogu Anadolu Bélgesi'nde yaygin olarak
hobi amach yetistiriciligi yapilan bir genotiptir. Iyi ugus ozelligi sergilemektedir. Bagdat olarak adlandirilan
genotipler iginde filo tipi giivercinlere en iyi ornektir. Almanya’da Nurnberg, Erlangen, Fuhrt ve Michelav
bélgelerinde yetistiriciligi yapildig1 bilinmektedir. Buna ek olarak Alman Iskenderun Giivercin Cemiyeti 1895
yihnda kurulmus ve National Show’da sergilenmistir. Ulkemizde Giineydogu Anadolu Bélgesi’nin yamnda
ozellikle Hatay Bolgesi'nde hobi amaclh olarak yetistiriciligi yapilmaktadir. Iskenderun giivercinlerinin
vetistivilmesi, bakim ve beslenmeleri hakkinda yeterli bilimsel bir ¢alismaya rastlanmamistiv. Fakat gaga
yapilarmmn kavisli olmast dolayisiyla yavrularimi ozellikle ilk birka¢ hafta besleyemedikleri ile ilgili olarak
ifadelere rastlanmaktadir. Bu ifadenin bilimsel anlamda hi¢ bir tutarl ve tatmin edici yani yoktur. Bu iddianin
gecerli bir savunmasimin olabilmesi icin somut gozlemlerin ortaya konulmast sarttr. Iskenderun giivercininin
yavrularim yeterince besleyebildikleri HMKU Ziraat Fakiiltesi Zootekni Boliimii nde yapilan gozlemler sonucu
tespit edilmistir. Kanatlilarda tiirlere gore beslemede oznel (miktar, doz, oran vb..) farkliliklar olsa da genel
anlamda yetistiricilik ve bakim-besleme konularinda uygulanmast gereken ana ilkeler aymdir. Yagsamlarinin ilk
birkag haftasinda, enerji gereksinimi yaminda daha yiiksek oranda kaliteli protein almalar gerkmektedir. Ozellikle
kiikiirtlii amino asitlerden cysteine and methionine organlarin hizli gelisiminde ve tiiy olusumunda esansiyeldir.
Bununla birlikte viicut 1silarini dengelemekte basarisiz olduklarindan ozellikle ilk 0-4 hafta iginde ortam
sicakliginin uygun derecelerde tutulmasina ozen gostermek gerekir. Giivercinler, bu temel bakim-besleme
ilkelerine gore beslenmelidir. Bunun yamnda giivercinlerde ilk hafta kursak siitii olusumu gerceklesmektedir.
Yapilan bu derleme ile Iskenderun giivercini yavrularimn bakim ve beslenme ozelliklerinin tespiti yapilmistir.

Anahtar Kelimeler: Iskenderun Giivercini, Iskenderun Giivercini Yavrusu, Besleme
Feeding of Scandaroon Pigeons (Columbia Livia Dometica)

Abstract: Scandaroon pigeon is a genotype originating from the Middle East and widely bred for hobby purposes
in the Southeastern Anatolia Region of our country. It exhibits good flight characteristics. It is the best example
of fleet type pigeons among the genotypes called Baghdad. It is known to be bred in the Nurnberg, Erlangen, Fuhrt
and Michelav regions of Germany. In addition, the German Scandaroon Pigeon Society was established in 1895
and exhibited at the National Show. In our country, it is bred for hobby purposes especially in the Hatay Region
as well as the Southeastern Anatolia Region. No sufficient scientific study has been found on the breeding, care
and feeding of Scandaroon pigeons. However, there are statements that they cannot feed their young especially in
the first few weeks due to their curved beak structure. This statement has no consistent and satisfactory aspect in
the scientific sense. In order for this claim to have a valid defense, concrete observations must be presented. It has
been determined as a result of observations made in the Animal Science Department of HMKU Faculty of
Agriculture that Scandaroon pigeons can feed their young sufficiently. Although there are subjective differences
(amount, dose, ratio etc.) in feeding according to species in poultry, the main principles that should be applied in
terms of breeding and care-feeding are generally the same. In the first few weeks of their lives, they need to take
in higher quality protein in addition to their energy needs. Especially the sulfur amino acids cysteine and
methionine are essential in the rapid development of organs and feather formation. However, since they fail to
balance their body temperature, it is necessary to take care to keep the ambient temperature at appropriate levels,
especially in the first 0-4 weeks. Pigeons should be fed according to these basic care-feeding principles. In
addition, crop milk formation occurs in pigeons in the first week. With this compilation, the care and feeding
characteristics of Scandaroon pigeon chicks were determined.
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1. GIRIS

Iskenderun giivercini (Columba livia domestica), genel olarak Orta Dogu merkezli bir genotip olup,
iilkemizde Giineydogu Anadolu ve Hatay Bdlgesi’nde yaygin yetistiriciligi yapilan giivercin irkidir
(Y1ldirim ve ark., 2018). Ugus 6zelligi ile 6ne ¢ikan bu genotip filo giivercinlerine drnek gosterilebilen
nitelige sahiptir (Iscen, 2025). Iskenderun Bagdat iklari iginde saf olarak yetistirilen Iskenderun
giivercinine, yurt disinda ve ozellikle Almanya’da ‘“Nurnberg Bagdette”, ‘“Pagadette”, “Pavdotte”,
“Bagotten”, “Pagadotten taube”, ve “Hocker taube” olarak adlandirilmistir. Fransizlar da “Pigeon
bagadais a grande morille” olarak isimlendirmistir (Anonim, 2025). Ulkemizde bagdadi olarak da
anilmaktadir.

Giivercin yetistiriciliginin, diger evcil kanatl tiirleri ile benzer ¢evre ve iklim kosullar1 (sicaklik, nem,
riizgar hizi, hava kalitesi, vb.) gereksinimleri olsa da, beslenmeleri, daha ¢ok tam tahil ve tiirevleri ile
(musir, bugday, arpa, sorgum, bezelye, mercimek vb.) saglanmaktadir (Janssens ve ark, 2000a; Janssens
ve ark, 2000b; Xie ve ark. 2016). Bununla birlikte tavuk, 6rdek ve diger kus tiirleri ile karsilagtirildiginda
besin sindirilebilirlik degerlerinde dnemli farkliliklar gézlemlendigi bildirilmistir (Hullar ve ark., 1999;
Biedermann ve ark., 2012). Giivercinlerin yetistirildigi farkli asama ve zaman dilimlerinde de besin
madde gereksinimleri farklilasacagindan yasa uygun yem formiilasyonlari gelistirilmelidir (Jin ve ark.,
2023). Farkli aragtirmacilar, giivercinlere 6zgii besin maddesi gereksinim seviyesi ve de besleme siiresi
i¢in sonsuz tercihler oldugunu bildirmektedir (Adawy ve Abdel-Wareth 2023).

Bununla birlikte her giivercin yavrusu gibi Iskenderun giivercin yavrular1 da bakima muhtactir.
Yasamlarinin ilk haftalarinda her iki ebeveynin (ana-baba) kursaklarinda iiretikleri kursak sitii ile
beslenmeleri gerekir (Gillespie ve ark, 2012; Ding ve ark, 2020). ilerleyen giinlerde ebeveynler
kursaklarinda bulunan yemlerle birlikte karigik olarak kursak siitiinii 4-5 hafta daha yavrularina verirler
ve bu besleme ileri asamada sadece tahila doner (Vandeputte-Poma, 1980 ).

Bu calismada, iskenderun giivercini ile birlikte genel anlamda giivercin yavrularin ve yetiskin
giivercinlerin beslenmesine iliskin bilgiler paylasilmistir.

2. GUVERCIN KURSAK SUTU ve GUVERCIN YAVRULARININ BESLENMESI

Giivercin yavrulart kuluckanin 17. giinlinde yumurtadan c¢iktiklarinda korunmaya muhtagtirlar.
Yasamlarinin ilk giinlerinde Sekil 1.’de gorildiigii {lizere viicutlarinda yeterli tiiy olusumu
gerceklesmemistir. Bir glivercin yavrusunun cinsel olgunluga ulasmasi genellikle 5-6 aydir (Wang ve
ark., 2023).
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Sekill. iskenderun Giivercini Yavrusu

Beslenmeleri, yagamlarinin ilk 3-4 haftasinda her iki ebeveyninin kursaklarinda iirettigi kursak siitii ile
saglanir. Bu siit, yiiksek oranda protein ve lipid konsantrasyonlarina sahiptir (Wang ve ark., 2023).
Bilesiminde bakteri de olmakla birlikte, ortalama %60 protein, %32-36 yag, %]1-3 karbonhidrat ve
mineral maddeler ( Ca, K, Na, P) bulunur (Gillespie ve ark., 2012). Kursak siitiinde porbiyotik,
Bifidobacterium ve Lactobacillus’a da yapilan ¢alismalar sonucunda rastlanmistir (Ding ve ark, 2020).
Yapisinda bulunan bol miktardaki mikroorganizmanin mikrobiyota olusumu ve metabolizmasini
diizenlemesi ve yavrularda bagisiklik sisteminin desteklenmesi bakimindan olumlu etkiye sahip oldugu
da ifade edilmistir (Ding ve ark, 2020; Jorgensen ve ark., 2021; Notarbartolo ve ark., 2022)

Kursak siitii sentezi, glivercinlerin kursaginda prolaktin ve insiilin hormonlarinin aktivasyonu ile kontrol
edilmektedir. Bu sentez, kursagin germinal hiicre tabakasinin prolaktin varliginda hizla ¢ogalmasi ile
baslamaktadir. Mukozal epitel bazal hiicrelerinin bdliinerek gittikce artmasi hiicrelerin yukar1 yonlii
hareketine neden olur. Bu da miikoza zarmmin kalinlasmasini saglar (Gillespie ve ark., 2012; Gillespie ve
ark., 2013). Sonrasinda kilcal damarlar epitel hiicrelerin ¢ogalmasiyla artar ve besin birikimi i¢in zengin
kan kaynagi saglar. Yizeydeki diiz hiicrelerde lipitlerin sentezi ve birikimi gergeklesir. Bu lipit dolu
hiicrelerin diismesi sonunda da kursak siitii meydana gelmis olur. Bu olusum aslinda epitel hiicrelerin
dejenerasyonu siirecidir (Weber, 1962; Dumont, 1965).

Giivercinlerin farkli yasam evrelerinde ve olusturulan farkli yem kombinasyonlar1 ile kursak siitii
bilesiminde farkliliklarm ortaya ¢ikabilecegi belirtilmektedir (Jin ve ark., 2023; Desmeth, 1980; Sales
ve ark.,2003; Zeng ve ark., 2003; Chen ve ark., 2020). Ayrica, yavru giivercinlerin, kursak siitiiniin
besinsel bir ikamesi ile beslemesi durumunda bagisiklik sisteminde sorunlarla karsilasacaklar1 ithimali
yaninda, yeterli diizeyde gelisim saglayamadiklar1 ya da oldiikleri bildirilmistir. (Gillespie ve ark.,
2012). Tavuklar tizerinde yapilan arastirmalarda da giivercin kursak siitii ile beslenen hayvanlarin daha
yiiksek biiyiime oranina eristigi saptanmustir (Pace ve ark., 1952; Hegde, 1973).

Iskenderun giivercininin gaga yapisinin kavisli olmasi nedeniyle, yavrularini kursak siitii ile beslemede
zorluk yasadigma iliskin sdylemlerin gercegi yansitmadig, Hatay Mustafa Kemal Universitesi Ziraat
Fakiiltesi Zootekni Boliimii’ne ait Ozel Kanatli Hayvan Yetistirme Unitesinde barmndirilan Iskenderun
Giivercinleri lizerinde yapilan gozlemler sonucunda belirlenmistir. Sekil 2.’de, 4. hafta yastaki
yavrusunu kursak siitii ile besleyen ebeveyn gosterilmistir.

: & a 1:' i

Sekil 2. iskenderun Giivercininin Yavrusunu Kursak Siitii ile Beslemesi
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Yavrularin beslenmesinde ebeveynlerin rolii ¢ok dnemlidir. Yapilan ¢aligmalar sonucunda, her iki
ebeveyn tarafindan beslenen yavru gelisiminin ve davranmigsal gelisiminin tek ebeveyn tarafindan
beslenen yavrulara kiyasla daha iyi oldugu belirlenmistir (Fattah ve ark., 2019).

3. ERGIN GUVERCINLERIN BESLENMESI

Genal olarak giivercinler hobi (spor ve siis) amagli ya da et liretimi amaciyla yetistirilmektedir (Fekete
ve ark., 1999; Adawy ve Abdel-Wareth, 2023). Farkli amaglarla yetistirilen glivercinlerin besin madde
istekleri ve seviyelerinde ¢ok fazla alternatiflerin oldugu da bilinmektedir (Adawy ve Abdel-Wareth,
2023).

Yetistiriciler genellikle giivercinleri tahil ve destekleyici mineral maddelerle beslerler. Olusturulan
yemlerin igeriginde %15-16 ham proteinin olmasina dikkat edilir. Yetiskin bir glivercin giinde 35-50 g
tam tahil tiiketir. Misir, yavru besleyen yetiskin giivercinler i¢in iyi bir tercih olmasina karsin, protein
gereksiniminin dengelenmis tavuk yemlerinden karsilanabilmesi miimkiindiir (Adawy ve Abdel-
Wareth, 2023).

Giivercinler tam tahillarla (misir, bugday,arpa, sorgum, soya vb.) beslenebildigi gibi, etlik giivercinler
icin pili¢ yemleri de verilebilir. Etlik glivercinler disinda hobi amagli yetistirilen giivercinlerin fazla
yaglanmamasina 6zen gosterilmelidir. Bununla birlikte yaz ve kis diyetleri de hayvanlarin giinliik yeterli
besin madde ihtiyaglarmi karsilayacak sekilde ayarlanabilir. Bu amagla sicaklik stresi ile karsilasilacak
zamanlarda yem tiiketiminde azalma olacagindan, birim miktar yemdeki besin madde
konsantrasyonunun arttirilmasi gerekmektedir.

Genel olarak yetigkin giivercinlerin karma yemlerinde %12-18 ham protein ve 12 MJ/kgME ihtiyaci
oldugu ifade edilmektedir (Adawy ve Abdel-Wareth, 2023).

4. SONUC

Gtivercinlerin beslenmesinde genel anlamda iki asamanin oldugunu belirtmek gerekir. Birincisi yavru
biiyilitme, ikinci olarak ergin gilivercinlerin beslenmesidir. Ergin giivercinler de yetistiricilik amacina
uygun (etlik, spor, siis) beslenme rejimlerine tabi tutulmaktadir.

Yavru biiyiitmede kursak siitiiniin énemi biiyiiktiir. {lk 27-28 giin, kursak siitiiyle yogun besleme, her
iki ebeveyn tarafindan gerceklestirilir. Bununla birlikte, 0-7 giinliik yavrularin 15,38 MJ/kgME ve
%53,3 ham protein igeren karma yemlerle beslendiginde biiyiime performansinin en iyi sonug verdigi
tespit edilmistir (Yang ve Vohra, 1987). Kursak siitii, igerdigi yogun besin maddeleri nedeniyle giivercin
yavrularmin gelisim ve biiyiimesinde son derece etkili olmakla kalmaz ayni zamanda bagisiklik
sisteminin gliclenmesine de katkida bulunmaktadir. Ayn1 zamanda kanatli beslemede 6neme sahip
amino asitlerden yiiksek seviyede glutamik asit, aspartik asit, ve 16sin yaninda diisiik seviyelerde
metiyonin, triptofan, histidin, sistein olmak {izere 17 amino asit icermektedir (Hegde, 1972.). Amino
asitlerin yaklasik %57,7-59,97 si 12 amino asitten olusan ilk 14 giinliik kursak siitiinde tespit edilmistir
(Zhang ve ark., 2017).

KAYNAKLAR

1. Adawy, AM.G., AAA. Abdel-Wareth. 2023. Productive performance and Nutritional of
domesticated pigeons. Present status and future concerns SVU-International Journal of
Agricultural Sciences Volume 5 Issue (2) pp.: 160-167, 2023 Print ISSN 2636-3801 | Online
ISSN 2636-381X

2. Anonim, 2025. https://www.guvercin.info/irklar iskenderun.php 11.03.2025 Saat:11.05

3. Biedermann, T., D. Garlick, and A. P. Blaisdell. 2012. Food choice in the laboratory pigeon. Behav.
Processes 91:129-132.

1332


https://www.guvercin.info/irklar_iskenderun.php%2011.03.2025
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0005
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0005
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0005
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0005
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0005

/ /

(7 22" UBAK, 08 - 09 March 2025, Ankara (<~
UBAK UBAK

4.Chen, M. J., N. X. Pan,X. Q. Wang,H.C. Yan, C. Q. Gao. 2020. Methionine promotes crop
milk protein synthesis through the JAK2-STATS signaling during lactation of domestic pigeons
(Columba livia). Food Funct. 11:10786-10798.

5. Desmeth, M. 1980. Lipid composition of pigeon crop milk-II. Fatty acids. Comp. Biochem. Physiol.
66:135-138.

6. Ding J, Liao N, Zheng Y, Yang L, Zhou H, Xu K, Han C, Luo H, Qin C, Tang C, Wei L and Meng
H (2020). The Composition and Function of Pigeon Milk Microbiota Transmitted From Parent
Pigeons to Squabs. Front. Microbiol. 11:1789. doi: 10.3389/fmicb.2020.01789

7. Dumont, J. N. 1965. Prolactin-induced cytologic changes in the mucosa of the pigeon crop during
crop- "milk" formation. Z. Zellforsch. Mikrosk. Anat. 68:755-782.

8. Fattah, A.F.A., Roushdy, EI-S.M., Tukur, H.A., Islam M. Saadeldin, I.M., Asmaa T. Y. Kishawy,
A.T.Y.,2019 Comparing the Effect of Different Management and

Rearing Systems on Pigeon Squab Welfare and Performance after the Loss of One or Both Parents

9. Gillespie, M. J., Stanley, D., Chen, H., Donald, J. A., Nicholas, K. R., Moore, R. J., (2012). Functional
similarities between pigeon ‘milk’ and mammalian milk: induction of immune gene expression
and modification of the microbiota. PLoS One 7:e48363. doi: 10.1371/journal.pone.0048363

10. Gillespie, M.J., Crowley, T.M., Haring, V.R., Wilson, S.L., Harper, J.A., Payne, J.S., Green, D.,
Monaghan, P., Donald, J.A., Nicholas, K.R., More, R.J. 2013. Transcriptome analysis of pigeon
milk production — role of cornification and triglyceride synthesis genes. BMCGenomic 2013,
14:169 http//www.biomedcentral.com/1471-2164/14/169

11. Hegde, S.N. 1972. The amino-acid composition of pigeon milk. Curr. Sci. India. 1972, 41, 23-24.

12. Hegde SN (1973) Composition of pigeon milk and its effect on growth in chicks. Indian J Exp Biol
11: 238-239.

13. Hullar, 1., I. Meleg, S. Fekete, and R. Romvari. 1999. Studies on the energy content of pigeon feeds
I. Determination of digestibility and metabolizable energy content. Poult. Sci. 78:1757-1762.

14. Iscen, Y, 2017. http://evcilguvercin.blogspot.com.tr/p/guvercin-yetistiriciligi-1.html 11 Mart 2025.
Saat 10:44

15. Janssens, G. P., M. Hesta, V. Debal, J. Debraekeleer, and R. O. de Wilde. 2000a. L-carnitine
supplementation in breeding pigeons: impact on zootechnical performance and carnitine
metabolism. Reprod. Nutr. Dev. 40:535-548.

16. Janssens, G. P. J., M. Hesta, V. Debal, and R. O. M. de Wilde. 2000b. The effect of feed enzymes
on nutrient and energy retention in young racing pigeons. Ann. Zootech. 49:151-156.

17.Jin, C., He, Y., Jiang, S., Wang, X., Yan, H., Tan, H., Gao, C. 2023. Chemical composition of pigeon
crop milk and factors affecting its production: a review. Poultry Science 102:102681
https://doi.org/10.1016/j.psj.2023.102681

18. Jorgensen, J. M., R. Young, P. Ashorn, U. Ashorn, D. Chaima, J. C. C. Davis, E. Goonatilleke, C.
Kumwenda, C. B. Lebrilla, K. Maleta, J. Sadalaki, S. M. Totten, L. D. Wu, A. M. Zivkovic, and
K. G. Dewey. 2021. Associations of human milk oligosaccharides and bioactive proteins with
infant morbidity and inflammation in malawian mother-infant dyads. Curr. Dev. Nutr. 5
nzab072.

19. Notarbartolo, V., M. Giuffre, C. Montante, G. Corsello, and M. Carta. 2022. Composition of human
breast milk microbiota and its role in children’s health. Pediatr. Gastroenterol Hepatol. Nutr.
25:194-210.

20. Pace DM, Landolt PA, Mussehl FE (1952) The effect of pigeon crop-milk on growth in chickens.
Growth 16: 279-285.

1333


http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0016
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0016
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0016
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0016
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0016
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0016
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0016
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0020
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0020
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0020
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0020
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0020
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0020
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0020
https://doi.org/10.3389/fmicb.2020.01789
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0024
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0024
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0024
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0024
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0024
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0024
https://doi.org/10.1371/journal.pone.0048363
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0047
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0047
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0047
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0047
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0047
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0047
http://evcilguvercin.blogspot.com.tr/p/guvercin-yetistiriciligi-1.html
http://evcilguvercin.blogspot.com.tr/p/guvercin-yetistiriciligi-1.html
http://evcilguvercin.blogspot.com.tr/p/guvercin-yetistiriciligi-1.html
http://evcilguvercin.blogspot.com.tr/p/guvercin-yetistiriciligi-1.html
http://evcilguvercin.blogspot.com.tr/p/guvercin-yetistiriciligi-1.html
http://evcilguvercin.blogspot.com.tr/p/guvercin-yetistiriciligi-1.html
http://evcilguvercin.blogspot.com.tr/p/guvercin-yetistiriciligi-1.html
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0051
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0051
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0051
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0051
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0051
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0051
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0051
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0051
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0052
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0052
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0052
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0052
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0052
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0052
https://doi.org/10.1016/j.psj.2023.102681
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0059
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0059
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0059
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0059
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0059
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0059
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0059
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0059
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0059
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0059
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0059
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0059
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0059
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0059
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0059
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0072
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0072
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0072
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0072
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0072
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0072
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0072
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0072
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0072
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0072
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0072
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0072

21.

22.

23.

24,

25.

26.

27.

28.

29.

/ /

(7 22" UBAK, 08 - 09 March 2025, Ankara (<~
UBAK UBAK

Sales, J., G. P. Janssens. 2003. Methods to determine metabolizable energy and digestibility of feed
ingredients in the domestic pigeon (Columba livia domestica). Poult. Sci. 82:1457-1461.

Wang, L, Zhu, J., Xie, P., Gong, D.2023 Pigeon during the Breeding Cycle: Behaviors, Composition
and Formation of Crop Milk, and Physiological Adaptation. Life 2023, 13, 1866.

Weber, W. 1962. On the histology and cytology of crop milk formation in the pigeon. J. Cell Res.
Microsc. Anatom. 56:247-276.

Xie, P., X. Y. Jiang, Z. Bu, S. Y. Fu, S. Y. Zhang, andQ. P. Tang. 2016. Free choice feeding of
whole grains in meat-type pigeons: 1. Effect on performance, carcass traits and organ
development. Br. Poult. Sci. 57:699-706.

Vandeputte-Poma, J. (1980). Feeding, growth and metabolism of the pigeon, Columba livia
domestica: duration and role of crop milk feeding. J. Comp. Physiol. B. 135, 97-99. doi:
10.1007/BF00691198

Yang, M.C., Vohra, P., 1987. Protein and metabolizable energy requirements of hand-fed squabs
from hatching to 28 days of age. Poult. Sci. 1987, 66, 2017-2023.

Yildirim, H., Dogan, U., Cimrin., T. 2018. Determination of the Morphological Characteristics of
Scandaroon Pigeon Growth in Hatay Province (Columba livia domestica). The
EurasiaProceedings of Science Engineering and Mathematics (EPSTEM). Volume: 2,
Page:368-375. ISSN:2602-3199

Zeng, Q. F., B. Zhang, and Z. W. Zhang. 2003. Study on crop milk (in Chinese). China Poult. 21:1—
<

Zhang, X.Y., Zhang, N.N., Wan, X.P., Li, L.L., Zou, X.T., 2017. Gene expression of amino acid
transporter in pigeon (Columbia livia) intestine during post-hatch development and its
correlation with amino acid in pigeon milk. Poult. Sci. 2017, 96, 1120-1131.

1334


http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0077
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0077
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0077
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0077
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0077
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0077
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0077
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0098
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0098
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0098
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0098
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0098
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0104
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0104
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0104
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0104
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0104
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0104
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0104
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0104
https://doi.org/10.1007/BF00691198
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0118
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0118
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0118
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0118
http://refhub.elsevier.com/S0032-5791(23)00204-3/sbref0118

@ 22" UBAK, 08 - 09 March 2025, Ankara C_/
UBAK UBAK

Makale id= 3
Poster Sunum

ORCID ID: 0000-0002-5021-5865; 0009-0009-5756-883X
Ortalama Pitot Tiip Tasariminda Etkili Parametreler

Dr. Ogretim Uyesi Muharrem Erdem Bogog:lul, Arastirmaci Durmus Ali Akil?
YYi1ldiz Teknik Universitesi
’Lonca Makina Sanayi A.S

*Corresponding author: Durmus Ali Akil

Ozet: Bu calisma, Pitot tiiplerin performansim artirmak icin dnemli tasarim parametrelerine isik tutmak ve
vapulacak optimal tasarimlarla endiistriyel uygulamalarda dogrulugu artirmayr amaglamaktadir. Pitot tiipleri,
akiskanlarin hiz ve debi dl¢iimlerinde yaygin olarak kullanilan temel cihazlardir. Girig béliimiinde, Pitot tiiplerinin
tanim, tarihgesi, kullamim alanlari ve tiirleri hakkinda genel bilgi verilmistir. Ortalama Pitot tiipleri, ozellikle
endiistriyel uygulamalarda daha yiiksek hassasiyet sunduklari igin tercih edilmektedir. Calismada, tasarim
parametrelerinin belirlenmesi ve optimizasyonu i¢in literatiir taramasi, FMEA analizi, CFD analizleri, test
tasarimlart ve regresyon analizleri gibi adimlar gergeklestirilmistir. Fark basing transmitterlerinin dogrulugunu
etkileyen delik capi, govde kesiti, delik sayisi ve konumu gibi parametrelerin akis kosullarindaki etkileri
incelenmistir. Testlerde elde edilen sonuglar, fark basincimn hizin karesiyle orantili olarak degistigini ve govde
tizerindeki delik sayisimin akis hizi algilama dogrulugunu artirdigini géstermistir. Ancak, delik sayisimn artmasi
basing diisiislerine yol agabileceginden, optimum bir denge saglanmasi gerektigi anlasilmigtir. Sonug olarak, en
verimli Pitot tiip tasarimi i¢in elmas kesitli bir gévde yapisi ve 2-2-2 konfigiirasyonunda 7 mm delik ¢apina sahip
bir tasarim onerilmistir.

Anahtar Kelimeler: Pitot Tiip
Effective Parameters in Averaging Pitot Tube Design

Abstract: This study aims to highlight key design parameters to enhance the performance of Pitot tubes and
improve accuracy in industrial applications through optimal designs. Pitot tubes are fundamental devices widely
used for measuring fluid velocity and flow rate. The introduction provides an overview of Pitot tubes, including
their definition, history, applications, and types. Averaging Pitot tubes are particularly preferred in industrial
applications due to their higher precision. The study involved several steps, including a literature review, FMEA
analysis, CFD simulations, test designs, and regression analyses to determine and optimize design parameters.
The effects of parameters such as hole diameter, body cross-section, hole number, and position on differential
pressure transmitters' accuracy under different flow conditions were examined. The results indicated that
differential pressure varies proportionally with the square of velocity and that increasing the number of holes
improves flow velocity detection accuracy. However, an excessive number of holes can lead to pressure losses,
requiring an optimal balance. As a result, the most efficient Pitot tube design was determined to have a diamond-
shaped body with a 2-2-2 configuration and 7 mm hole diameter.

Keywords: Pitot tube, differential pressure transmitter, CFD flow analysis method, test design, regression
analysis.

GIRIS
Pitot tiipleri, akiskanlarmn hiz ve debi Ol¢iimlerinde kullanilan temel cihazlar arasinda yer alir ve
endiistriden ¢evre mithendisligine kadar genis bir uygulama alanina sahiptir. Fransiz mithendis Henri
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Pitot tarafindan 18. yiizyilda gelistirilen bu tiipler, akiskanlarin dinamik ve statik basinglarim 6lgerek
hiz belirlemede 6nemli bir role sahiptir.

Ik basta nehirlerde ve laboratuvar uygulamalarinda kullanilan Pitot tiipleri, giiniimiizde hem s1v1 hem
gaz akiglarimin kontrol edilmesinde ¢esitli sekillerde yaygin olarak kullanilmaktadir. Basit yapist ve
yiiksek hassasiyeti sayesinde tanklar, kanallar, toprak alt1 su akiglari, havalandirma sistemleri ve hatta
ucaklarin hiz 6l¢lim sistemleri gibi birgok ortamda yer alir.

Ortalama Pitot tiipleri, standart Pitot tiiplere kiyasla daha fazla hassasiyet sunar, ¢iinkii akigkanin tim
kesiti boyunca ortalama bir hiz 6l¢limii yaparak, akig karakteristiklerini daha dogru bir sekilde temsil
ederler. Bu nedenle, modern endiistriyel uygulamalarda, 6zellikle enerji santralleri, petrokimya tesisleri,
su ve atik su yonetimi gibi alanlarda siklikla tercih edilmektedirler.

Pitot tiipleri temel olarak standart, akiskanin statik ve dinamik basinglarinin ayr1 noktalardan 6l¢iildiigii
ve bu iki basing arasindaki farkin, akis hizin1 belirlemek igin kullanildig: diferansiyel tip ve belirli bir
Olgtim araliginda siirekli veri saglamaya yonelik tasarlanmis, kendi iginde entegre 6l¢iim ve hesaplama
devrelerine sahip olan entegre sistemli tiip olarak ayrilabilir. Her bir tiip tipi, belirli uygulama alanlarinda
en uygun ¢oziimil saglamak iizere gelistirilmistir. Ortalama Pitot tiipii, diferansiyel tiipler sinifina girer.
Genellikle akiskanin farkli noktalarindaki basinglar1 birlestirerek akis profilinin genel ortalamasini

o
§I

il

Alcak Yiiksek [J| Al¢ak
Maksimum  basing — basing Nl ’/b—ail-nq

akis hiz1 \ - i —

- =~ —- || —

e - bl =

E’uksek Ortalama
astng akis hizi
(@) (b)

Sekil 1. Geleneksel Pitot tiipii (a) ve ortalama Pitot tiipii (b).

Ortalama pitot tiipti, geleneksel Pitot tiiplinden daha giivenilir ve hassastir. Bu nedenle, endiistride
swvilarin, gazlarin ve buharlarin akigini 6lgmek icin daha cok tercih edilir.

Ancak, bu tiiplerin verimli bir sekilde tasarlanmasi ve dogru sonu¢ vermesi igin bazi kritik
parametrelerin géz oniinde bulundurulmas: gerekmektedir. Cap, uzunluk, deliklerin yerlesimi ve akis
yonii gibi tasarim parametreleri, Pitot tiiplerin hassasiyetini ve performansini dogrudan etkiler. Bu
caligmanin amaci, 6zellikle standart Pitot tiiplerinin tasariminda etkili olan bu parametrelerin, cihazin
performansina olan etkilerini incelemektir.

Pitot tiip akis 6l¢cerin yapisi ve calisma prensibi
Pitot tiip iki temel elemandan olusmaktadir. Bunlar,
a. Pitot tiip gdvdesi

b. Fark basing transmitteri

1336



Q 22" UBAK, 08 - 09 March 2025, Ankara C_/
UBAK UBAK

Pitot tiip govdesi akisa karsi olan yiiksek basing bolgesi ve diger taraftaki diisiik basing bolgesi olarak
iki bolmeli bir yapiya sahiptir. Her iki taraftaki basing etkilerini algilamak i¢in uygun capta ve konumda
delikler vardir. Korozyondan etkilenmemesi i¢in genelde paslanmaz ¢elikten yapilir. Boru diginda kalan
gbvde pargasi lizerinde iki adet ¢ikistan akiskan fark basing transmitterine yonlendirilmektedir.

Basing gostergesine

baglanan fark basing
cikist
Yiiksek o Diistiik
=
basing .:[ o l:. basing
Boru
¢ T ]
=
= 0
Akiskan = 0 Pitot tube
= “— govdesi
= &
=N
= 0
N

Sekil 2. Ortalama Pitot tliplin yapisi.

Giristeki dinamik basing ve ¢ikistaki statik basing tarafindan olusturulan fark basinci, i¢in daha dogru
akis hiz1 6l¢timiinii miimkiin kilmak i¢in delik sayis1 fazladir.

Cift yonlii 6lciim i¢in konsept, akis dl¢lim cihazinin statik basing tarafi, dinamik tarafindaki uzunluktan
%1,5 daha kisa mesafede deliklerle tamamlandig1 sdylenmektedir.

Ortalama pitot tiipii, bir boru hatt1 veya kanaldaki bir hiz gradyaninda merkez hattinin {ist kismindaki
akiskan hizinin %80'1 ile ve merkez hattinin alt kismindaki akiskan hizinin ise %70'1 ile ¢alisacak sekilde
ayarlanmasi 6l¢iim hatalarini minimum yapabilir.

Pitot tiip akis 6lgerin temel ¢alisma prensibini Bernoulli denklemi ile ifade etmek miimkiindiir.

Bu ifade tiirbiilansh akis i¢in sadelestirilerek bir borudaki fark basinci ([/P) ile hacimsel akis hizi
arasindaki iliski asagidaki gibi yazilmaktadir.

Q=Kyap
Q: Hacimsel akis (m%/s)

K: Ortalama pitot tiipiin akis katsayist.
[/p: Ortalama pitot tiipiindeki fark basinci (Bar)

YONTEM

Pitot tiip tasarim parametreleri iizerine yapilacak aragtirmanin temel adimlarmi ve her adimin kisa
aciklamasimi asagidaki gibi siralayabiliriz:

°  Literatiir aragtirmasi siirecinde ayn1 zamanda patent sinirlamalarindan etkilenmemek amaciyla

konuyla ilgili patentler arastirilarak farkli konfiglirasyonlar olusturulmustur.
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Hata tiirii ve etkileri analizi (FMEA) pitot tliplin tasariminda karsilasilabilecek performansi ve
giivenilirligi riske atabilecek potansiyel hata tiirleri belirlenmektedir

Hesaplamali akigkanlar dinamigi (CFD) analiz modeli hazirlama ve dogrulama iglemleri
yapilmistir. Dogrulama igin gergek ortam testleri bir model ile firmadaki test diizenegi kullanilarak
yapilmis ve veriler kaydedilmistir.

Test tasarimu, pitot tiipiiniin farkli akis hizlari, basing kosullar1 ve yonelmelere maruz
birakilmasini igermektedir.

Testlerin gerceklestirilmesi ile CFD analizleri dogrulanmaktadir.
Regresyon analizi ile etkili parametreleri saptanmaktadir

Parametrelerin optimizasyonu ve kontrolii ile bu parametrelerin en uygun degerleri
belirlenmektedir

°  Sonuglarin degerlendirilmesi

Arastirmanin sonunda, yapilan analizlerin ve testlerin sonuglar1 6zetlenmistir. Pitot tiip tasariminda
etkili olan parametrelerin belirlenmesi ve optimizasyon siirecinde elde edilen iyilestirmeler
degerlendirilmistir.

Hasar modu analizi (FMEA)

FMEA analizinde debi, govde kesiti, delik ¢api, deliklerin sekli, sayis1 ve konumlarinin, etkilerini
incelenmistir. Pitot tiip akis dlcerlerde FMEA analizi ile potansiyel hata modlari tespit edilerek, bu
hatalarin oniine gecmek icin gerekli Onleyici tedbirler alinabilir. Kalibrasyon, montaj, tikanma ve
korozyon gibi faktorler, Pitot tliplerinin dogru calismasini etkileyen baslica unsurlar arasindadir.
Diizenli bakim, dogru malzeme se¢imi ve uygun montaj islemleri, sistemin giivenilir ve uzun 6miirli
olmasini saglayacaktir.

Test tasarim

Hali hazirda bu tip debi dlcer cihazlar yurt disinda iiretilmektedir. Bu nedenle tersine miihendislik
yontemi uygulanabildigi i¢in bazi parametreler sabit tutulacak sekilde klasik test tasarim yontemi
benimsenmistir. Buna gore tasarim parametrelerinden bir kismi degistirilerek testler yapilmistir. Burada
testler bilgisayar ortaminda SolidEdge programinda CFD simiilasyonlar1 ile gerceklestirilmistir. Mevcut
bir numune ile yapilan gercek ortam testleri ile CFD analiz sonuglar1 dogrulanmig ve farkli parametre
seviyeleri i¢in CFD analizi yapilmistir. Farkli gévde kesitleri, delik caplari, sayilar1 ve konumlarinin
konfigiirasyonlar1 yapilarak 9 farkli debi degerinde testler yapildi ve en verimli delik konfigiirasyonlari
icin ¢ikarimlar elde edildi.

Test parametreleri

a | Delik caplar1 (mm) 7.85 6.85

b | Pitot tiip govde kesiti Elmas Asimetrik

¢ | Delik girisi sekli Havsa Diiz

d | Delik konumu ve sayist 3.,4,5 ve 6 delikli 6 farkli kombinasyon

Tablo 1. ilk analizlerde kullanilan parametreler
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Sekil 3. Test parametreleri (Tablol).

(@)

=

1-1-1

Regresyon analizi

Regresyon analizi, iki veya daha fazla degisken arasindaki iliskiyi inceleyen bir istatistiksel yontemdir.
Bu analizde tasarim hedefi Pitot tiip govdesindeki fark basing olarak belirlenmistir. Fark basincinin
artmas1 daha diisiik maliyetli basing transmitterlerini kullanmayr miimkiin kilmakta ve debi 6l¢iim
hassasiyetini arttirmaktadir.

Regresyon Analizinin Amaglari

o

o

o

(o]

(o]

Tahmin

Gegmis verilerden yola ¢ikarak gelecekteki olaylari tahmin etmek.
[liskiyi Anlamak

Kontrol ve Karsilastirma

Hipotez Testi

Pitot tiip i¢in Excel kullanilarak asagidaki gibi dogrusal regresyon analizi yapmak yeterli goriilmiistiir.

OZET

Regression Istatistikleri

Multiple R 0.9955
R Square 0.9911

Adjusted R Square 0.9904

1339



Q 22" UBAK, 08 - 09 March 2025, Ankara C_/

UBAK UBAK

Coefficients | Standard Error | tStat | P-value | Lower 95% | Upper 95% | Lower 95.0% | Upper 95.0%
Kesisim -336.632 20.711 | -16.3 0.000 -377.8 -295.4 -377.82 -295.44
Debi 0.319 0.003 | 95.9 0.000 0.31 0.33 0.312 0.326
Govde Kesiti -7.911 6.865 -1.2 0.252 -21.56 5.74 -21.565 5.742 | 340
Delik Cap1 6.828 6.865 | 0.99 0.323 -6.826 20.48 -6.826 20.481
Delik Sekli -1.939 6.865 -0.3 0.778 -15.59 11.71 -15.592 11.714
Delik Konumu -17.971 4.459 -4.1 0.000 -26.84 -9.10 -26.839 -9.103
Delik Sayisi -3.970 2.102 -1.9 0.062 -8.15 0.21 -8.150 0.211

Bu analiz “R Square” degerine gore %99 oraninda anlamlidir.
P<0,05 olan degerler test parametreleri olarak etkilidir, tabloda goriildiigi gibi bunlar:

Debi, delik konumu, delik sayisidir. Burada delik sayisinin p degeri 0,05 degerine yakin oldugu i¢in
dikkate alinmas1 uygun goriilmiistiir.

Buna gore testlerin bu ii¢ parametrenin farkli degerleri i¢in yapilmasi yeterli olacaktir.
TESTLER

Akis Kosullar1 agsagidaki gibi kabul edilerek bilgisayar ortaminda hazirlanan modeller iizerinde etkili
parametreler kullanilarak testler yapilmustir.

Debi Basing Farki
730 ?308—/—,»-
605,2 L 1
/ T |
620 - [ 7 7227
577.5 — | F
——@7,85 mm NG 7
= ——@6,85 mm \ _‘;_:;-,4:"" \ - 5984
£ 490 : 571
1
&
= 410
w
& :
330
226,1 .
250 1837 | 7 ‘s
/""’F 2236
170 = 181,7

1700 1900 2100 2300 2500 2700 2900 3100 3300 3500
Debi It/dk

Sekil 4. iki farkli delik cap igin debilere gére fark basinglarinin degisimi
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Debi Basing Farki
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Sekil 5. Diiz ve havsa agilmis delik geometrileri igin debilere gore fark basinglarinin degisimi

Debi Basing Farki
770
670 ——4DELIKLI 2-2
—— 3 DELIKLI
H -1 § i -
-g 570 4 DELIKLI 1-2-1
E
& 470 4056 \ ;’40715_
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= \ \"."J//
@ 2876 | 3365 A
;‘E 370 | 1 // i ~—389,6
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[r1899 |/ " 275,
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Sekil 6. Yiiksek ve diisiik basin bolgelerinde tek tarafta 3 ve 4 adet delik bulunan konfigiirasyonlar
icin debilere gore fark basinglarinin degigimi.
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Sekil 7. Yiiksek ve diigiik basin bolgelerinde tek tarafta 5 ve 6 adet delik bulunan konfigiirasyonlar
icin debilere gore fark basinglarinin degisimi

Debi Basing Farki
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Sekil 8. Elmas ve asimetrik elmas govde kesitleri i¢in debilere gore fark basmglarmin degisimi.

Test sonuclari

Yapilan testlerde en 6nemli beklenti, fark basing sensdriiniin yiiksek ¢oziiniirliikte caligmasi i¢in, Pitot
tiip govdesinin i¢indeki fark basincinin degisen debilerde miimkiin oldugu kadar yiiksek degerde
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olmasidir. Burada dinamik basing artigina sebep olan akiskan hizi fark basmcm etkileyen en énemli
parametrelerden biridir.

Pitot tiipiin gdvdesinin 6niindeki ve arkasindaki akis hizlarini etkileyen en 6nemli parametre tiipiin en
kesitinin geometrisidir.

TARTISMA VE SONUC

Bilgisayar ortaminda CFD analizleri kullamilarak yapilan testlerde akis kosullar1 asagidaki gibi
belirlenmistir:

°  Akis tipi laminer ve tiirbiilansli akis segilmistir.

°  Akis prosesi hizl1 gelismekte olup adyabatik tipte secilmistir dolayisiyla akiskan ile metal boru
cidar1 arasinda 1s1 aligverisi dikkate alinmamustir.

°  Yiizey piriizliliigiin etkileri hesaplara dahil edilmemistir.

°  Ortam kosullar1 agsagidaki resimde verildigi gibi kabul edilmistir.

°  Analizlerde sistem girisinde dokuz farkli debi degeri tanimlanmustir.

°  Analizlerde sistem ¢ikis parametreleri olarak ortam basinci ve sicakligi tanimlanmistir.

Test sonuglar1 sekil 4’den sekil 8’e kadar grafiklerle verilmektedir. Burada grafiklerin diklesmesi ayni
debi degisimi araliginda fark basmcinin dolayist ile fark basing transmitterinin ¢ozlinlirliigiiniin arttigini
gostermektedir.

Fark basincinin hizin karesi ile orantili olarak degistigi anlasilmaktadir. Buna gore boru i¢indeki akis
hizinin pitot tiip gévdesi tarafindan dogru algilanmasi ve tekrarlanabilirlik hatalarmin minimum olmasi
onemlidir. Bu nedenle ortalama pitot tiiplerde tiip gdvdesine ¢ok sayida delik delinerek ortalama akis
hizinin algilanmasi daha dogru bir yaklagimdir. Ancak burada dikkat edilmesi gereken diger bir hususta
¢ok sayida deligin giris ve cikis basing diisiistinii olumsuz etkiledigidir. Bu durum analizlerle tespit
edilmistir. Yapilan analizlerde delik ¢apinin ve delik seklinin basmg diisiisiine etkisinin ¢ok az oldugu
gozlenmistir Delik sayis1 ve dizilimleri degistirildigi takdirde en kotii durum analizlerinde basing
diististine etkisinin %9'u gegmedigi goriinmiistiir.

Farkli pitot tiipii govde kesitleri incelendiginde de en uygun kesit tipinin elmas kesit oldugu
anlagilmistir. Bu degerlendirmelerin 1s1g1nda prototip iiretim i¢in pitot tiip govdesi elmas kesit, yiiksek
ve alcak basing bolgelerinde 2-2-2 konfigiirasyonunda 7 mm delik ¢apinda olacak sekilde saptanmistir.
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Ozet: Bu calismada; Tiirkiye Istatistik Kurumu 'ndan alinan 2008-2018 yillar: arasinda Tiirkiye 'de islenmis bazi
sug verileri kullanilmistir. Bu suglar yedi cografi bolgeye gore yeniden diizenlenmigtir. Dogu Anadolu Bolgesi ve
2008 yili referans alimarak farkli modeller karsilastirilmistir. Calismada Poisson regresyonu, negatif binomial
regresyon, sifir deger agirlikli Poisson regresyonu, sifir deger agirlikli negatif binomial regresyon ile Hurdle
Poisson ve Hurdle negatif binomial yontemlerin performansi karsilastirilmistir. En iyi modelin belirlenmesinde
AIC istatistigi kullamlmuistir. Model karsilastirmasinda ise Vuong istatistigi kullanilmistir. Uyum olgiitlerine gore
en iyi model Hurdle negatif binomial regresyon se¢ilmistir. Hurdle negatif binomial regresyonda, Karadeniz
bélgesi hari¢ diger tiim bélgelerin Dogu Anadolu bélgesine gére, Uyusturucu veya uyarict madde kullanma-satin
alma sugu istatistiksel olarak anlamli bulunmustur (p<0.01). Ayrica 2008 yilina gére diger tiim yillarda
uyusturucu veya uyarict madde kullanma-satin alma su¢u onemli bulunmustur (p<0.001). Uyusturucu kullanma
sugu ile hirsizltk, uyusturucu satisi, adam oldiirme suglart arasinda pozitif yiiksek iliski saptanms, yillara gore
(2008-2018) tiim suglarda ciddi artiglarin meydana geldigi, bu artislarin ozellikle biiyiik kentlerin oldugu
bélgelerde yogun oldugu gosterilmistir. Uyusturucu kullanma sugunun ekonomik, sosyolojik ve psikolojik
vonlerinin de arastirilarak acil onlemlerin alinmasi gerektigi vurgulanmustir.

Anahtar Kelimeler: Uyusturucu Kullanma Sucu, Poisson Regresyon, Hurdle Modeller, Asurt Yayilim

The Examination of the Relationship of Use and Purchase of Drug With Other Crimes With Hurdle
Regression Models

Abstract: In this study; some crime data of Turkish Statistic Institute between 2008 and 2018 were used and
different regression methods were compared by using dependent variables. These crimes were reorganized into
seven geographical regions. The crime rates of the regions were compared with reference to the Eastern Anatolia
Region, and the years were compared with reference to 2008. In this study, the performance of Poisson regression,
negative binomial regression, zero-inflated Poisson regression and zero-inflated negative binomial regression
were compared versus Hurdle Poisson and Hurdle negative binomial models. AIC statistic was used to determine
the best model. In model comparison, Vuong statistics were used. Hurdle negative binomial regression was chosen
the best model according to the other models. In case of all other regions compared to the Eastern Anatolia region,
use and purchase of drugs crime was found statistically significant, excluding the black sea region (p<0.01). In
case of all other years compared to 2008, use and purchase of drug crime was found statistically significant
(p<0.01). It has been determined that there is a high positive relationship between the crime of drug use and the
crimes of theft, drug sales, and homicide, and it has been shown that there has been a serious increase in all crimes
over the years, and these increases are especially intense in regions where large cities are located. It was
emphasized that urgent measures should be taken by examining the economic, sociological and psychological
aspects of drug use crime.

Keywords: Use and Purchase of Drug Crime, Poisson Regression, Hurdle Models, Overdispersion.

| 344



/ /

(7 22" UBAK, 08 - 09 March 2025, Ankara (<~
UBAK UBAK

GIRIS
Ulkemizde yapilan ¢ahismalarda madde kullanim ile sug arasinda bir iliski goriilmektedir. Istanbul’da

su¢ prevalansi yiiz bin kiside 186.73 iken, 2180 madde bagimlisi arasinda 1878 kisi hayatlarmin bir
doneminde en az bir kez sug isledigi gézlenmistir (Alpay, Karamustafalioglu ve Kiikiirt, 1995).

Madde kullanimu iilkeler i¢in bir¢ok agidan onemli sorunlar yaratmaktadir. Bunlar arasinda saglik,
ekonomik, adli vb sorunlar sayilabilir. Madde kullanan kisiler arasinda su¢ isleme ve yasalara karsi
gelme davraniginin olmasi da, madde bagimliligiin 6nemli bir toplumsal yoniinii yansitmaktadir.
Madde temin edebilmek i¢in hirsizlik, yasadisi ve ahlaka aykiri eylemlerde bulunanlar ve madde satmak
zorunda kalanlarin tercih maddelerine gore dagilimina bakildigi zaman, bu tir eylemlerin eroin
kullanicilart arasinda yaygin oldugu gézlenmektedir (Ogel, Tamar, Evren ve Hizlan, 1999).

Maddelerin etkileri dolayisiyla kisiler dogrudan ya da dolayli olarak yeni bir takim sug islemeye
yonelmektedir. Bagimli olan kisi kendisinin toplum tarafindan suglu ve ahlaksiz biri olarak sayilmak
suretiyle dislandigini da bilmektedir. Madde kullanimi nedeniyle is performansinda giderek diisen ve
ekonomik kriz igine giren kisi ihtiyaci olan maddeyi temin edebilmek i¢in hirsizlik, uyusturucu madde
saticilig1 ya da kuryeligi veya fuhus gibi suglar islemeye hazir hale gelmektedir. Ayica bazi profesyonel
suclarin (katil, hirsizlik vb.) ihtiya¢ duydugu asir1 cesaretin saglanmasinda psikoaktif maddeler sug ile
ilginin bir halkasini olusturmaktadir (Alpay, Karamustafalioglu ve Kiikiirt, 1995).

Bu ¢alismada kullanilan suglar sayima dayali olarak elde edilmistir. Sayima dayali olarak elde edilen,
verilerin analizinde Poisson regresyonu kullanilmaktadir (Cameron ve Trivedi, 1998). Poisson
dagilminin ortalamasi ile varyansi birbirine esittir (Agresti 1997). Bu esitliginin saglanmaz ise
¢ogunlukla asir1 yayilim (varyansin ortalamadan biiylik olmasi durumu) goriiniir. Bu asir1 yayilimin
etkisini gideren yontemlerden biri negatif binom regresyondur (Agresti 1997; Hilbe 2007). Eger bagimli
degiskende sifir (0) degerler fazla ise bu durumda sifir deger agirlikli Poisson (Zero Inflated Poisson =
ZIP), sifir deger agirlikli negatif binomial (Zero Inflated Negative Binomial=ZINB), Hurdle Poisson,
Hurdle Negatif Binomial regresyonlar: kullanilabilir. (Lambert, 1992; Dalrymple, Hudson ve Ford,
2003; Jansakul ve Hinde, 2009; Yesilova, Kaya, Kaki ve Kasap, 2010).

Bu calismada Tiirkiye’de islenmis baz1 su¢larin (hirsizlik, kagakeilik, uyusturucu veya uyarict madde
imal ve ticareti, oldiirme, cinsel suglar) uyusturucu veya uyarict madde kullanma-satin alma sugu ile
iligkisi ve bu suclarin yillara ve bolgelere gore degisimi istatistiksel olarak incelenmistir.

YONTEM

Madde kullanan kisiler, hirsizlik, uyusturucu madde saticiligi ya da kuryeligi veya fuhus gibi suglari
islemeye hazir hale gelmektedir. Ayica bazi profesyonel suclarin (katil, hirsizlik vb.) ihtiya¢ duydugu
asir1 cesaretin saglanmasinda psikoaktif maddeler sug ile ilginin bir halkasini olusturmaktadir (Alpay
Karamustafalioglu ve Kiikiirt,1995). Bu nedenle modele uyusturucu veya uyarict madde imal ve ticareti,
cinsel suclar, oldiirme, hirsizlik, kacakeilik gibi suglar dahil edilmistir. Calismada uyusturucu veya
uyarict madde kullanma-satin alma sucu bagimli degisken; uyusturucu veya uyarict madde imal ve
ticareti, cinsel suclar, dldiirme, hirsizlik, kacakeilik suclari ile yillar ve bolgeler de bagimsiz degiskenler
olarak ele alinmistir. 2008-2018 yillar1 arasindaki bu veriler analiz edilirken 2008 y1il1 referans olarak
alimmig ve diger yillardaki degisim bu yila gore yorumlanmistir. Bolgeler arasinda ise Dogu Anadolu
Bolgesi referans olarak alinmistir.

Hurdle model sifir degerlerinin ¢ok oldugu veri kiimelerinin analizinde kullanilan alternatif bir
yontemdir (Dalrymple, Hudson ve Ford 2003). Hurdle model iki kisimdan olusmaktadir. Kisimlardan
birincisi, sifir sayimlara (0) kars1 pozitif sayimlar1 (1) gosteren binary (ikili) cevaplari, ikinci kisim ise
yalniz pozitif sayimlar1 (sifirdan biiyiik degerler) gosteren siiregtir. Binary cevaplar binary model
kullanilarak modellenmektedir. Pozitif sayimlar ise sifir deger- smirlandirilmis sayima dayali (zero-
truncated count) model kullanilarak modellenmektedir (Long ve Freese, 2005; Martin, Rose,
Wannemuehler ve Plikaytis, 2006; Hilbe, 2007).
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Poison Hurdle i¢in log-olabilirlik fonksiyonu;

L=>xp- Z log(1+exp(x,8) + D _[yiz;x —exp(z,c) - log(1+ exp(—exp(z,x))) - log y;!)

y;i>0 i=1 y;i>0

=L(p)+L(a)

L(B) ve L(a) maksim olabilirlik tahminlerinden maksimize edilerek elde edilebilir (Lachenbruch, 2002;
Min ve Agresti, 2005).

Bu calismada parametre tahminlerinde kullanilan negatif binomial hurdle modelin log-olabilirlik
fonksiyonu asagidaki sekilde verilebilir (Long ve Freese, 2005; Hilbe, 2007).

L = cond{y = 0,In(1 / (1 — exp(xb1), (In(exp(xb1))/1 + exp(xb1) +
yin(exp(xb)/1 + exp(xb) — In(1 + exp(xb)/a)) + InT'(y +

1/a) — InT (%) —In(1— (1 + exp(xb))(— 1/a)}

Caligmada ele alinan bagimli degiskende 891 degerden 163’1 yani (891/163=18.2) yaklagik yiizde 18’1
sifir degerden olusmaktadir. Bu nedenle modele Poisson ve negatif binomial regresyon modelleri yani
sira, sifir deger agirlikli modeller (ZIP, ZINB) ve Hurdle modeller (Hurdle-P, Hurdle-NB) de
uygulanmustir. Bu model karsilastirmalari yapilirken, en iyi modelin belirlenmesinde Akaiki bilgi kriteri
(Akaiki Information Criteria=AIC) kullamilmaktadir (Sileshi, 2008).

Veri Toplama Araclari

Calismada kullanilan veriler TUIK’in 2008-2018 yillar1 arasmi kapsayan bazi sug verilerinden
olusmaktadir. Bu veriler il bazinda alinmig ve 7 cografi bolgeye gore yeniden diizenlenmistir. Bu suglar;
uyusturucu veya uyarict madde kullanma-satin alma, uyusturucu veya uyarict madde imal ve ticareti,
cinsel suclar, 6ldiirme, hirsizlik, kacakeilik sucu olarak ele alinmustir.

Verilerin Analizi
Istatistiksel analizler icin R ve SAS istatistik yazilim programlari kullanilmistir.
BULGULAR ve YORUMLAR

Calismada kullanilan degiskenlere ait tanitici istatistikler Tablo 1°de verilmistir. Tablo 1°de
degiskenlere iligkin standart sapmalarin ortalamalarmdan yiiksek oldugu goriilmektedir.

Tablol. Degiskenlere ait tanitic istatistikler

Degisken Ortalama Standart Minimum Maksimum N
Sapma deger deger

Cinsel Suglar  41.547 74.905 0 896 891
Hirsizlik 262.916 596.851 0 8058 891
Kagakeilik 38.144 78.774 0 1003 891
Oldiirme 74.501 130.566 0 1568 891
Uyusturucu 39.775 151.458 0 2761 891
kullanma

Uyusturucu 110.914 275.784 0 3087 891

satis1
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Bagimh Degiskenin (Uyusturucu veya Uyarici Madde Kullanma-Satin Alma Sucu)
Modellenmesine Iliskin Analiz Sonuglari

Uyusturucu veya uyarici madde kullanma-satin alma sugunun ortalamasi 39.775, varyansi 22921 olarak
elde edilmistir (Tablo 1). Varyans ortalamadan oldukga yiiksek ¢ikmistir. Bu durum degiskende asir1
yayilimin oldugunu gostermistir. Asir1 yayilimin yani sira, ortalama ile varyans arasindaki farklilik,
bagimli degiskende sifirlarin varligini da ortaya koymustur. Tablo 3’te bagimli degiskenin asir1 yayilim
testi sonuglart verilmigtir. Tablo 3’e gore bagimli degiskende asir1 yayilim tespit edilmistir. Poisson
regresyonunda asir1 yayilimin 1 degerinden biiyiik ¢ikmasi asir1 yayilim olarak kabul edilir. Tablo 3’te
asirt yayilim degeri oldukca yiiksek bulunmustur. Bu durum Poisson regresyonun kullanilmasinin
parametre tahminleri agisindan sorun olacagini géstermektedir. Sekil 1’de verilen grafigin oldukca saga
carpik olmasi bu sonucu desteklemektedir.

Bagimli degisken toplam 891 veriden olusmaktadir ve bunun 163’ yani yaklasik %181 sifir deger
olarak tespit edilmistir. Sekil 1’de dagilim oldukga saga carpik olarak elde edilmistir.

=
= —
[==]

frequency
400
|

200
|

T T T T T T
o 500 1000 1500 2000 2500

uyusturucu_kullanma

Sekil 1. Uyusturucu veya uyarict madde kullanma-satin alma sugunun dagilimi.

Uyusturucu veya uyarict madde kullanma-satin alma sugunun bolge ve yillara gore degisimi Sekil 2°de
verilmistir.

2008 2010 2012201420162018
N Y Y Y

Sekil 2. Uyusturucu veya uyarict madde kullanma-satin alma sugunun bolge ve yillara gére dagilimm
(1: Marmara, 2: Ege, 3: i¢ Anadolu, 4: Karadeniz, 5: Akdeniz, 6: Dogu Anadolu, 7: Giiney Dogu).
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Uyusturucu veya uyarict madde kullanma-satin alma sugunun ¢aligmada modele dahil edilen diger
suclarla olan iligkisi Sekil 3’te verilmigtir.

—t— cinsel_suclar

—2— hirsizlik

—=— kacakcilik

—4%— oldurme
uyusturucu__satisi
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Sekil 3. Uyusturucu veya uyarict madde kullanma-satin alma ve bagimsiz degiskenler arasindaki
iligki.

Calismada modele dahil edilen suglar arasindaki korelasyon Sekil 4’teki gibi elde edilmistir.

uyusturucu_kullanm

cinsel_suclar
uyusturucu_satisi
kacakeilik

oldurme
hirsizlik

oldurme 1 /0.930.950.940.860.63
cinsel_suclar 0.93 1 0.960.850.840.63

N RO o

hirsizlik 0.950.96 1 0.91 0.9 0.71
uyusturucu_satisi 0.940.850.91 1 0.840.68
uyusturucu_kullanma 0.860.84 0.9 0.84 1 0.69

oo BN

kacakcilik 0.63/0.63/0.71/0.680.69 1

Sekil 4. Degiskenlerin Spearman korelasyon katsayilar

Tiim degiskenler arasinda yiiksek pozitif iligki tespit edilmis ve bu degerler istatistiksel olarak énemli
bulunmustur (p<0.001).

Uyusturucu veya uyarict madde kullanma-satin alma sugunun en yiiksek pozitif korelasyona sahip
oldugu hirsizlik sugunun yillara gore degisimi Sekil 5’ te verilmistir.
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Sekil 5. Hirsizlik sugunun yillar ve uyusturucu veya uyarict madde kullanma-satin alma sugu ile iligkisi.

Uyusturucu veya uyarici madde kullanma-satin alma sugunun 6zellikle 2008 yilindan sonra ¢ok biiyiik
bir artis gosterdigi, 2018 yilinda ise en yiiksek ortalamaya sahip oldugu tespit edilmistir. Bu suga ait
yiikselis trendinin 6zellikle 2008 yilindan sonra basladigi resmi raporlarda da ortaya ¢ikmaktadir. 2010
Tiirkiye Uyusturucu Raporu, EMCDDA Standart tablolarinda bu kirilma noktasi gézlemlenmistir (Sekil
6, Sekil 7, Sekil 8).

140000 126099
120000
100000
oy 8196
r'roovsg
80000
60000 4681
40000 28734 32101
21856
20000 1054 1369
0
2006 2007 2008 2009 2010
m Olay Sayis1 mSipheli Sayisi

Sekil 6. Yillara Gore Olay ve Siipheli Sayilar1 (2010 Tiirkiye Uyusturucu Raporu, EMCDDA Standart
Tablolar1).
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Sekil 7. Yillara Gore Toplam Eroin Olay Sayis1 (2010 Tiirkiye Uyusturucu Raporu, EMCDDA
Standart Tablolari).
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Sekil 8. Yillara Gore Toplam Esrar Olay Sayis1 (2010 Tiirkiye Uyusturucu Raporu, EMCDDA
Standart Tablolar1).

Olusturulan modele; Poisson (PR), negatif binomial (NB), sifir deger agirlikli Poisson (ZIP), sifir deger
agirlikli negatif binomial (ZINB), Hurdle Poisson (Hurdle P) ve Hurdle negatif binomial (Hurdle NB)
regresyonlar1 uygulanmis olup, elde edilen AIC degerleri ve Vuong test istatistikleri sonucu modeli en
iyi agiklayan regresyon yontemi Hurdle NB olmustur.

Model uyum o6lgiitlerine gore en iyi model Hurdle-NB secildiginden dolayi, Hurdle-NB log ve logit
baglant1 fonksiyonlu parametre tahminleri ve standart hata degerleri Tablo 3 ve Tablo 4’te verilmistir.

Tablo 3°te; Hurdle-NB parametre tahminleri sonucuna goére oldiirme sugu (p<0.001) istatistiksel olarak
onemli bulunmustur. Oldiirme sucu uyusturucu kullanma sugunu binde 1 arttirmustir. Y1l degiskeni
istatistiksel olarak énemli bulunmustur (p<0.001). 2008 y1li referans olarak alindiginda diger yillardaki
degisimler uyusturucu kullanma sugunda ¢ok biiyiik bir yiikselis oldugunu gdstermistir. Ciinkii 2008
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yili uyusturucu kullanma sugu Tiirkiye ortalamasi 1 den kiigiik (0.43) iken 2018 yilinda bu ortalama
120’nin tizerinde (128.07) olarak tespit edilmistir.

Uyusturucu veya uyarict madde kullanma-satin alma sugunda 2008 yilina gore; 2009 yilinda 20.61 kat,
2010 yilinda 15.33 kat, 2011 yilinda 13.19 kat, 2012 yilinda 9.29 kat, 2013 yilinda 15.33 kat, 2014
yilinda 14.15 kat, 2015 yilinda 17.81 kat, 2016 yilinda 24.77 kat, 2017 yilinda 46.99 kat, 2018 yilinda
ise 64.71 kat artis gergeklesmistir. Uyusturucu veya uyarici madde imal ve ticareti, hirsizlik, kagakeilik
su¢larinin uyusturucu veya uyarici madde kullanma satin alma sugu tizerine etkileri istatistiksel olarak
onemli bulunmamustir. Oldiirme sugu uyusturucu veya uyarict madde kullanma satin alma sugunu binde
1 oraninda arttirmustir.

Marmara Bolgesi’nde uyusturucu veya uyarici madde kullanma-satin alma sugu Dogu Anadolu
Bolgesi’ne gore 2.20 kat artig gdstermistir (p<<0.001). Dogu Anadolu Bdolgesi’ne gore uyusturucu veya
uyarict madde kullanma-satin alma sucunda Ege Boélgesi'nde 1.93 kat (p<0.001), i¢ Anadolu
Bolgesi’nde 1.58 kat (p<<0.001), Akdeniz Bolgesi’nde 4.13 kat, Giiney Dogu Anadolu Bélgesi’nde 1.99
kat (p<0.001) artig tespit edilmistir. Bununla birlikte Karadeniz bolgesi istatistiksel olarak onemsiz
bulunmustur.

Tablo 3. Hurdle NB parametre tahminleri ( baglant: fonksiyonu: log)

Degisken Tahmin Std. Sapma Pr(>|z|) Exp(tahmin)
Sabit terim -1.502 0.449 0.000828 *** 0.222
Uyusturucu Satist 0.0007 0.0003 0.0166 1
Hirsizlik -0.00005  0.0004 0.2984 1
Kagakeilik 0.0006  0.0007 0.380 1
Cinsel Suglar -0.002 0.0001 0.0212 0.99
Oldiirme 0.011 0.001 <2e-16 *** 1.001
2009 3.026 0.444 1.03e-11%*** 20.61
2010 2.735 0.446 8.75e-10 *** 15.33
2011 2.581 0.447 7.81e-09 *** 13.19
2012 2.234 0.447 6.05e-07 *** 9.29
2013 2.734 0.451 1.38e-09 *** 15.33
2014 2.652 0.452 4.50e-09 *** 14.15
2015 2.886 0.451 1.62e-10 *** 17.81
2016 3.213 0.454 1.48e-12 *** 24.77
2017 3.851 0.451 <2e-16 *** 46.99
2018 4.175 0.453 <2e-16 *** 64.71
Marmara 0.798 0.144 2.94e-08 *** 2.20
Ege 0.664 0.151 1.18e-05 *** 1.93
I¢ Anadolu 0.464 0.135 0.000627 *** 1.58
Karadeniz -0.064 0.128 0.612920 0.94
Akdeniz 1.421 0.137 <2e-16 *** 4.13
Giineydogu 0.697 0.138 4.50e-07 *** 1.99

*** (p<0.001), **(p<0.01), *(p<0.05).

Logit baglanti fonksiyonu kullanilarak elde Hurdle NB parametre tahminleri Tablo 4’te verilmistir.
Niimerik bagimsiz degiskenlerden sadece hirsizligin, bagimsiz degisken olan “Uyusturucu veya uyarici
madde kullanma-satin alma sugu” {izerine olan etkisi istatistiksel olarak énemli bulunmustur (p<0.001).
Hirsizlik yapan birinin yapmayan birine gére “Uyusturucu veya uyarict madde kullanma-satin alma
sugu” islemesi %2 daha fazladir. 2008 yili referans alindiginda, diger tiim yillarin “Uyusturucu veya
uyariclt madde kullanma-satin alma sugu” isleyenlerin islemeyenlere gore etkileri istatistiksel olarak
onemli bulunmustur (p<<0.001). Dogu Anadolu Bolgesi referans alindiginda, diger bolgelerden sadece
Marmara bolgesinde “Uyusturucu veya uyarici madde kullanma-satin alma sugu” isleyenlerin
islemeyenlere gore etkileri istatistiksel olarak dnemli bulunmustur (p<0.05).
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Tablo 4. Hurdle NB parametre tahminleri ( baglant: fonksiyonu: logit)

Degisken Tahmin Std. Sapma Pr(>|z|) Exp(tahmin)
Sabit terim -7.182 1.095 5.42e-11%** 0.0007
Uyusturucu Satis1 -0.008 0.008 0.9231 0.99
Hirsizlik 0.02 0.007 0.0002%** 1.02
Kacakeilik 0.014 0.0109 0.1958 1.01
Cinsel suglar -0.006 0.024 0.7897 0.99
Oldiirme 0.008 0.013 0.5488 1.01

2009 6.776 1.026 3.92¢-11 *** 871

2010 6.756 1.014 2.70e-11 *** 854

2011 6.789 1.018 2.60e-11 *** 880

2012 6.654 1.006 3.73e-11 *** 772

2013 7.288 1.092 2.48e-11 *** 1450

2014 6.339 1.034 8.80e-10 *** 561

2015 7.994 1.214 4.53¢-11 *** 2951

2016 7.049 1.112 2.29e-10 *** 1141

2017 20.43 2.414 0.9920 745823847
2018 20.35 2.047 0.9908 688482185
Marmara 1.780 0.779 0.0224 * 5.92

Ege 0.855 0.747 0.2522 2.35

I¢c Anadolu 0.538 0.439 0.2202 1.71
Karadeniz 0.037 0.364 0.9172 1.03
Akdeniz -0.100 0.596 0.8664 0.90
Giiney Dogu 0.857 0.515 0.0963 . 2.37

*** (p<0.001), **(p<0.01), *(p<0.05).

TARTISMA / SONUC VE ONERILER

Sugclarm birbiri ile iliskisi ve bu sug¢larin yillara ve bdlgelere gore dagiliminin gosterildigi bu calismada
elde edilen 6nemli sonuglardan biri suglardaki belirgin artistir. Uyusturucu veya uyarici madde
kullanma-satin alma sugunda 2008 yilina gore; 2009 yilinda 20.61 kat artis gergeklesmisken, 2018
yilinda ise 64.71 kat artig gerceklesmistir ( Tablo 3). Hirsizlik sugunda da benzer bir artisin oldugu tespit
edilmistir (Sekil 5). Uyusturucu kullanma sucunun bu derece hizl artis1 geng niifus tizerindeki yikici
etkilerinin yani sira, aile ve toplum huzuru i¢in de ciddi bir tehdit olusturmaktadir. Bu artisin
sebeplerinin ortaya konmasi, alimacak tedbirler agisindan da Onemlidir. Sug¢ artigindaki temel
degiskenler; yerlesimsel hareketlik, hizli kentlesme, niifus artig1, niifusun heterojenlesmesi, ekonomik
gelisme/sanayilesme, gelir esitsizligi, gelir dagilimi, kisi basina diisen milli gelir, siyasal gelismeler,
kadinin sosyal statiisiindeki degismeler, enformel degerler ve denetim mekanizmalarindaki doniisiimler,
igsizlik gibi baglklar altinda ¢oziimleme calismalart yapilmistir (Liu ve Messner, 2001). Bu
degiskenlerden her biri suglarin artisinda ve sug kaliplarinin degismesinde etkili olmaktadir ve birbiriyle
iligkilidirler. Ekonomideki degisimler mala yonelik suglarin artiginda etkili olmaktadir. Bunun yani sira
igsizlik, yoksulluk, esitsizlik gibi ekonomik problemler de suclulukla baglantili olarak ele alinmaktadir.
Bu ekonomik sorunlar; tiikketimin, bireycilik kiiltiiriiniin ve ekonomik giidiilenmenin daha ¢ok gelistigi
veya bu egilimlerin daha ¢ok kiskirtildigi liberal toplumlarda suglulukta daha etkili olmaktadir ( Ogel
Tamar, Evren ve Hizlan, 1999; Kizmaz, 2012). Uyusturucu kullanma sugunda son 10 yilda goriilen
yaklagik 65 kat artig, bu sugun 6nlenmesine yonelik hem emniyet tedbirlerinin arttirilmasini, hem de
uyusturucu ile miicadele egitimleri ile genclerin farkindaliklarinin arttirilmasini zorunlu kilmaktadir.
Ozellikle egitim boyutunda liseler, iiniversiteler ve sivil toplum kuruluslarmnmn ilgili devlet kurumlari ile
ortaklasa yapacagi calismalarin siirekli hale getirilmesi, bu sugun islenme oranlarinin diismesinde etkili
olacaktir.

Bolgelere gore uyusturucu veya uyarict madde kullanma — satin alma sucu degerlendirildiginde Dogu
Anadolu referans bolge olarak alindiginda en yiiksek artiglar sirasiyla Akdeniz, Marmara ve Ege, Giiney
Dogu ve I¢ Anadolu bolgelerinde gerceklesmistir. Dogu Anadolu Bdlgesi referans olarak alindiginda
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uyusturucu veya uyarici madde kullanma-satin alma sugu Akdeniz Bolgesi’'nde 4.13 kat, Marmara
Bolgesi’nde 2.20 kat, Ege Bélgesi’nde 1.93 kat, Giiney Dogu Anadolu Bélgesi’nde 1.99 kat, I¢ Anadolu
Bolgesi’'nde 1.58 kat artmigtir. Akdeniz, Marmara ve Ege bolgelerindeki kalabalik biiyiik kentlerdeki
igsizlik, gelir adaletsizligi, uyusturucu maddeye kolay ulagabilme gibi etkenlerden dolay1 kirsal bolge
ve sehirlere gore daha yiiksek sug orani tespit edilmistir. Ekonomik sorunlarin ve kentlesmenin getirdigi
psikolojik ve sosyal yalnizlagsma ile madde kullaniminin arttigi ve biiyiilk kentlerdeki uyusturucuya
ulagma olanaklarinin sugun islenmesine 6nemli etki yaptig1 diisiiniilmektedir.

Uyusturucuya iliskin suglarda, madde kullanan kisi genellikle kisa siirede satici pozisyonuna
gegmektedir. Bu husus; kullanan ile kiiciik ¢apta madde alip satanlarin birlikte incelenmesini
gerektirmektedir. Uyusturucu suglarinin bash basma toplumun genel saglik ve diizenini bozucu
nitelikleri tasimasi yaninda, genelde bir ¢ok adi suga geciste basamak teskil etmesi bu suga iten
faktorlerin arastinlmasindaki 6nemi biiyiik 6lglide vurgulamaktadir. Genel olarak saldirgan tabiatli
olmamakla birlikte, uyusturucu bagimlilar1 maddeyi elde edebilmek igin 6zellikle fahiselik, hirsizlik,
adam &ldiirme gibi suglara kolayca ydnelebilmektedirler. (I¢li, 1985). Bu ¢alismada ise uyusturucu
kullanma sugunun; hirsizlik, uyusturucu satis1 ve adam 6ldiirme suglari ile kuvvetli pozitif iligskiye sahip
oldugu tespit edilmistir. Uyusturucu kullanma sugunun diger suglar ile korelasyonu incelendiginde;
hirsizlik ile 0.90 adam 6ldiirme sugu ile 0.86, uyusturucu satisi ve cinsel suglar ile 0.84 ve kacgakgilik ile
0.69 degerleri elde edilmistir (Tablo 2). Uyusturucu kullanma sugu diger suglara zemin hazirlayan ve
bir¢ok sugun temelinde yatan bir sug tiirli oldugu i¢in bu konuda acil 6nlemler alinmas1 gerekmektedir.

Uyusturucu kullanma sugu ile diger suglarm bu kuvvetli pozitif iliskisi ve 2008 yilindan itibaren
Tirkiye’de goriilen yiiksek diizeydeki sug artiglari toplumsal huzuru tehdit edebilme potansiyeline
sahiptir. Konu ile ilgili ekonomik, sosyolojik, psikolojik alanlarda da ¢alismalarin yapilmasi, cezalarin
ve emniyet tedbirlerinin egitim ile birlikte yeniden ele alinmasi su¢ oranlarmin diismesinde etkili
olacaktir.

Bu calismada kullanilan su¢ verileri sayim ile elde edilmis verilerdir ve Poisson dagilimi
gostermektedirler. Bagimli degisken olarak ele alinan uyusturucu kullanma sugunda hem asir1 yayilimin
olmasi hem de sifir degerlerin fazla olmasi nedeniyle Poisson ve negatif binomial regresyonlar1 yerine
sifir deger agirlikli Poisson, sifir deger agirlikli negatif binomial ve Hurdle modeller kullanilmis ve bu
tiir veri setlerinde Hurdle regresyon modellerinin kullanilabilecegi tespit edilmistir.
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Ozet: Bu tez ¢alismasinda, ayni doniistiirme oramina ve aymi giice sahip dért farkl: transformator modeli
tasarlanmis ve analiz edilmistir. Tasarlanan transformatorler, mantel tip ve ¢cekirdek tip olarak iki farklh tasarimda
gerceklestirilmis olup, her iki tasarumda da bakir ve altiminyum sargilar kullamilmistir. Calismada, enerji
kayiplari, verimlilik ve toplam sahip olma maliyeti gibi parametreler iizerinden kapsamli bir analiz yapilmistir.
Balkar ve altiminyum sargilarn farkly yiiK kosullarindaki performansiar: detayli sekilde karsilagtiriimig ve uzun
vadeli ekonomik etkileri degerlendirilmistir. Bunun yam swra, mantel ve ¢ekirdek tipi tasarimlarm manyetik
ozelliklerinin ve yapisal farkiiiklarinin enerji verimliligi tizerindeki etkileri incelenmigstir. Calisma sonug¢lari,
transformator tasaruminda malzeme ve tip Segiminin ekonomik ve teknik boyutlarmi ele alarak, uygulama
alanlarinda daha bilingli ve etkili kararlar alinmasmna katki saglanmasi hedeflenmistir

Anahtar Kelimeler: Bir Fazli, Transformator, Bakir, Aliiminyum, Verimlilik, Tasarum, Maliyet.
Cost and Efficiency Analysis of One Phase Transformers According to Different Conductors and Core Types

Abstract: In this study, four different transformer models with the same conversion ratio and power are designed
and analysed. The designed transformers have two different core designs as mantel type and core type, and copper
and aluminium windings are used in both designs. In the study, a comprehensive analysis has been made on
parameters such as energy losses, efficiency and total cost of ownership. The winding weights and core weights
of the transformers were compared in terms of cost by considering the actual costs. In addition, in terms of
efficiency measurement, transformers were subjected to different types of tests and core losses, copper winding
and aluminium winding losses were also examined and presented in tables. In addition, the effects of magnetic
properties and structural differences of mantel and core type designs on energy efficiency were analysed. The
results of the study are intended to support more informed and effective decision making in application areas by
addressing the economic and technical aspects of material and type selection in transformer design. Contributing
to the literature by examining different structures in dry type low voltage transformers was also among the main
objectives.

Keywords: Design, Efficiency, Transformer, Cost

1. GIRiS

Elektrik enerjisi, modern toplumlarda ¢ogu endiistriyel ve bireysel faaliyetin temel tasiyicisi olarak
kritik bir 6neme sahiptir. Bu enerjinin etkin bir sekilde iletilmesi ve dagitilmasi siirecinde
transformatorler hayati bir rol oynar. Transformatdrler genel itibari ile enerji santrallerinde, lokomotif

giic sistemlerinde, dagitim sistemlerinde yaygin olarak kullanilir. Transformatdriin icadinin tarihi olarak
1880 tarihini kabul edebiliriz. (Cao vd., 2022 :1)
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IIk iiretilen transformatorler kuru tip olarak iiretilmis olup daha sonralar1 yaga daldirarak calismanin
kesfedilmesiyle biiyiik transformatdrlerde yagh tip tercih sebebi olmustur. Yalitimsal sorunlar ve gevre
temizligi acisindan yagli tipin tercih edilmedigi yerlerde kuru tip transformatérler mecburi tercih sebebi
olarak da kabul gérmiistiir. (Cao vd., 2022:1; Wen vd., 2013:1998)

Transformatoriin ilk icadinda bakir sargili transformatorler kullamilsa da 20 yy.’a geldigimizde
aliminyum madeni de transformatorlerin sargilar1 igin tercih edilecek firiinler arasina girmeyi
basarmustir. Bunun sebebi ise goniillii bir tercihten ziyade 20yy igerinde savaslarin da etkisiyle (6zellikle
ikinci diinya savasi) bakir madenine ulagimin zorlagmasi bunun aksine Aliiminyum madenin ise
rezervlerinin daha fazla ve kolay ulasabilir olmas1 miinasebeti ile transformator sargilarinda aliiminyum
madeni tercih edilmeye baglanmistir. (Arifin vd., 2020 :1)

Transformator tasariminda, ¢ekirdek tipi, sargi iletken tipi ve tasarim parametreleri gibi faktoérler hem
teknik performans hem de ekonomik verimlilik agisindan belirleyici ana unsurlardir. Bu ¢aligmanin
odagi olan "farkli tipte niive ve iletken gesitlerinin tercih edilmesinin verim ve maliyet analizi”, mevcut
literatiiriin bilgi birikimine dnemli bir katki sunmay1 hedeflemektedir.

Transformatorler, niive yapisina gore farkli tiplerde tasarlamr ancak temel olarak mantel tipi ve ¢ekirdek
tipi en yaygin tercih edilen niive tipleridir. (Oziipak, 2020:15) Transformatérler dogru tasarim altinda
verimliligi en yliksek (%99- %99,5) olan makinelerdir. Cekirdek niivenin iizerine sartlmis iki temel
sargidan tesekkiil eder bu sargilar primer sargi ve sekonder sargi olarak adlandirilir, sargilari tagiyan
niive kisimlarma bacak ismi verilirken bacaklar1 birbirine baglayan yatay niive kisimlarma ise
boyunduruk (Yorke) adi verilir. (Senol vd., 2005; Shaefer., 1951)

Sargi malzemesi olarak en yaygin sekilde kullanilan iletken tiirleri bakir ve aliiminyum iletkenlerdir.
Bakir iletkenler, yiiksek iletkenlik katsayisina ve diisiik elektriksel dirence sahiptir, bu da enerji
kayiplarinin azaltilmasinda kritik bir avantaj sunar. Bununla birlikte, bakir iletkenin gorece yiiksek
maliyeti, yatirim kararlarinda 6nemli bir faktordiir. Aliminyum iletkenler ise daha diisiik bir maliyet ve
daha hafif bir yap1 sunarken, daha diisiik iletkenlik nedeniyle enerji verimliligini azaltabilir. Elektrolitik
bakir igin 6zgiil direng 20°C de 0.01786 Q.mm?/m ve Elektrolitik aliiminyum i¢in 6zgiil direng 20°C de
0.02857 Q.mm*/m “dir. (Cetin, 1981)

2. BIR FAZLI TRANSFORMATORLERIN MATEMATIKSEL MODELLENMESI
2.1 Transformatorlerin Calisma Prensibi

Transformatorlerin primer sargilarina alternatif bir gerilim uygulandiginda, bu sargi iizerinden gecen
akim degisken bir manyetik alan olusturur. Bu manyetik alan, tizerinde sekonder sargilarin da bulundugu
manyetik demir niive iizerinden devresini tamamlar. Primer sargiya uygulanan alternatif gerilimin
zamanla yon ve siddetinin degismesi, manyetik alanin da stirekli olarak yon ve siddet degistirmesine
neden olur. Olusan bu degisken manyetik alan, sekonder sargilarla kesigerek bu sargilarda alternatif bir
gerilimin indiiklenmesine yol agar. (Aydogan,2023:4; Berkol,1976)

Transformatorlerin temel calisma prensibi, diigiik manyetik dirence (reliiktans) sahip bir manyetik devre
iizerinde olusan ortak manyetik aki araciligiyla, iki devre arasinda karsilikli manyetik bag kurulmasina
dayanir. (Aydogan,2023:4; Berkol,1976)

Bu prensip, Sekil 1°de gosterildigi gibi, transformatdriin manyetik ¢ekirdek iizerinden enerji aktarimini
mimkiin kilar. Primer sargiya dogru gerilim uygulandiginda ise bir manyetik alan olusur, ancak bu
manyetik alan sabittir. Sabit manyetik alan, zamana bagli olarak yon veya siddet degistirmez. Bu
nedenle, sekonder sargilarda bir elektromotor kuvvet (EMK) indiiklenmesi gerceklesmez. Alternatif
gerilim ile dogru gerilim arasindaki bu fark, transformatdrlerin yalnizca alternatif akimla
calisabilmelerinin temel nedenidir. Sonug¢ olarak, transformatorlerin enerji doniisiimili saglamasi,
manyetik akinin siirekli degisimini gerektirir. Alternatif gerilim ile olusturulan manyetik alan, sekonder
sargilarmda EMK indiikleyerek enerji aktarimi saglar. Bu prensip, transformatdrlerin elektrik enerji
sistemlerinde yaygin kullaniminin temelini olusturur.
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Sekil 1. Ideal Transformator ve Indiiksiyon Yasas1 (Vikipedi, 2025)
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2.2 Transformatorlerin Kayiplar,

Transformator kayiplarini genel anlamda dort temel baglikta inceleyebiliriz. Bunlar; demir kayiplari,
iletken kayiplari, kagak aki kayiplari ve izolasyon kayiplaridir. (Esenboga,2019:15)

2.2.1 Demir Kayiplan

Demir kayiplar1 genel olarak iki baslik altinda incelenir. Bunlar; histerezis kayiplar1 ve eddy
kayiplaridir.

PDemlr Ph + Pe (1)

2.2.1.1 Histerezis Kayiplari

Histerezis kayiplari, manyetik alanin yon degistirmesi sirasinda ¢ekirdek malzemesinin manyetik
ozelliklerinin degismesi sonucu olusur. Cekirdek malzemenin icerisinde molekiil parcaciklarin kendi
arasindaki siirtinmeleri sonucunda meydana gelen kayiplardir. (Giirdal, 2015:2) Bu kayiplar asagidaki
formiil ile ifade edilir.

Bu formiilde; B: Manyetik aki yogunlugu, n: Malzeme sabiti, n: (1,6 <n <2), f: Frekans, Px: Histerezis
kaybini ifade etmektedir.

P, =nB"f
2
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Sekil 2. Histerezis Dongiileri Cizimi

B i

2.2.1.2 Eddy (Fuko, Girdap) Akinu Kayiplar

Eddy kayiplari, manyetik akinin g¢ekirdek i¢inde dongiisel akimlar indiiklemesi sonucu olusur. Bu
akimlar, ¢ekirdek i¢inde c¢ekirdegin direncinden gegerken olusacak 1s1 sebebiyle ortaya ¢ikan enerji
kaybina neden olur. Eddy kayiplari, ¢ekirdek malzemesinin elektriksel 6z direnci (p), laminasyon
kalinligi(d), frekans(f) ve manyetik aki yogunlugu maksimum degerine (Bm) baglidir. Bu kayiplar su
formiille ifade edilir: (Berkol,1976)

2,42
Pe = %fZBEnlO‘“ 3)

Girdap akimlarini sinirlandirmak i¢in ince laminasyon levhalar ve yalitim kaplamalar1 kullanilir. Ayrica
diistik elektriksel iletkenlige sahip ¢ekirdek malzemeleri tercih edilerek kayiplar minimize edilebilir.

Toplam demir kayiplari, histerezis ve Eddy akim kayiplarmin toplamu olarak hesaplanir:
Paemir = Pp + Fe 4)

2.2.2 iletken Kayiplar

Iletken kayiplari, transformatér sargilarinda elektrik akiminin iletkenin direnci iizerinde olusturdugu
enerji kaybidir. Bu kayiplar1 basitge ifade edersek kisa devre yapilmis sekonder sargi durumunda primer
sargidan nominal akim ge¢irdigimizde her iki devrede gegecek nominal akimin karesi ile bu sargilarin
i¢ direnglerinin ¢arpimlarinin toplanmasi miktarmeca olusan kayba formiilii asagidaki gibi olan toplam
iletken kaybi1 denilir. (Esenboga,2019:15)

Py =Ip*1y+Is* X1y 3)
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2.2.3 Kacak Ak Kayiplar

Kacak aki kayiplarini sargilarin sebep oldugu kacak aki kayiplari ve transformatdriin yapisal parcalarin
sebep oldugu kayiplar diye iki gruba ayirabiliriz. Bu tip kayiplar transformatoriin tasarimindan veya
caligma ortamindaki mevcut kosullardan meydana gelmektedir. (Thango,2022)

2.2.4 izolasyon Kayiplari

Transformatoérlerde izolasyon kayiplar1 yalitim malzemelerinin elektriksel direncinin baglangig
tasariminda hatali se¢imi yahut caligma kosullarinda olusan asir1 i1sinma kazan igindeki yagin
farklilasmas1 durumunda bagka kimyasal sebeplerin sonucunda genel olarak izolasyonun bozulmasi ile
ortaya c¢ikan kayiplardir. Dikkat edilmesi gereken kayiplardir, bazen géz ardi edilse de uzun siireli
calismalarda biiyiik hasarlara sebep olur. (Wan vd., 2022)

3 BIiR FAZLI TRANSFORMATORLERIN HESAP KRiTERLERI
3.1 Malzeme Olgiilerinin Belirlenmesi

Bu ¢alismada, dort farkli bir fazli transformator tasarimi gergeklestirilmistir. Her bir transformatér 1.200
VA giiciinde olup, primer gerilimi 230 V, sekonder gerilimi ise 230 V olarak belirlenmistir. Tasarlanan
transformatérlerden ilki mantel tip ve bakir sargili, ikincisi mantel tip ve aliiminyum sargilidir. Ugiincii
transformator ¢ekirdek tip ve bakir sargili, dordiinciisii ise ¢ekirdek tip ve aliiminyum sargili olarak
tasarlanmustir.

Bu boliimde, transformator tasariminda kullanilan hesaplama yontemleri incelenmistir. Akim, sarim
sayis1 ve niive kesiti gibi temel parametrelerin hesaplanma stirecleri detayli bir sekilde ele alinmistir.
Hesaplamalar sirasinda her bir transformatoriin 6zelliklerine uygun formiiller ve yontemler kullanilarak,
optimal tasarim Kkriterlerine ulasilmasi hedeflenmistir. Bu baglamda transformatorlerin primer
gerilimleri, sekonder gerilimleri, tim transformatorlerin goriinen giigleri, primer akimlari, sekonder
akimlari, manyetik aki yogunlugu degeri, tipler arasi sac kesit miktarlari, tipler aras1 sarim sayilari ve
iletkenlerin tipler aras1 akim yogunluklar1 esit kabul edilerek tasarim yapilmistir.

Tasarim silirecinde yapilan bu hesaplamalar ve kullanilan yontemler, transformatérlerin giivenilir,
verimli ve belirlenen tasarim kriterlerine uygun sekilde ¢caligmasini saglamay1 amaglamaktadir.

3.2 Maliyet Analizi

Bu tasarlanan trafolarda ortalama iletken ve sac maliyetleri ¢ikarildiginda kalan maliyet ¢ok fazla toplam
maliyeti etkilememektedir. Bu sebeple maliyet karsilagtirmalari, kullanilan bakir iletken, aliiminyum
iletken ve sac maliyetleri g6z oniine alinarak yapilacaktir. Mantel tip bakir sargili transformator, 52,42
USD maliyetle tasarlanirken, benzer tipte niiveye sahip aliiminyum sargili transformatér ise 26,64 USD
maliyetle tamamlanmaktadir. Benzer sekilde, ¢ekirdek tip bakir sargili transformatér 60,35 USD
maliyete sahipken, Aliiminyum sargili ¢ekirdek tip niiveli versiyon ise 23,82 USD maliyetle daha
ekonomik bir ¢dziim sunmaktadir.

Tablo 1. Tasarlanan Transformatorlerde Kullanilan Malzeme Miktar1

Kullamilan {letken Niive (Demir) <
Agirhg (kg) Agirhig (kg) Toplam Agirhk (ke)

Mantel Tip Bakir 3,14 12,80 15,94

Sargil
Mantel Tip

Aliiminyum Sargili L4l 1250 w

Cekirdek Tip Bakir 442 8,42 12,84
Sargil

"Ce.klrdek Tip 1,95 8,42 10,37

Aliiminyum Sargili
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Tablo 2. Tasarlanan Transformatdrlerin Cesitlerine Gére Maliyet Tablosu

Iletken Maliyeti Niive (Demir) Toplam Maliyet
(USD) Maliyeti (USD) (USD)
Mantel Tip Bakir 34.50 17.92 52.42
Sargih
_Mantel Tip 8,72 17,92 26,64
Aliiminyum Sargih
Cekirdek Tip Bakir 48,56 11,79 60.35
Sargih
Gekirdek Tip 12,03 11,79 23,82
Aliiminyum Sargil

4. TASARLANAN TRANSFORMATORLERIN TESTi

4.1 Transformatorlerin Bosta Test Edilmesi

Bosta test, transformatorlerin manyetik devre ve ¢ekirdek kayiplarini analiz etmek igin yapilan bir
caligmadir. Bu test sirasinda, sekonder sargi agik birakilir (yiik baglanmaz) ve primer sargiya nominal
gerilim uygulanir. Test, transformatoriin manyetik devre karakteristigi ve ¢ekirdek kayiplarim

belirlemek i¢in temel bir yontemdir.

Sekil 3. Bosta Deney Semasi

Io
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Tablo 3. Bosta Devre Deney Olgiimleri
Transformator Pk 10 Vn
Mantel Tip Bakir Sargili 18 W 0,30 A 230V
Mantel Tip Aliminyum Sargili 19w 0,29 A 230V
Cekirdek Tip Bakir Sargili 13W 0,12 A 230V
Cekirdek Tip Aliiminyum Sargili 13W 0,12 A 230V

4.2 Transformatorlerin Kisa Devre Testi

Kisa devre testi, transformatorlerin iletken kayiplarini ve esdeger empedanslarmi belirlemek i¢in yapilan
bir deneydir. Bu test sirasinda, transformatoriin sekonder sargisi kisa devre edilir ve primer sargiya
nominal akimi saglayacak kadar diistik bir gerilim uygulanir. Test, transformatériin sargi empedanslari

ve yiikteki davramisini analiz etmek i¢in kullanilir.

Sekil 5. Kisa Devre Deneyi Semasi
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Sekil 6. Kisa Devre Deneyi Diizenegi
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Tablo 4. Kisa Devre Deney Sonuglar1 ve Karsilastirmasi

Transformator HesaFE)_ lanan Olgiilen Pj;, Hesalprllanan Olgiilen In
IL
Mantel Tip Bakr 3BW 3LW 5,22 A 523 A
Sargil
Mantel Tip 41w 38 W 5,22 A 523 A
Aliminyum Sargili
Cekirdek Tip Balar 46 W 44 W 5,22 A 523 A
Sargili
Gekirdek Tip 56 W 55 W 5,22 A 523 A
Aliiminyum Sargili
5. SONUC

Calismada oncelikle transformatorlerin ¢alisma prensipleri ve matematiksel modelleri incelenmistir.
Ideal bir transformatoriin matematiksel modeli kullanilarak, gerilim, akim ve sarim sayilar1 arasindaki
iligkiler tanimlanmis, kayiplar teorik olarak hesaplanmistir. Demir kayiplarmin histerezis ve eddy
akimlarindan kaynaklandig, iletken kayiplarinin ise sargi direnglerinden dolay1 olustugu gosterilmistir.
Bu teorik temeller, deneysel ¢alismalarin analizinde temel alinmuigtir.

Deneysel c¢alismalar kapsaminda, transformatorlerin bosta c¢alisma ve kisa devre testleri
gergeklestirilmistir. Bosta ¢alisma testi ile ¢ekirdek kayiplar1 belirlenmis, kisa devre testi ise iletken
kayiplarini 6lgmek i¢in kullanilmistir. Tablo 3. ve Tablo 4’te sunulmus, her bir transformator tipi igin
toplam kayiplar ve verimlilik degerleri hesaplanmustir. Sonuglar, bakir sargili transformatérlerin
aliminyum sargililara kiyasla daha diisiik enerji kaybina ve dolayisiyla daha yiiksek verimlilige sahip
oldugunu gostermistir. Cekirdek tipi transformatorler, ¢ekirdek kayiplarini azaltmada avantaj saglarken,
mantel tip transformatorler toplam kayiplar agisindan daha verimli bulunmustur.

Maliyet analizi, farkli iletken malzemelerin ve farkli niive tiplerinin ekonomik etkilerini
degerlendirmistir. Bakir sargilar, yiiksek verimlilik avantaji sunmasina ragmen, malzeme maliyetinin
yiiksek olmasi nedeniyle ekonomik olarak dezavantajlidir. Buna karsilik, aliiminyum sargilar daha
diistiik maliyetle iiretilmekte ve hafifligi sayesinde taginabilirlik avantaji saglamaktadir. Maliyet ve enerji
kayiplar1 arasinda yapilan bu dengelemeler, farkli uygulamalar i¢in en uygun transformatér tasarimini
belirlemede kritik bir rol oynamaktadir.

Genel olarak, analiz sonuglari, transformatoér secimi yapilirken uygulama ihtiyaclarinin dikkatlice
degerlendirilmesi gerektigini ortaya koymaktadir. Yiiksek enerji verimliligi gerektiren uygulamalar i¢in
bakir sargili transformatoérler tercih edilirken, maliyet odakli projelerde aliiminyum sargili
transformatorler kullanilabilir. Bununla birlikte, her iki tasarimin da avantajlarinin ve dezavantajlarmin
detayl bir sekilde analiz edilmesi hem ekonomik hem de teknik acidan daha stirdiirtilebilir ¢oziimler
sunacaktir.
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Ozet: Plastik malzemelerin birlestirme ve kaynak tekniklerindeki, gelisme ve modernizasyon, bilimsel arastirma
ve endiistri alaminda biiyiik bir ilgi gormiistiir. Siirtiinme Karigtirma Kaynagi (SKK) ve Siirtiinme Karistirma Nokta
Kaynag (SKNK), giintimiizde, herhangi bir yapistirict veya harici isiticiya ihtiyag duyulmamasi ve tiiketilemeyen
aletlerin kullamiImasi nedeniyle diger birlestirme tekniklerine gore onemli bir avantaj elde etmistir. Siirtiinme
Karistirma Nokta Kaynagi yontemi, Siirtiinme Karistirma Kaynagr yonteminden tiiretilmis ve son zamanlarda
sadece otomobil sektériinde degil aynt zamanda diger endiistri kollarinda da oldukga dikkat ¢eken yeni bir kaynak
vontemidir. Son yillarda, hafif yapilar hem ekonomik hem de ekolojik nedenlerle tercih edilmektedir ve siklikla
birgok endiistri kolu icin énemli bir yenilik onciisii olarak tamimlanmaktadir. Ozellikle araglarda ve ucaklarda,
agirlik azaltmaya yénelik olarak, metal yapilari polimerlerle degistirmek yaygin bir yaklasimdir. Geleneksel
kaynak iglemiyle kaynaklanmasi zor olan polimer malzemelerin kaynaklanmasinda SKNK yontemi kullanilwr.
Cesitli endiistriyel uygulamalarda, polietilen en ¢ok kullanilan malzemelerden biri haline gelmistir. Cesitli
arastirmactlarin ¢alismalari, bu yontem igin takim geometrisinin, takim devir sayisinin, takim dalma derinligi ve
karistirma siiresinin baglantinin ¢ekme kuvveti iizerine oldukca etkisi oldugunu géstermigtir. Bu deneysel
¢alismada, 4 mm kalinhigindaki Polietilen (PE) levhalarin SKNK ile bindirme baglantilart yapilmistir. Farkl
karistirma siirelerinde yapilan bu ¢alismada, ¢ekme kuvvetini maksimum yapan optimum karistirma siiresi
belirlenmistir.

Anahtar Kelimeler: Polietilen, Siirtiinme Karistirma Nokta Kaynagi, Takum, Cekme Testi, Parametre.
Friction Stir Spot Welding of Pe Material

Abstract: Development and modernization in joining and welding techniques of plastic materials have attracted
much attention in the field of scientific research and industry. Friction Stir Welding (FSW) and Friction Stir Spot
Welding (FSSW), nowadays, have gained a significant advantage over other joining techniques due to the ease of
operation, with no need for any adhesives or external heaters, and the use of non-consumable tools. The Friction
Stir Spot Welding method is a derivative of the Friction Stir Welding process, which is a new process that recently
has received considerable attention from the automotive and other industries. In recent years, lightweight
structures have been preferred for both economic and ecological reasons and are often described as an important
innovation driver for many industries. Especially in vehicles and aircraft, replacing metal structures with polymers
is a common approach for weight reduction. FSSW method is used to weld polymer materials that are difficult to
weld with conventional welding processes. In various industrial applications, polyethylene has become one of the
most used materials. Studies by various researchers have shown quite the effect of tool geometry, tool rotation
speed, tool penetration depth and stirring time on tensile failure load of the joint for this method. In this
experimental study, 4 mm thick Polyethylene (PE) sheets were done lap joints with FSSW. In the study conducted
at different stirring times, the optimum stirring time that maximizes the tensile strength was determined.

Keywords: Polyethylene, Friction Stir Spot Welding, Tool, Tensile Test, Parameter.
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1. GIRIS

Son yillarda, hafif yapilar hem ekonomik hem de ekolojik nedenlerle tercih edilmektedir ve siklikla
bircok endiistri kolu icin énemli bir yenilik dnciisii olarak tammlanmaktadir. Ozellikle araclarda ve
ucaklarda, agirlik azaltmaya yonelik olarak, metal yapilari polimerlerle degistirmek yaygin bir
yaklagimdir [1]. Biiyliyen g¢evresel sorunlar nedeniyle siirdiiriilebilir hafif yapilara biiylik bir talep
duyulmaktadlr Onemli ¢oziimlerden biride, geri doniistiiriilmiis hurda/atik termoplastik malzemelerle
yeni yapilar gelistirmektir [2]. Termoplastik kompozit malzemelere yonelik aragtirma ve uygulama
ilgisi, havacilik endiistrisi de dahil olmak {izere gesitli son teknoloji alanlarinda son zamanlarda artan
bir egilim gostermektedir. Bu malzemelere dogru kademeli gegisin ana nedenleri arasinda, yeniden
sekillendirilebilir yapilari nedeniyle, geri doniisiim potansiyelleri, termoset muadillerine gore daha
yiiksek kirilma dayanimlari ve iiretim siirecindeki esneklikleri yer almaktadir [3]. Polimer, Yunanca
kokenli bir kelimedir ve poli (¢ok), mer (tekrar birimi) anlamina gelir. Kelimenin kokeninden,
polimerlerin bircok merin tekrariyla olusan yapilar oldugu anlamu ¢ikarilabilir. Merler kovalent baglarla
baglanir ve polimeri olusturan ham madde, polimerlerin tekrarmin temel birimi olan monomerdir.
Polimer, onu olusturan monomer tiiriine, polimerik zincir bagina ortalama monomer sayisina ve mevcut
kovalent bag tiiriine gore gok farkl1 6zelliklere sahip olabilir. Ornegin polimerler, asinma ve korozyona
kars1 iyi direng, diisiik yogunluk, diisiik maliyet, kolay montaj, dayaniklilik ve makul mekanik direng,
karmasik sekillerde liretim gibi birgok avantaj sunar [4]. Plastik malzemelerin laboratuar sartlarinda
istenilen Ozelliklerinin geligtirilmesindeki siirsizlik, bu malzemelere gelecegin miithendislik
malzemeleri olma ozelligini kazandirmigtir. Metalik malzemelere gore mekanik 6zelliklerinin daha
diisiik olmasina ragmen plastik yapiya gesitli katki maddelerinin ilave edilmesiyle (cam, karbon, talk,
fiber vb.) fiziksel ve mekanik ozelliklerinin iyilestirilmesi miimkiin olabilmektedir [5]. ilk polimer
malzeme 1868 yilinda J. Hyatt tarafindan kesfedilen seliiloittir [6, 7]. Termoplastiklerin zincirleri
arasinda ¢apraz baglar bulunmamasi ve dogrusal veya dallanmis zincirli polimerler olmasi nedeniyle
uygun ¢oziiciilerde ¢oziiniirler, 1sitildiklarinda erirler ve eritilerek defalarca yeniden sekillendirilebilirler

[5].

Siirtiinme karistirma nokta kaynagi (SKNK), perginli montajlarin ve direng nokta kaynaginin yerini
alabilecek, gelencksel siirtiinme karigtirma kaynaginin (SKK) ¢ok 6nemli bir tiirevidir. Bu teknik,
geleneksel kaynak islemlerine kiyasla, yiiksek kaliteli baglantilar saglar. SKNK, titanyum, aliiminyum,
magnezyum gibi c¢esitli metal tiirlerini birlestirmek i¢in kullanilan yeni bir teknolojidir. Ayrica,
geleneksel kaynak islemiyle kaynaklanmasi zor olan polimer malzemelerin kaynaklanmasinda da
kullanilir. Cesitli endiistriyel uygulamalarda, yiiksek yogunluklu polietilen en ¢ok kullanilan
malzemelerden biri haline gelmistir [4]. Plastik malzemelerin birlestirme ve kaynak tekniklerindeki,
gelisme ve modernizasyon, bilimsel arastirma ve endiistri alaninda biiytik bir ilgi gérmiistiir. Siirtiinme
karigtirma kaynagi ve siirtiinme karistirma nokta kaynagi, giiniimiizde, herhangi bir yapistirici veya
harici 1siticiya ihtiya¢ duyulmamasi ve tiiketilemeyen aletlerin kullanilmasi nedeniyle diger birlestirme
tekniklerine gdre 6nemli bir avantaj elde etmistir [8]. Siirtlinme karigtirma nokta kaynagi (SKNK),
sirtinme karistirma kaynagindan (SKK) tiliretilmistir ve otomotiv sektoriinde oldukca dikkat
cekmektedir [9-11]. SKNK yontemi 1993 yilinda Mazda tarafindan icat edilmis, tamamen yeni ve
ergime olmaksizin bindirme baglantis1 gergeklestirilen bir kati faz kaynak yontemidir [5, 12-20].
Otomotiv endiistrisinde aliiminyum saclarin birlestirilmesinde direng nokta kaynagi ile yapilan baglanti
sonucunda olusan hatalarin giderilmesi igin gelistirilen SKNK, basarili bir sekilde, aliminyum [21],
magnezyum [22], celik levhalara [23] uygulanmaktadir. Ayrica, yapilan aragtirmalar, SKNK’nin yiiksek
mukavemetli, ileri yiiksek mukavemetli ve ultra yiiksek mukavemetli gelikler gibi ¢esitli ¢elikler i¢in de
kullamldigini belirtmektedir [24]. SKNK ile plastikler iizerine yapilan ilk ¢alismalar neticesinde, bu
yontemin polimer esaslt malzemelere de uygulanabilirligi kanitlanmistir [5, 15, 18, 25]. Sonrasinda ise
cesitli polimer malzemelerin SKNK yontemi ile birlestirilerek optimum kaynak parametrelerinin
saptanabilmesi i¢in ¢esitli ¢aligmalar yapilmigtir. SKNK yonteminin metal malzemelere ilaveten plastik
malzemelere de uygulanabilmesi, yonteme 6nemli bir avantaj kazandirmugtir [1-3, 5, 9, 13-15, 18, 25-
36]. SKNK, bindirme tipi baglantilarda saglam birlestirmeler elde etmek i¢in biiylik bir potansiyel
sergilemistir [37]. Otomotiv sanayisinde, bir otomobilin {iretilebilmesinde binlerce parga kullanilmakta
ve ylizlerce farkl tipte islem gergeklestirilmektedir. Bu islemlerin en dnemlilerinden birisi aracin
kalitesini %40 oraminda etkileyen ve aracin gdvdesinin ortaya ¢ikarildigi kaynak islemleridir [9].
Stirtinme karigtirma nokta kaynagi (SKNK), siirtiinme karistrma kaynagi (SKK) teknigine dayanan
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yeni bir kaynak yontemidir [38] ve SKNK ilk olarak Mazda firmasi tarafindan, dnce Mazda RX-7 model
spor arabalarin, sonrasinda ise RX-8 model spor arabalarin {iretiminde kullanilmistir [5].

SKNK yontemi, SKK yonteminin nokta halinde dikis iireten bir versiyonudur. SKNK teknigi,
geleneksel ergitmeli kaynak teknikleri ile karsilastirildiginda en 6nemli avantajlarindan biri, ana metalin
ergimeden kaynak isleminin ger¢eklesmesidir [39]. Yeni bir kaynak yontemi olan SKNK’nin, otomotiv,
havacilik ve diger sektorlerdeki uygulamalari i¢in iizerinde yogun ¢aligmalar yapilmaktadir [40-42].
Siirtiinme karistirma nokta kaynagi, cevre dostu, yiiksek verimli bir kat1 hal kaynak teknigidir [43]. Son
yillarda gelistirilen kaynak yontemleri, direng nokta kaynagi gibi 6zellikle otomotiv sanayisinde halen
kullamlmakta olan kaynak yontemlerinin yerini almaya adaydir. Bu anlamda, diren¢ nokta kaynaginin
alternatif kaynak yontemi SKNK olarak ifade edilmektedir [9]. SKNK yonteminin, SKK yonteminde
kullanilan kaynak takimina benzer bir takimla, daldirma, karistirma ve geri ¢ekilme olarak belirtilen {i¢
kademede gergeklestirilen bir uygulamasi vardir [12, 13, 26, 28, 44-48]. Bu li¢ asama adim adim
sirasiyla agagidaki gibidir Sekil 1 [49].

Adim 1 Adim 2 Adim 3

Takim Omzu | 3’] ( i ( ?’
Ny 4 |

Daldirma Karistirma Geri Cekilme

Sekil 1. Siirtiinme karigtirma nokta kaynagi yonteminin ti¢ adimi [49]

Yapilan deneysel ¢alismada, polietilen (PE) numunelerin kaynakli baglantilari i¢in siirtiinme karistirma
nokta kaynagi (SKNK) yontemi kullanilmistir. Kaynak noktalarmin olusturulmasi icin bu ¢aligmaya
6zel uygun kaynak takimi ve numunelerin tezgah tablasina baglanmasi i¢in ise bu ¢alismaya 6zel uygun
baglama aparati tasarlanip, imal edilmistir. Ucuna metrik 10 vida disi a¢ilmis, omuz i¢ine 5° egim
verilmis ve bu caligma i¢in tasarlanmis bir kaynak takimi ile kaynak baglantilari olusturulmustur.
Siirtiinme karistirma nokta kaynag ile birlestirilen numunelere, ¢ekme testleri uygulanarak, kaynakli
birlestirmelerin ¢cekme kuvveti degerleri belirlenmistir. Belirli bir dalma derinligi, dalma hiz1 ve devir
sayis1 i¢in, farkli karistirma siiresi degerleri kullanilarak, ¢ekme kuvvetini maksimum yapan optimum
karistirma siiresi belirlenmistir.

2. DENEYSEL CALISMA

Yapilan deneysel caligmalarda, kaynakli baglantilarin olusturulmas: i¢cin kullanilacak numuneler,
150x40x4 mm boyutlarinda ve standartlara uygun sekilde hazirlanmistir. Kaynak numuneleri,
2000x1000x4 mm boyutlarindaki ekstriizyon {iriinii olarak {iretilmis Polietilen (PE) levhadan, serit
testere tezgahinda uygun geometride kesilerek cikarilmistir. Kaynaklanacak numunelere bindirme
pozisyonunda, siirtiinme karistirma nokta kaynagi yontemi uygulanmistir. SKNK yontemini uygulamak
icin numunelerin bindirme pozisyonu Sekil 2’de goriilmektedir.
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Sekil 2. Siirtiinme karigtirma nokta kaynagi ig¢in bindirme pozisyonu

Yapilan deneysel calismalarda, torna tezgahinda 4140 ¢elik malzeme kullanilarak imal edilen, Siirtiinme
karigtirma nokta kaynak takimi kullanilmigtir. Kullanilacak takimin olgiileri belirlenirken, yapilan
literatiir aragtirmasinda, kullanilan takimlar incelenmistir ve bu takimlara ait dlgiiler arasindaki oranlar
dikkate alinmistir. Tezgah tablasina, kaynak yapilacak PE numuneleri baglamak i¢in tasarlanan baglama
aparati, kaynakli baglantilari olustururken gézlemlemeye imkan verecek bir sekilde, bu galisma i¢in 6zel
olarak tasarlanip, iretilmistir. Numunelerin bindirme mesafesi 40 mm olacak sekilde, bindirme
baglantis1 konumundaki pargalarin, 40x40 bindirme bolgesinin merkezine, tasarlanip imal edilmis
kaynak takimlari ile daldirma, karistirma ve geri ¢ekilme asamalari adim adim uygulanmistir.
Olusturulan numunelere mekanik testlerden ¢ekme deneyleri uygulanmistir ve elde edilen dilen veriler
yorumlanmustir. Cekme kuvvetini maksimum yapan, optimum karigtirma siiresi parametresi tespit
edilmistir. Deneysel caligmalarda kullanilacak takimin o6lgiileri belirlenirken, yapilan literatiir
arastirmasinda kullanilan takimlar géz Oniinde tutularak, bu takimlara ait Glgiiler arasindaki oranlar
dikkate alinmistir Tablo 1 [5].

Tablo 1. Literatiirde kullanilan SKNK takimlarinin oranlari [5]

Omuz Capr / Ug Capi 2.0 + 3.5 arast degigebilivor
Ug Capt / Ug Uzunlugu 1.1 + 2.6 arast degigebilivor

Ucuna metrik 10 vida disi agilmig, omuz igine 5° egim verilmis bir kaynak takimi geometrisi
tasarlanmigtir. Yapilan deneysel calismada, siirtiinme karistirma kaynak noktasi baglantilarinda
kullanilacak uygun takimin boyutlar1 ve ilgili oranlart belirlenmistir. Tablo 2’de tasarlanan kaynak
takimina ait boyutlar ve oranlar goriilmektedir.

Tablo 2. Tasarlanan SKNK takimi i¢in boyutlar ve oranlar

Omuz Cap1 28 mm
Takim Ucu Cap1 10 mm
Uc¢ Uzunlugu 6 mm
Omuz ici Egimi 5°
Omuz Capy/Uc Capi 2.8
Ug¢ Capr/Ug¢ Uzunlugu 1.666

Yukaridaki oranlar dikkate alinarak, yapilacak deneysel ¢alismada kullanilacak kaynak takiminin teknik
resmi ¢izilip, 4140 ¢elik malzemeden, torna tezgahinda islenerek imal edilmistir. Deneysel ¢alismalarda,
kaynak noktalarmin olusturulmasinda kullanilan, vida disi a¢ilmus silindirik u¢lu ve omuz igine uygun
bir egim verilmis bu kaynak takimiin fotografi ve ol¢iileri Sekil 3’te goriilmektedir.
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Polietilen numunelerin, CNC freze tezgahinin tablasma baglanmasi igin tasarlanan ve imal edilen
baglama aparatinin fotografi ise Sekil 4’te goriilmektedir. Kaynakli noktalari olusturulurken, yapilan
islemleri gorsel olarak takip edebilmek i¢in, yapilan tasarima 6zen gosterilmistir. Yapilan 6n ¢calismalar
neticesinde, Dbelirlenen parametreler kullanilarak, SKNK islemleri CNC freze tezgahinda
gergeklestirilmistir. Pargalarin bindirme mesafesi 40 mm’dir. Bindirme baglantis1 konumundaki
parcalarm, 40x40 bindirme bolgesinin merkezine, takim omuz ¢ap1 28 mm, takim ucu ¢ap1 10 mm, ug
uzunlugu 6 mm ve takim omuz i¢i egimi 5° olarak tasarlanip iiretilen kaynak takimu ile, siirtiinme
karigtirma nokta kaynak yoOnteminin daldirma, karistirma ve geri ¢ekilme asamalari sirasiyla
uygulanmigtir. Kaynak takimi, numunelere belirlenen dalma hizinda, dalma derinliginde, devir
sayisinda ve karistirma siiresinde, otomatik olarak daldirilmustir. Istenilen dalma derinligine ulasilinca
belirlenen karistirma siiresinden sonra geri ¢ekilmesi yine ayni hiz ile otomatik olarak gerg¢eklestirilmis
ve parcalardan uzaklastirilmigtir. Kaynak baglantilari yani kaynak noktalar1 olusturulan pargalar, hemen
sokiilmemis, sogumasi i¢in beklenmistir.

Sekil 4. Deneysel ¢aligmada kullanilan siirtiinme karistirma nokta kaynagi numune baglama aparati

Bu deneysel ¢alismada, yapilan 6n ¢calismalar neticesinde, belirlenen dalma derinligi, dalma hizi, devir
says1 i¢in, farkli karigtirma siirelerinin, kaynak baglantisinin dayanimina etkileri aragtirilmistir. Yapilan
on calismalar goz oniinde bulundurularak, segilen 6 mm dalma derinligi, 100 mm/dak dalma hiz1 ve
2100 d/d devir sayist sabit tutularak, 50, 100, 125, 150, 175 ve 225 sn farkli karistirma siirelerinde
yapilan deneysel ¢aligsmada, kaynak noktalar1 olusturulmustur. Birlestirmenin yeterli dayanima sahip
olup olmadigi, mekanik testlerden ¢ekme testleri ile belirlenmistir. Elektromekanik ve bilgisayar
kontrollii bir ¢ekme test cihazi kullanilarak, kaynakli baglantilara standartlara uygun olarak ¢ekme
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testleri uygulanmistir. Elde edilen ¢ekme kuvvetleri karsilastirilarak, hangi karistirma siiresinde en
yiiksek ¢ekme kuvveti degerine ulasildig tespit edilmistir.

3. DENEYSEL SONUCLAR

Bu deneysel ¢aligmada, yapilan 6n ¢alismalardan faydalanilarak, 6 mm dalma derinligi, 100 mm/dak
dalma hiz1 ve 2100 d/d devir sayisi sabit tutularak, karistirma siiresinin degisiminin, ¢ekme kuvvetine
olan etkisi incelenmistir. 50, 100, 125, 150, 175 ve 225 sn farkli karigtirma siirelerinde yapilan
deneylerde, elde edilen ¢ekme kuvveti degerleri Sekil 5’te goriilmektedir. Karistirma siiresi parametresi
arttikca, gekme kuvvetinin belirli bir degere kadar diizenli olarak arttigi ve maksimum bir ¢ekme kuvveti
degeri yakalandiktan sonra ise diigiis gosterdigi gozlemlenmistir. Karigtirma siiresi parametresini, belirli
bir degerden sonra daha fazla artirmanin, ¢ekme kuvveti degerini daha fazla artirmadig: belirlenmistir.
Boylece bu ¢aligma icin, gekme kuvvetini maksimum yapan, optimum karigtirma siiresi elde edilmistir.

GEKME KUVVETI (M)

50 100 150 200 250
KARISTIRMA SURESI (sn.)

—a— GEKME KUVVETI (1) Dalma Derinligi : 6 mm
Devir Sayisi : 2100 d/d

Sekil 5. 2100 d/d kaynak takimi devir sayis1, 6 mm takim dalma derinligi ve 100 mm/dak takim dalma
hiz1 i¢in, ¢ekme kuvveti lizerine karistirma siiresinin etkisi

Stirtiinme karistirma nokta kaynagi numunelerinin, ¢ekme deneyi sonrasi fotograflar1 Sekil 6’da
verilmigtir. Farkli karistirma siireleri igin, siirtiinme karistirma nokta kaynagi uygulanmig parcalarin
kaynak bolgelerinin gézle yapilan incelemelerinde, tiim numunelerde, kaynak noktasina ait karakteristik
gorliniimiin meydana geldigi ve kaynak islemi sirasinda yumusayan plastik malzemenin, farkli
karigtirma stirelerine bagl olarak farkli oranlarda, kaynak takimi etrafina sivandig1 gozlemlenmistir.
Numunelerin ¢ekme deneyi sonrasina ait fotograflar1 incelendiginde, numunelerin kopma bolgelerinin
gOrliniimii, elde edilen ¢ekme kuvveti degerlerini birebir desteklemektedir.
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Sekil 6. Cekme deneyi sonrasi siirtiinme karistirma nokta kaynagi numuneleri

Bu deneysel ¢aligmada, 6 mm dalma derinligi, 100 mm/dak dalma hizi, 2100 d/d devir sayist ve 50 sn
karigtirma siiresinde olusturulan kaynakli numunede, malzemenin yumusamasim saglayacak, istenen
optimum sicaklik degerlerine ulasilamadig1 anlagilmistir. Bu siirenin yetersiz bir karistirma siiresi
oldugu, F1 nolu numuneden agik¢a goriilmektedir, elde edilen 608 N diisiik cekme kuvveti degeri, bu
durumu agikca desteklemektedir. 6 mm dalma derinligi, 100 mm/dak dalma hizi, 2100 d/d devir sayis1
ve 100 sn karistirma siiresinde olusturulan kaynakli numunede ise malzemenin yumusamasini
saglayacak, istenen optimum sicaklik degerlerine kismen ulasildigi F2 nolu numuneden goriilmektedir.
Kaynak bolgesinde yumusayan plastik malzeme, omuz altindan disa dogru oldukga fazla kacis yaparak,
kaynak bolgesinin etrafinda bir miktar yiikseldigi gortilmektedir. Yapilan kaynak sirasinda, kaynak
bolgesinden oldukca fazla malzemenin uzaklastigi gézlemlenmistir. Kaynak havuzu iginde kalmasi
gereken ve mukavemet degerlerine katki yapmasi gereken malzemenin disa oldukga fazla c¢ikis
yapmasinin, mukavemet degerini olumsuz yonde etkiledigi anlasilmistir. Elde edilen 1298 N ¢ekme
kuvveti degeri bu durumu acike¢a desteklemektedir. 6 mm dalma derinligi, 100 mm/dak dalma hizi, 2100
d/d devir sayis1 ve 125 sn karigtirma siiresinde olusturulan kaynakli numunede ise malzemenin
yumugamasini saglayacak istenen optimum sicaklik degerlerine ¢cok yaklasildigr F3 nolu numunenin
kopma bolgeleri incelendiginde, uzama liflerinden ve kopmanin seklinden agik¢a goriilmektedir.
Kaynak bolgesinde yumusayan plastik malzeme, omuz altindan disa dogru daha az kagis yaparak,
kaynak bdlgesinin etrafinda az miktarda yiikseldigi goriilmektedir. Yapilan kaynak sirasinda, kaynak
bolgesinden az miktarda malzemenin uzaklastigi gozlemlenmistir. Kaynak havuzu icinde kalmasi
gereken ve mukavemet degerlerine katki yapmasi gereken malzemenin disa kagisimin az miktarda
olmasinin, mukavemet degerini olumlu yonde etkiledigi anlasilmistir. Elde edilen 1997 N ¢ekme
kuvveti degeri bu durumu net bir sekilde desteklemektedir.

Yapilan deneysel caligmada, 6 mm dalma derinligi, 100 mm/dak dalma hiz1 ve 2100 d/d devir sayis1
sabit tutularak, 50, 100, 125, 150, 175 ve 225 sn farkli karistirma siirelerinde yapilan deneysel ¢aligmada,
cekme kuvvetini 2073 N degerle maksimum yapan optimum karistirma siiresinin 150 sn oldugu
belirlenmistir. En yiiksek ¢cekme kuvveti degerinin elde edildigi siirtiinme karigtirma nokta kaynagi
numunesi F4 nolu numunedir. F4 nolu numuneye ait fotograf, 6 mm dalma derinligi, 100 mm/dak dalma
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hizi, 2100 d/d devir sayist ve 150 sn karigtirma siiresinde olusturulan kaynakli numuneden elde
edilmistir. Yapilan bu ¢aligmada, kaynak i¢in malzemede, en uygun yumusama durumunu saglayacak
istenen optimum sicaklik degerlerine 150 sn karistirma siiresinde ulasildigi anlagilmistir, F4 nolu
numunenin kopma bolgeleri incelendiginde, uzama liflerinden ve kopmanin seklinden bu durum agik¢a
goriilmektedir. Kaynak bolgesinde yumusayan plastik malzeme, omuz altindan disa dogru ¢ok az kagis
yaparak, kaynak bolgesinin etrafinda oldukca az miktarda yiikseldigi goriilmektedir. Yapilan kaynak
sirasinda, kaynak bdlgesinden ¢ok az miktarda malzemenin uzaklastigi gozlemlenmistir. Kaynak
havuzu iginde kalmasi gereken ve mukavemet degerlerine katki yapmasi gereken malzemenin, disa
kagisinin ¢ok az miktarda olmasinin, mukavemet degerini olumlu yonde etkiledigi anlagilmigtir, bu
caligmada elde edilen 2073 N’luk maksimum ¢ekme kuvveti degeri bu durumu agikga desteklemektedir.
Ozellikle F3, F4 ve F5 nolu numunelerin kopma bolgeleri incelendiginde, benzer cekme lifleri ve benzer
kopma sekillerine ulasildigi goriilmektedir. Bu ii¢ numunede, ¢alismanin en yiiksek ¢ekme kuvveti
degerlerine ulagilmistir. Bu numunelerdeki, olusan ¢ekme liflerinden ve kopma sekillerinden, elde
edilen cekme kuvvetlerinin F3, F4 ve F5 nolu numunelerde daha yiiksek ¢ikmasini destekleyen dnemli
veriler ve goriintiiler elde edilmistir. Numuneler incelendiginde de goriilecegi iizere, kopmaya daha fazla
direnen F4 nolu numunede ise, maksimum g¢ekme kuvveti degerine ulasilmistir. Yapilan deneysel
calismada, 6 mm dalma derinligi, 100 mm/dak dalma hizi, 2100 d/d devir sayis1 ve 225 sn karigtirma
stiresinde yapilan deneysel calismada ise, olusturulan kaynakli numunede, kaynak i¢in en uygun
yumusama degerlerini saglayacak istenen optimum sicaklik degerlerine ulasilamadigi anlasilmistir. Bu
durum ¢ekme kuvveti degerini olumsuz yonde etkiledigi goriilmiistiir. F6 nolu numunenin kopma sekli,
diisiik ¢ekme kuvveti elde edilen F1 nolu numuneye ¢ok benzemektedir. Elde edilen 1300 N diisiik
¢ekme kuvveti degeri bu durumu agik¢a desteklemektedir.

4. SONUCLAR

PE numunelere, ucuna metrik 10 vida disi agilmig, omuz igine 5° egim verilmis ve bu ¢aligma igin 6zel
olarak tasarlanarak imal edilmis bir kaynak takimui ile, yine bu ¢alisma i¢in 6zel olarak tasarlanarak imal
edilmis baglama aparatt kullanilarak, SKNK yonteminin uygulandigi bu deneysel c¢aligmada,
olusturulan kaynakli baglantilarda, karistirma siiresi degisiminin, ¢ekme kuvvetine 6nemli oranda etkisi
oldugu anlasilmustir. Belirli bir dalma derinligi, dalma hiz1 ve devir sayisi i¢in, farkli karistirma siiresi
degerleri kullanilarak, ¢cekme kuvvetini maksimum yapan optimum karigtirma siiresi belirlenmistir.
Yapilan 6n calismalar neticesinde, 6 mm dalma derinligi, 100 mm/dak dalma hiz1 ve 2100 d/d devir
sayisi sabit tutularak, farkli karistirma siirelerinde yapilan deneysel calismada, ¢ekme kuvvetini 2073 N
degerle maksimum yapan optimum karistirma siiresinin 150 sn oldugu belirlenmistir. En yiliksek ¢ekme
kuvveti degerinin elde edildigi SKNK numunesi F4 nolu numunedir. Yapilan bu deneysel ¢alismada,
kaynak i¢cin malzemede, en uygun yumusama durumunu saglayacak istenen optimum sicaklik
degerlerine 150 sn karistirma siiresinde ulasildigi anlagilmistir, F4 nolu numunenin kopma bdlgeleri
incelendiginde, uzama liflerinden ve kopmanin seklinden bu durum agikga goriilmektedir. Kaynak
havuzu i¢cinde kalmasi gereken ve mukavemet degerlerine katki yapmasi gereken malzemenin, disa
kaciginin ¢ok az miktarda olmasinin, mukavemet degerini olumlu yonde etkiledigi anlasilmistir, bu
calismada elde edilen 2073 N’luk maksimum ¢ekme kuvveti degeri bu durumu agik¢a desteklemektedir.
Numunelerin kopma bélgeleri incelendiginde de goriilecegi tizere, kopmaya daha fazla direnen F4 nolu
numunede, maksimum ¢ekme kuvveti degerine ulagilmistir.
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Ozet: Demiryolu sistemleri, ézellikle kent ici ulasimda énemli bir yer tutmakla birlikte gerek insaat gerekse de
isletme faaliyetleri sirasinda ortaya ¢tkan demiryolu titresimleri ¢evresel etkilere yol agmaktadir. Bu bildiride,
demiryolu kaynakli zemin titresimlerinin olusum mekanizmalart ve yayumasinda etkili olan faktorler
incelenmistir. Titregimlerin zemin tiirleri, hat geometrisi, tren hizi ve arag ozellikleri gibi degiskenlere bagl olarak
farklilasan etkileri detaylandirilmakta, bu faktérlerin ¢evresel siirdiiriilebilirlik ve altyapt tasariminda nasil goz
ontinde bulundurulmast gerektigi vurgulanmaktadir. Ayrica, titresimlerin dlgiilmesi ve azaltilmasi i¢in kullantlan
yontemler ve teknolojiler tamitilmistir. Bu ¢calisma, demiryolu kaynakli titresimlerin ¢evresel etkilerini anlamak ve
bu etkileri minimize etmek amaciyla miihendislik ¢oziimlerinin gelistirilmesine katki saglamayr hedeflemektedir.

Anahtar Kelimeler: Demiryolu, Zemin Titresimleri, Titresim Yayilimi, Cevresel Etkiler, Akustik Kosullar
Assessing and Mitigating the Environmental Impact of Railway-Induced Ground Vibrations

Abstract: Railway systems are integral to urban transportation but are often associated with environmental
challenges, particularly in terms of vibrations and noise. This paper explores the key factors influencing the
generation and propagation of railway-induced ground vibrations, with a focus on vibration sources, soil types,
structural characteristics, and environmental conditions. Understanding these factors is crucial for minimizing
the impact of railway vibrations on the environment and developing sustainable infrastructure solutions. The
paper also discusses various methods and technologies used for vibration measurement and mitigation.
Ultimately, the goal of this study is to contribute to the development of transportation systems that are both
environmentally friendly and sustainable, while minimizing the negative impacts of railway-induced vibrations.

Keywords: Railway Systems, Ground Vibrations, Vibration Propagation, Environmental Impacts, Acoustic
Conditions

1. GIRIS

Demiryolu sistemleri, 6zellikle biiyiilk sehirlerde ulasimin temel faktorlerinden biri olarak, yogun
niifuslu bolgelerde kent yasamini kolaylastiran 6nemli bir role sahiptir. Ancak, diger tiim sistemlerde
oldugu gibi, demiryolu inga ve isletme siiregleri de cevresel etkileri acisindan dikkate alinmasi gereken
unsurlardir. Demiryollari, alternatif ulasim yontemlerine kiyasla cevresel etkiler acisindan daha
avantajl bir ulastirma modu olarak 6ne ¢ikmaktadir. Ancak, dogal alanlara yapilan tiim miidahaleler ve
burada gerceklestirilen isletme faaliyetleri, beraberinde cevresel etkileri de getirir. Demiryollarinda,
isletme asamasinda ortaya c¢ikan titresim ve giiriltii sorunlari, bu sistemlerin en belirgin ¢evresel
etkilerinden biridir. Bu faktor, hem sehir ici hem de sehir disinda gegerli olup, her iki ortamda da gevreye
onemli etkiler yaratmaktadir.

Demiryolu kaynakli giiriiltii ve titresimler, demiryolu hatlarina yakin konumdaki yapilar tizerinde
olumsuz etkilere yol agar ve insanlarn yasam kalitesini olumsuz yo6nde etkileyebilir. Bu durum,
ozellikle yerlesim alanlarinin demiryolu hatlarma yakihig: diisiiniildiiglinde, énemli bir sorun teskil
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etmektedir. Demiryolu kaynakli zemin titresimlerinin olusumu ve yayilmasi, zemin ozellikleri, hat
geometrisi, tren hizi ve arag Ozellikleri gibi bir dizi faktdre bagh olarak degiskenlik gosterir. Bu
faktorlerin ayrintili bir sekilde anlagilmasi, ¢evresel etkilerin en aza indirilmesi ve siirdiiriilebilir ulagim
altyapilarinin gelistirilmesi agisindan kritik bir 6neme sahiptir.

Bu ¢alismada, demiryolu kaynakli zemin titresimlerinin olusumu ve yayilmasinda etkili olan temel
faktorler, titresim kaynagindan baglayarak titresimlerin yayildigi zemin tiirlerine kadar genis bir
perspektifte ele alinmaktadir. Bu kapsamda, demiryolu sistemlerinden kaynaklanan titresimlerin ¢evre
iizerindeki etkilerini anlamak tizerine odaklanilmaktadir. Devaminda s6z konusu titresimlerin 6lglilmesi
ve etkilerinin Onlenmesi/azaltilmasina yonelik yontemler tamitilmistir. Titregsimlerin - olugum
mekanizmalari, Uluslararasi Demiryolu Birligi (UIC) tarafindan belirlenen alti temel mekanizma
cercevesinde incelenmektedir.

Ayrica, titresimlerin zeminde olusumu ve yayilmasmi etkileyen faktorler, Amerikan Ulastirma
Dairesi'nin (FTA) siniflandirmasi temel alinarak, titresim kaynagina iliskin faktorler, yayilma yoluna
iligkin faktorler ve gevresel faktorler olmak tizere ii¢ ana baslik altinda degerlendirilmektedir. Bu
caligma, demiryolu kaynakli titresim sorunlarina yonelik kapsamli bir bakis acis1 sunarak, siirdiiriilebilir
ve ¢evreye duyarli ulagim sistemlerinin gelistirilmesine katkida bulunmayi amaglamaktadir.

2. DEMIRYOLU TiTRESIMLERININ OLUSUM MEKANIiZMALARI

Uluslararas1 Demiryolu Birligi’ne (UIC) gore, demiryolu kaynakli titresimlerin olusumu alt1 temel
mekanizma ile agiklanmaktadir(UIC, 2017). Bu mekanizmalar, asagida yer alan Tablo 1'de siralanmig
ve aciklanmustir.

- Quasi-Statik Tahrik

Statik dingil yiikiiniin tren hizi ile hat boyunca hareketiyle olusan diisiik frekansli titresimlerdir.
Zeminde belirli bir uzakliga kadar hissedilebilir.

-Parametrik Tahrik

Ray baglant1 elemanlar1 ve traversler gibi periyodik elemanlarmn etkisiyle olugan titresimlerdir. Dalga
boyu, dingil aras1 mesafe ve travers araligina baghdir.

-Hattaki Esitsizlikler

Hat geometrisi, balast yatagi ve zemin Ozelliklerinden etkilenen, 0.1m-10m dalga boyuna sahip
titresimlerdir.

-Hat Ondiilasyonlar:

Rayin teker ile temas1 sonucu olusan, 0.01m-0.05m dalga boyuna sahip titresimlerdir.
-Hat Baglanti/Geg¢is Noktalari

Cebireli ray baglantilar1 ve makaslar gibi elemanlarin neden oldugu titresimlerdir.
-Teker Yiizeyindeki Esitsizlikler

Teker asinmas1 sonucu olusan, teker geometrisini etkileyen ve titresime neden olan esitsizliklerdir.

Demiryolu
Titregimlerinin

Olusum
Mekanizmalari

|
| | | | | |
A o o . o - Hat baglanti/gegis Teker yiizeyindeki
Quasi-statik tahrik Hattaki esitsizlikler Parametrik tahrik Hat ondiilasyonlari esitsizlikler

Tablo 1 - UIC ’ye Gore Demiryolu Titresimlerinin Olusum Mekanizmalart
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Yukarida bahsedilen titresim mekanizmalari, demiryolu sistemlerinde tek baglarina veya birlikte etkili
olabilirler. Ornegin, tekerlek yiizeyindeki bir kusur hem quasi-statik tahrik hem de parametrik tahrik
yoluyla titresimlere yol agabilir. Quasi-statik tahrik, tekerlegin kusurlu yiizeyinin ray {izerinde hareket
etmesiyle tetiklenirken, parametrik tahrik, tekerlek ve ray arasindaki periyodik temasin (6rnegin
traversler {izerinde) kusur nedeniyle degismesiyle ortaya ¢ikar. Benzer sekilde, hat baglanti
noktalarindaki piiriizliiliikler hem dogrudan titresimlere neden olabilir hem de tekerlek yiizeyinde
kusurlarin gelisimini hizlandirabilir. Bu mekanizmalarin birlesik etkisi, demiryolu sistemlerinde
karmasgik titresim Oriintiilerine yol agabilir.

Demiryolu miihendisliginde, bu titresimlerin analizi ve kontrolii biiyiik 6nem tasir. Titresimler, yolcu
konforunu olumsuz etkileyebilir, ray ve tekerleklerde aginmaya neden olabilir ve hatta yapilarda
hasarlara yol agabilir (H. Hung ve Yang, 2001). Bu nedenle, demiryolu sistemlerinin tasariminda ve
bakiminda, titresim mekanizmalarimin dikkate alinmasi ve uygun Onlemlerin alinmasi gereklidir
(Thompson, 2009). Bu onlemler arasinda, hat geometrisinin optimizasyonu, yiiksek kaliteli ray ve
tekerleklerin kullanilmasi, diizenli bakim ve onarim ¢aligmalar1 ve gerektiginde titresim soniimleme
sistemlerinin kullanilmasi sayilabilir.

2.1 Titresimlerin Zeminde Olusumu ve Yayillmasinda Etkili Faktorler

Amerikan Federal Ulastirma Idaresi (FTA), titresimlerin zeminde yayilim kaynaklarini ve etkilerini iig
ana baglik altinda incelemektedir. Bu bagliklar, titresim kaynagina iliskin faktdrler, titresimin yayilma
yoluna iliskin faktorler ve ¢evresel faktorler olarak siralanmir (Hanson ve digerleri., 2006).

2.1.1. Titresim Kaynagina fliskin Faktorler

Demiryolu kaynakl: titresimler, genellikle raylar ve demiryolu araglarmin etkilesimi sonucu meydana
gelir. Bu etkilesimde farkli faktorlerin etkisi vardir. Titresim kaynagina iliskin faktorler, her ne kadar
¢ogu zaman gozden kacirilan unsurlar olsa da, titresimlerin yayilma hizin1 ve siddetini belirlemede
onemli rol oynar.

-Arag Siispansiyonu

Demiryolu araglarmin siispansiyon sisteminin 6zellikleri, zemin titresimlerinin biiyiikliiglinii ve yayilma
hizint dogrudan etkiler. Yumusak stispansiyonlar titresimlerin soniimlenmesine yardimei olurken, sert
siispansiyon sistemleri titresimlerin daha giliglii bir sekilde yayilmasina neden olabilir. Arag

yayilabilir. Bu durum, 6zellikle hizli tren sistemlerinde 6nemli bir etki yaratir.
-Seyir Yiizeyi

Raylarin yapis1 ve durumu, titresimlerin siddetini ve yayilma seklini etkileyen bir diger kritik faktordiir.
Raylarin yiizeyindeki bozukluklar veya diizensizlikler, titresimlerin daha giiclii ve yaygin bir sekilde
yayilmasina neden olabilir. Ayrica, ray tipinin sertligi ve uzunlugu da bu yayilmay1 etkileyebilir.
Balastsiz sistemler, daha fazla titresim iiretirken, balastli ray sistemleri bu titresimleri bir miktar
soniimlendirebilir (Kouroussis ve digerleri, 2014).

-Seyir Hizi

Seyir hizinin artmasiyla birlikte, demiryolu araglarmin olusturdugu titresimlerin frekans1 da artar.
Yiiksek hizda hareket eden trenler daha fazla enerji iiretir ve bu enerji titresimlerin daha genis bir alanda
yayilmasina sebep olur. Bu, 6zellikle sehir i¢i ulasimda, hizli tren hatlarinin gectigi yerlerde belirgin bir
sorun teskil edebilir (Kouroussis ve digerleri, 2014).

-Tekerlek Tipi ve Durumu

Tekerleklerin durumu, demiryolu kaynakli titresimlerin yogunlugunu etkileyen 6nemli bir faktordiir.
Asinmig veya bozuk tekerlekler, raylar iizerinde daha fazla diizensizlik yaratir ve bu da daha fazla
titresim tUretir. Ayrica, tekerleklerin bigimi ve malzeme 6zellikleri, titresimlerin dogasini degistirerek
yayilma sekillerini etkileyebilir.

|377



/ /

(7 22" UBAK, 08 - 09 March 2025, Ankara (<~
UBAK UBAK

-Titresim Kaynagimin Derinligi

Yeralt1 ve yeryiizii demiryolu hatlarindan kaynaklanan titresimlerin yayilma siirecleri, dalga tiirleri ve
cevresel yapilarla etkilesim gibi ¢esitli faktorlere gore farklilik gosterir. Bu farklar, titresimlerin yayilma
hiz1 ve etkilerini 6nemli 6lgiide degistirir.

-Yol Yapisi

Demiryolu iistyap1 tabakalari, demiryolu kaynakli titresimlerin iletilmesinde onemli bir rol oynar ve
tasarimda titresimlerin etkisi goz oniinde bulundurulmalidir. Rijit-rijit baglantilardan kaginilmas1 gibi
onlemlerle, titresimlerin daha az enerjiyle yayilmasi saglanabilir. Titresimlerin etkili sekilde
sonlimlenmesi i¢in uygun baglant1 elemanlar1 ve soniimleme pedleri kullanilmalidir. Ayrica, iistyapinin
kiitlesinin artmasi, iletilen titresimlerin zayiflamasina yol agabilir.

2.1.2. Titresimlerin Yayilma Yolu ile lgili Faktorler

Titresimlerin zemin i¢inde nasil yayildigi, zemin tiiriine, zemin tabakalarinin 6zelliklerine ve yeralti su
seviyesi gibi faktorlere baglidir. Zemin, titresimlerin yayilma hizini ve siddetini biiylik 6l¢iide belirleyen
onemli bir parametredir.

-Zemin Tiirii

Zemin tlri, titresimlerin yayilma hizini ve siddetini etkileyen bir diger kritik faktordiir. Kum ve ¢akil
gibi gevsek zeminler, titresimlerin daha hizli yayilmasma sebep olabilirken, kil ve kaya gibi sert
zeminler titresimleri daha fazla emer ve yayilimi sinirlayabilir. Zemin tiiriiniin 6zellikleri, titresimin
giliciinil belirlerken, ayn1 zamanda hangi mesafelere kadar yayilacagini da etkiler.

-Zemin Tabakalan

Zemin iizerinde bulunan farkli tabakalar, titresimlerin yayilma hizimi ve karakteristigini belirler.
Ornegin, tas tabakalar, titresimleri daha fazla iletebilirken, organik tabakalar bu titresimleri daha fazla
soniimlendirebilir. Zemin tabakalarmin kalinliklari, yogunluklar: ve elastikiyet modiilleri, titresimlerin
davramsini dogrudan etkiler.

-Yeralt1 Su Seviyesi

Yiiksek yeralt1 su seviyeleri, zemin elastikiyetini etkileyerek titresimlerin yayilmasini1 daha da artirabilir
(Liu ve digerleri, 2017). Su, zemin i¢inde diisiik kohezyon yaratabilir ve bu da titresimlerin daha kolay
yayilmasina yol acar. Bu durum, 6zellikle su seviyesinin yiiksek oldugu bolgelerde, demiryolu hatlari
ve ¢evresindeki yapilar i¢in bir risk faktorii olusturur.

-Kaya Tabakalan

Kaya tabakalarinin derinligi azaldikca, titresim dalgalarmin giicii artar. Kaya tabakalar1 iizerinde insa
edilen demiryolu iistyapilarinda, genlikler daha diisiik olacagi i¢in dalgalarin yayilma hizi daha yiiksek
olacaktir. Kaya tabakalari, gevsek zeminlere gore daha verimli bir yayilma ortami sagladigl icin
titresimler daha az soniimlenir (Celebi, 2006).

2.1.3. Cevresel Faktorler

Titresimlerin algilanmas1 ve ¢evredeki yapilara etkisi, cevresel kosullar ve yapilarin 6zelliklerine bagh
olarak degisir. Yapilarin temelleri, malzeme Ozellikleri ve gevresel faktorler, titresimlerin etkisini
artirabilir veya azaltabilir.

-Yap1 Temel Tiirii

Yapilarin temelleri, titresimlerin zemin ile yapiya iletilmesinde énemli bir rol oynar. Derin temeller,
titresimlerin yapiya aktarilmasini engellerken, sig temeller titresimlerin daha fazla iletilmesine neden
olabilir. Bu durum, 6zellikle hassas ve tarihi yapilar i¢in biiylik bir risk olusturur.

-Bina Tipi ve Yapisal Durum

Eski binalar, modern yapilara gore titresimlere kars1 daha duyarlidir. Bu nedenle, demiryolu kaynakli
titresimlerin ¢evredeki binalara etkisi, yapinin yasina, malzeme tiiriine ve yapisal dayanikliligina gore
degisir. Ayrica, yapilarin i¢ akustik dzellikleri, titregsimlerin algilanma seviyesini etkileyebilir.
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-Akustik Kosullar

Yapilarin igindeki akustik kosullar, titresimlerin nasil algilandigini etkileyebilir. Sert ve yansitic
yiizeyler, titresimlerin daha fazla hissedilmesine neden olabilir. Bu durum, dzellikle ofis binalar1 veya
hastaneler gibi sessizligin 6nemli oldugu alanlarda biiyiik bir soruna yol agabilir (UIC, 2017).

3. TITRESIM OLCUMU/ YONTEMLERI VE ILGILi KAVRAMLAR

Demiryolu kaynakli titresimlerin 6l¢iilmesi ve analizinde kullanilan g¢esitli yontemler ve teknolojiler
bulunmaktadir. Bu yontemler, titresimlerin siddetini, frekansini, yayilma hizin1 ve diger 6zelliklerini
belirlemeye yardimci olur.

-Ivme élgerler

Titresim dlciimlerinde en sik kullanilan sensérlerdir. Ivmedlgerler, titresimlerin neden oldugu ivme
degisimlerini Olgerek, titresim genligi ve frekansi hakkinda bilgi saglar. Farkli tipte ivmedlcerler
(piezoelektrik, MEMS vb.) farkli uygulama alanlari i¢in uygun olabilir.

-Titresim Sensorleri

Ivmedlgerlere ek olarak, titresim sensorleri titresimlerin farkli 6zelliklerini (hiz, yer degistirme vb.)
Olgmek icin kullamlabilir. Bu sensoérler, titresimlerin kaynagi, yayilma yolu ve alicidaki etkileri
hakkinda daha detayli bilgi saglayabilir.

-Sayisal Analiz Yontemleri

Olgiilen titresim verileri, bilgisayar ortaminda gesitli sayisal analiz yontemleriyle (SEY, Frekans Tepkisi
Analizi, Dalgacik Doniisimii vb.) islenerek, titresim frekanslari, genlik spektrumu ve diger 6zellikleri
belirlenebilir. Bu analizler, titresimlerin nedenlerini ve etkilerini daha iyi anlamamiza yardimci olur
(Chik ve digerleri, 2010).

-Pik Parcacik Hiz1 (PPV)

Titresim siddetini belirlemek igin kullanilan bir parametredir. PPV, titresimlerin neden oldugu en
yiiksek parcacik hizini ifade eder ve genellikle zemin titresimlerinin degerlendirilmesinde kullanilir.

-Titresim Seviyesi (VL)

Titresim siddetini logaritmik bir 6l¢ekte ifade eden bir parametredir. VL, insan algisi ve yapisal hasar
riskini degerlendirmek i¢in kullanilabilir.

4. TITRESIM AZALTMA COZUMLERI

Demiryolu kaynakli titresimlerin azaltilmasi ve kontrol altinda tutulmasi1 hem cevresel stirdiiriilebilirlik
hem de yolcu konforu agisindan biiyiik 6nem tasimaktadir. Bu amagla, titresimlerin kaynaginda, yayilma
yolunda ve alicida olmak {iizere farkli asamalarda etkili cesitli mithendislik ¢oziimleri gelistirilmistir
(UIC, 2020).

4.1 Kaynakta Titresim Azaltma Coziimleri

Titresimlerin kaynaginda azaltilmasi, en etkili ve ekonomik ydntemlerden biridir. Bu kapsamda
asagidaki ¢oziimler uygulanabilir:

-Ray ve Tekerlek Bakimi

Ray ve tekerlek yiizeylerindeki diizensizlikler (6rnegin, ray ondiilasyonlari, tekerlek asinmasi) titresim
olusumunun 6nemli nedenlerindendir. Diizenli bakim ve onarim calismalariyla bu diizensizlikler
giderilerek, titresim seviyeleri onemli Olciide azaltilabilir. Ray taslama, tekerlek tornalama ve
ray/tekerlek yaglamasi gibi yontemler bu kapsamda kullanilabilir (Oztiirk ve Arli, 2009).

-Uygun Ray Tipi Secimi

Farkli ray tipleri (6rnegin, siirekli kaynakli raylar, balastli/balastsiz raylar) farkli titresim
karakteristiklerine sahiptir. Proje 0zelliklerine uygun ray tipi se¢imi, titresim seviyelerini optimize
etmek i¢in 6nemlidir (H. H. Hung ve digerleri, 2013).
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-Aragc Siispansiyon Sistemleri

Demiryolu araglarinin siispansiyon sistemleri, titresimlerin araca ve zemine iletilmesini etkiler. Uygun
siispansiyon sistemlerinin (6rnegin, havali siispansiyonlar) kullanilmasz, titresimleri azaltmaya yardimc1
olabilir.

-Aerodinamik Tasarimda lyilestirme

Yiiksek hizli trenlerde, aerodinamik kuvvetler de titresimlere katkida bulunabilir (Thompson, 2009). Bu
nedenle, trenlerin acrodinamik tasarimlari optimize edilerek, titresim seviyeleri diisiiriilebilir.

4.2 Yayllma Yolunda Titresim Azaltma Coziimleri
Titresimlerin zeminde yayilmasimi engellemek veya azaltmak i¢in asagidaki yontemler kullamlabilir:
-Zemin lyilestirme

Zemin Ozelliklerini iyilestirerek, titresimlerin yayilma hizi ve soniimlenmesi iizerinde olumlu etkiler
saglanabilir (Connolly ve digerleri, 2015).

-Titresim Bariyerleri

Zemin ic¢ine insa edilen bariyerler (6rnegin, betonarme duvarlar, hendekler, dolgulu hendekler),
titresimlerin yayilma yolunu keserek, aliciya ulagmasini engelleyebilir. Bariyerlerin etkinligi,
boyutlarina, konumuna ve dolgu malzemesine baghdir. Sekil 1’ de, bir bariyer uygulamasi drnegi yer
almaktadir (Bose ve digerleri, 2018).

Sekil 1 - Zeminde Titresim Bariyeri Uygulamasi

-Titresim Yahtim

Raylarin veya yapi temellerinin elastik malzemelerle (6rnegin, kauguk, mantar, elastomerler)
yalitilmasi,ve uygun ray baglanti elemanlarinin secilmesi, titresimlerin iletilmesini azaltarak, yayilimi
engelleyebilir (Real ve digerleri, 2013). Sekil 2’de, bu baglant1 elemanlarma 6rnek olarak Pandrol
Baglant1 eleman1 gorseli yer almaktadir.

Sekil 2 - Pandrol Baglanti Elemani
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-Yesil Alan Olusturma ve Agaclandirma

Yesil alanlar ve agaglar, titresim enerjisini emerek ve dagitarak, titresim seviyelerini diigiirebilir.
4.3 Alcida Titresim Azaltma Coziimleri

Titresimlerin alicidaki etkilerini azaltmak igin ¢esitli yontemler uygulanabilir.

-Yapisal Yalhitim

Binalarin temelleri veya duvarlari, titresim yalitim malzemeleriyle kaplanarak, titresimlerin yapiya
iletilmesi azaltilabilir.

-Titresim Soniimleyiciler

Yapilara yerlestirilen titresim soniimleyiciler (6rnegin, kiitle soniimleyiciler, sivi soniimleyiciler),
titresim enerjisini emerek, yapisal tepkileri azaltabilir (Connolly ve digerleri, 2015).

-Aktif Titresim Kontrol Sistemleri

Sensorler ve aktiiatorler yardimiyla titresimleri gergek zamanli olarak algilayip, karsit fazda titregimler
iireterek soniimlemeyi saglayan sistemlerdir. Bu sistemler, 6zellikle hassas ekipmanlarin veya yapilarin
korunmasi i¢in kullanilabilir.

Bu ¢o6ziimler, demiryolu sistemlerinin tasariminda, insaatinda ve isletmesinde gbéz Oniinde
bulundurularak, titresim sorunlarinin dniine gegilebilir veya etkileri en aza indirilebilir. Hangi ¢6ziimiin
uygulanacagi, projenin 6zelliklerine, ¢evresel kosullara, maliyet faktorlerine ve yerel yonetmeliklere
bagl olarak degisebilir. Genellikle, birden fazla yontemin bir arada kullanilmasi, daha etkili sonuglar
verebilir.

5. SONUC

Demiryolu kaynakli zemin titresimlerinin yayilmasinda etkili olan faktorlerin anlagilmasi, hem ulasim
altyapisinin ¢evresel etkilerinin minimize edilmesi hem de kentlesme siirecindeki olumsuz etkilerin
azaltilmasi agisindan biiyiik 6nem tasimaktadir. Bu faktorlerin dikkate alinarak yapilan miithendislik
coziimleri ve stratejiler, cevresel siirdiiriilebilirlik agisindan 6nemli katkilar saglayabilir. Ayrica,
yapilarm insasinda kullanilan yontemler ve ¢evresel kosullar goz 6niinde bulundurularak, titresimlerin
olumsuz etkileri en aza indirilebilir.
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