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AMAC ve KAPSAM
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bir dergidir. Miihendislik alanindaki gelismeleri takip etmek, meslek kuruluslar1 ve bireylerin ulusal ve
uluslararasi1 gelisimlerine katkida bulunmak ve bu alanlarda Tiirk¢e bir kaynak olusturmak amaciyla
yayimlanmaktadir. Derginin yazim dili Tiirk¢e/Ingilizcedir. Daha énce baska bir yerde yayimlanmamis
tim 6zglin ve giincel bilimsel arastirma ve uygulamalar1 kapsayan makaleler kabul edilmektedir. Tim
mithendislik alanlar1 ile ilgili teorik/deneysel ve uygulamaya yonelik caligmalar Dergi’nin ilgi
alanindadir. Ceviri ve derleme makaleler kabul edilmemektedir. “Arastirma ve uygulama iceren
makaleleri” yaymlamaktadir.

AIM and SCOPE

Journal of the Engineering Faculty of Cukurova University is a peer-reviewed scientific journal which is
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individuals, and to create a Turkish resource in these areas. The language of the journal is Turkish/
English. All original and up to date scientific research and applications articles that have not been
published elsewhere are accepted. Theoretical/experimental and practical studies related to all
engineering fields are in the scope of the Journal. Translation and compilation articles are not accepted.
The journal publishes “articles of research and practice”.
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Oz

Kiiresel diizeyde, iilkelerin siirdiiriilebilir kalkinma hedeflerine ulagsma c¢abalarinda enerji 6nemli bir rol
oynamaktadir. Ozellikle enerji {iretim sektoriine yapilan yatirimlarm, siirdiiriilebilir enerji politikalarinmn
gelistirilmesine katkisi, iilkelerin uluslararasi konumlar1 agisindan belirleyici bir 6lgiit olarak kabul
edilmektedir. Bu ¢ercevede, iilkelerin yerel ve yenilenebilir enerji kaynaklarin en iist diizeyde kullanma
amaciyla gerceklestirecekleri yatirimlar, ekonomik biiylime, kesintisiz enerji temini, ¢evre duyarliligi ve
verimlilik kriterlerini etkileme zorunlulugunu icermektedir. Mevcut iiretim tesislerinde ise artan enerji
maliyetleri, katilasan emisyon standartlar1 ve siirdiiriilebilir liretim ilkesinin yayginlasmasi firmalar1 bazi
tedbirler almaya zorlamaktadir. Bu baglamda bir¢ok sektorde oldugu gibi tekstil sektorii de, temiz iiretim
ve enerji verimliligi uygulamalarina yonelmektedir. Bu yaklagim sayesinde, kaynaginda biitiinciil bir
strateji ile enerji tiilketimi azaltilarak, hem enerji kaynaklarinin korunmast hem de yesil hedeflerin
gerceklestirilmesine katki saglanmasi amacglanmaktadir. Mevcut literatiirde, tekstil sektdriinde enerji
verimliligi ve temiz tiretim konularinda sinirh sayida 6lgekli calisma bulunmaktadir. Bu ¢alismada, Adana
Organize Sanayi Bolgesinde Faaliyet gosteren entegre bir tekstil tesisi 6rnegi lizerinde uygulanan en uygun
enerji verimliligi projeleri ile enerji kaynaklarindan dogalgaz tiiketiminin azaltilmasini hedeflemektedir.
Bu sekilde, incelenen tekstil tesisinin siirdiiriilebilir tekstil iiretimi ve temiz tretim hedeflerine katki
saglamas1 beklenmektedir. Gergek boyutlarda gergeklestirilen bu enerji verimliligi ¢alismasinda, ¢ok
kriterli karar verme siireglerini kullanilarak yiiriitiilen projelerin agirliklari veya onem dereceleri
belirlenerek, 6nem derecesi yiiksek hedeflere oncelik verilmesi dnerilmistir. Bdylece optimum verimliligin
saglanmasma yonelik bir yol haritasi sunularak, sektoriin siirdiiriilebilir vizyonunu gii¢lendirmeye
potansiyel saglanmasi hedeflenmistir.

Anahtar Kelimeler: Enerji verimliligi, Tekstil sektorii, CKKV, Standart sapma, MAUT

*Sorumlu yazar (Corresponding Author): Asli ABDULVAHITOGLU, aabdulvahitoglu@atu.edu.tr
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Adana Ilinde Bir Tekstil Isletmesindeki Avrupa Birligi Yesil Mutabakat: Uygulamalarinin Cok Kriterli Karar Verme
Yéntemleriyle Analizi

Analysis of European Union Green Deal Implementations in a Textile Enterprise in
Adana Province Using Multi-Criteria Decision-Making Methods

Abstract

At the global level, energy plays a crucial role in countries' pursuit of their sustainable development goals.
Specifically, the significance of investments in the energy production sector, contributing to the formulation
of sustainable energy policies, is acknowledged as a decisive criterion for countries' international standing.
Within this context, countries' investments in harnessing local and renewable energy resources to the fullest
extent not only entail the responsibility to impact economic growth but also ensure uninterrupted energy
supply, foster environmental awareness, and meet efficiency criteria. Amidst prevailing production
facilities, escalating energy expenses, tightening emission standards, and the widespread adoption of
sustainable production principles compel companies to undertake proactive measures. Like numerous other
sectors, the textile industry is increasingly gravitating toward cleaner production and energy-efficient
practices. This strategic approach aims to safeguard energy resources while concurrently advancing green
objectives, achieved by curbing energy consumption at its source. The existing literature offers a limited
number of studies on energy efficiency and clean production in the textile sector. This study seeks to
diminish natural gas consumption through optimal energy efficiency projects implemented within an
integrated textile facility in the Adana Organized Industrial Zone. Consequently, the examined textile
facility is anticipated to make tangible contributions to the aspirations of sustainable textile production and
cleaner industrial practices. Within the scope of this energy efficiency study, conducted in practical
dimensions, the recommendation is to prioritize targets of utmost importance. This prioritization is achieved
by determining weights or levels of significance for the undertaken projects via multi-criteria decision-
making processes. The overarching objective is to furnish the sector with the potential to reinforce its
sustainable vision, thereby presenting a comprehensive roadmap to attain optimal efficiency.

Keywords: Energy efficiency, Textile sector, MCDM, Standard deviation, MAUT

1. GIRIS

Hizla gelisen ve kiiresellesen diinya niifusun hizli
artist evde ve endiistriyel faaliyetlerde tiiketilen
enerji miktarimin siirekli olarak yiikseldigi gercegini
ortaya cikarmaktadir. Bu durum enerjiyi diinya
capindaki  kalkinmanmn  temel itici  giicii
yapmaktadir. Dolayisiyla ekonomik biiyliime ve
enerji tilketimi arasindaki iligki her gecen giin daha
fazla artarak ve karmagiklasarak devam etmektedir
[1]. Tim diinyada sanayi sektdriindeki temel
ihtiyaclar arasinda {ist siralardaki yerini koruyan
enerji talebi, istihdam yaratmaya ve siirdiirmeye
yardimecr olmasi nedeniyle, son yillarda yiiksek
ekonomik bilylime gosteren ve gelismekte olan
iilkelerde zaruretin Otesine gegmektedir [2]. Bu
husus, farkli sektorlerde enerji kullanimindaki hizli
artigin yol actig1 ozon tabakasinda incelme, kiiresel
1sinma, iklim degisikligi vb. bir dizi sorunun ortaya
¢ikmasina da neden olmaktadir [3].

876

Yiiksek enerji tiiketiminin ekonomik refahin da bir
gostergesi haline geldigi giliniimiiz diinyasinda
verimlilik, ekonomik kosullar1 sekillendiren ana
faktorler arasinda yer almaktadir. Enerji ve
hammadde kaynaklarindaki tiikenme goz Oniine
alindiginda, verimliligin iyilestirilmesine yonelik
caligmalar, ekonomik biiyiimeyi saglamanin en iyi
yollarindan biri olarak gériilmektedir. Bu nedenle,
enerji verimliliginin artirilarak, enerji tiiketiminin
azaltilmasi, enerji arzi ve talebinin kargimiza
cikarttigi sorunlarla basa ¢ikmada ve sera gazi
emisyonlarin1 azaltmada iyi bir strateji olarak
ortaya cikmaktadir. Boylece firmalarin rekabet
giicii ve vatandaglarin refah seviyesi ile birlikte
gayri safi yurtigi hasilamin (GSYIH) artirilmasina
da yardimci olunmaktadir [4].

Sanayilesmis iilkelerde imalat sanayi toplam enerji

tiketiminin  %54'tinii olusturmaktadir. Bu oran
icerisinde tekstil sektdriiniin 6nemli bir pay1 vardir

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023
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[5]. Ozellikle Cin ve Tiirkiye gibi kiiresel tekstil
tedarikgisi tilkelerdeki tekstil sektorii, toplam enerji
tilketiminin sirastyla %4'tinden [6] ve %10'undan
[7] sorumludur.

Tiirk Tekstil sektoriiniin en bilylik pazar1t AB’dir.
2025 yilinda AB Yesil Mutabakatina (ABYM)
uyum saglamak amaciyla tekstil ve hazir giyim
sektoriinde enerji tasarrufunu tesvik eden, cevre
dostu teknolojilere yonelik kullanimin artirilmasi ve
iklim degisikligine uyum saglayacak projelerin
desteklenmesi bu noktada biiylik ©Onem arz
etmektedir. Tekstil tiretim stireclerinde detayli
temiz liretim ve enerji verimliligi uygulamalar1 ile
enerji tiiketimi ve hava emisyonlar1 kaynaginda
azaltilabilmektedir. Bu nedenle diger enerji yogun
endiistriyel ~ sektorlerde oldugu gibi  tekstil
sektoriinde de enerji verimliligi ve temiz iiretim
uygulamalarina ihtiya¢ duyulmaktadir. Enerji,
tekstil iretim siireglerinde en Onemli siireg
girdilerinden [8] ve maliyet bilesenlerinden [6,9]
biridir. Enerji genel olarak elektrik ve 1s1 enerjisi
olarak iki temel formda kullanilmaktadir. Elektrik
motorlarini, aydinlatmayz, kompresorleri,
pompalari, dokuma ve egirme makinelerini vb.
cihazlar1 ¢aligtirmak i¢in hemen hemen tiim tekstil
iretim siireclerinde enerji kullanilmaktadir [6].
Tekstil dretim siireclerinde 1s1l enerji ihtiyaci
dogrudan dogalgaz veya fosil yakitlardan tretilen
buhar ile kargilanmaktadir [10].

Denizli ilinde bulunan bir pamuklu/polyester kumas
terbiye-boyama tekstil fabrikasinda Entegre Kirlilik
Onleme ve Kontrol ve Endiistriyel Emisyon
Direktifi'ne gore temiz iretim degerlendirme
calismalar1 yapnustir. Iyi yonetim uygulamalari, su
ve enerji tiiketimi optimizasyonu-minimizasyonu
teknikleri, kimyasal tiiketimi optimizasyonu ve
ikamesi gibi belirlenen 22 Mevcut En lyi Teknigin
uygulanmasiyla teknik ve ¢evresel performanslar,
potansiyel faydalar ve tasarruflar belirlenmistir. Bu
degerlendirmeler, &nerilen 22 Mevcut En lyi
Teknigin uygulanmasindan sonra, bu tekniklerin
gelecekte uygulanmast durumunda su azalmalarin
elde edilebilecegini ortaya koymustur: %43-51 su
tiiketimi, %11-26 enerji tiiketimi, %16-39 kimyasal
tilketimi, %42-52 atik su akig hizi, %2648
kimyasal oksijen talep yiikil, %12-32 atik baca gazi
emisyonlari ve %818 kati atik olusumu. Onerilen

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023

Mevcut En lIyi Tekniklerin geri ddeme siireleri 1—
26 ay olarak tahmin edilmistir [7].

Tekstil sektoriinde gereksiz enerjinin  nasil
Onlenecegine yonelik arastirmalar yapilmig ve bu
kapsamda temel sorunlar belirlenerek ¢ozim
onerileri sunulmustur. Bu c¢alismada kullanilan
enerji kaynaklarinin elektrik ve termal enerji
basliklar1 altinda incelenmesinin amaci daha detayli
bir rapor hazirlamak ve sektérde kullanilabilecek
bir kaynak olusturmaktir. Caligmanin sonucunda
sektorde kullanilan ¢ogu makine ve c¢alisma
yontemi basit 6zellestirmeler ile degistirilerek veya
tasarlanan eski veya calisma yoOntemlerinin
bulunmamasi nedeniyle makinelerde yapilabilecek
yenileriyle degistirilerek %60'a varan enerji
tasarrufu saglanabildigi gézlemlenmistir [11].

Entegre bir yiinlii tekstil tesisinde enerji verimliligi
caligmalar1 yapilmigtir. Sonug¢ olarak, proses
optimizasyonu, proses bazli enerji izleme ve kontrol
sisteminin kurulmasi, atik 1simin geri kazanimi,
buhar kazanlarinin optimizasyonu, modifikasyon
radyo frekansli (RF) kurutucularin kurulumu,
havalandirma-nemlendirme  sistemindeki  fan
motorlarinin modifikasyonu, kompresorlerin dogru
konumlandirilmasi, kompresoér izleme sistemi
kurulumu ve hava emisyonu aritma sistemi
tekniklerin uygulanmasiyla elektrik, termal enerji
ve hava emisyonlarmin sirasiyla %8-27, %12-28
ve %23-45 oraninda azaltilabilecegi bulunmustur.
Mali analize dayali olarak, oncelikli enerji
verimliligi tekniklerinin geri 6deme siirelerinin
genellikle 36 aydan kisa oldugu tespit edilmistir
[12].

Bugiiniin  kiiresellesen ekonomisi ile rekabet
kosullar1 daha zorlu bir hale gelmistir. Endiistriyel
sirketler igin enerji maliyetleri, rekabet giicii
iizerinde giderek daha fazla etkili olmaya baslamis
ve enerjinin etkili bir sekilde kullanilmasi biiyiik bir
O6nem tasimaktadir.

Enerjinin etkili bir sekilde kullanilabilmesi igin en
onemli adimlar, 6l¢lim yapma, analiz etme ve
tasarruf noktalarini belirlemedir. Bu nedenle enerji
analizleri, endiistriyel isletmeler i¢in atilacak ilk
adim olmalidir. Bu analizler sayesinde igletmelerin
enerji  sistemleri  degerlendirilmekte,  enerji
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verimliligi projeleri dnerileri sunulmakta ve kayip-
kacak durumlarina ¢oziimler getirilmektedir. Yazar
tarafindan Web of science core collection ile
yapilan literatiir analizi sonucunda enerji verimliligi

fuzzy decision by Q@INIBA score method

ile ilgili oOzellikle farkli CKKV yontemleri
kullanilarak yapilan c¢aligmalarin  yogunlastigi
noktalar Sekil 1’de gosterilmistir.

multi-criteria d§cision making

building information modelffng

bwwm Wecompressed air

“  multi criteria decision making

'y - cogling
Rhinic sustainability

ranﬁlom wariables ' | 5i_minya city (egypt)

green building
multi-criteria decision-making

mecdm method

environmental profile

fuzzy topsis energy performance indicators

energy conservation
alternative options

energy efficiency

biomass . life cydlié 55"“9"'1'. energy management
lysis, e . \
i sustaipability/ggsessment data modeling ;
* : oy payback analytical hierarchical process
[ s analyti
w - w multi—criteria’ci‘w—making (mcdm) V.
- b3 n

copras

multi-criteria decision m

analytic hier._a_r_cny process (ahp)

Sekil 1. Enerji verimliligi ¢alismalarinin yogunlastigi noktalar

Ulkemiz, enerji kaynaklarim etkili ve cevre dostu
bir bi¢gimde kullanarak, enerjinin iiretiminden son
tiiketimine kadar her asamada verimliligi artirmay1
amaclamaktadir. Ulusal Enerji Verimliligi Eylem
Plani igerisinde bu amag 6ne ¢ikmis ve her endiistri
alt sektoriindeki enerji yogunlugunun en az %10
diisliriilmesine yonelik eylem planlar1
belirlenmistir. 2 Mayis 2007'de yiiriirlige giren
Enerji Verimliligi Kanunu [13], lilkemizde enerji
verimliligi alaninda ilk adimi atmistir ve bu stireci
takiben 27 Ekim 2011'de Enerji Kaynaklarinin ve
Enerjinin Kullaniminda Verimliligin Arttirilmasina
Dair yonetmelik hayata gecirilmistir. En son olarak,
25 Ocak 2020'de giincellenen bu yo6netmelik
kapsaminda:

i.  Yillik toplam enerji tiiketimi 1.000 TEP (Ton
Esdeger Petrol) ve iizeri olan endiistriyel
isletmelerde dort yilda bir

ii. Toplam ingaat alan1 20.000 metrekareden
fazla olan hizmet sektorii binalarinda ise yedi
yilda  bir enerji etidi  yaptirilmasi
gerekmektedir [14].
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Bu baglamda Adana ilinde faaliyet gdsteren Ulusoy
Tekstil firmasi tarafindan hazirlanan Zorunlu Enerji
Etiit Raporunda dogalgaz tiiketiminin azaltilmasina
yonelik bes proje olusturulmus ve uygulama
sonucunda onemli miktarda tasarruf
saglanabilecegi belirtilmistir. Ancak her projeye
etki eden kriterler ayni olmasina ragmen elde edilen
sonuglar farklidir. Burada hangi projeden hangi
oranda fayda saglandiginin tespiti ve yiiksek oranda
fayda saglanan projeye agirlik verilmesi hem
zamandan hem de emekten tasarruf saglayacaktir.
Boylece daha etkili sonug alinacaktir. Bu maksatla
birden fazla kriter ve bes proje bulundugu igin hangi
projenin daha etkili sonu¢ verdigini ve Onem
derecesini bulmak icin Cok Kriterli Karar Verme
(CKKYV) tekniklerinden faydalanilacaktir.

CCKV Yontemleri hayatin hemen hemen her
aninda kullanilmakta olup [15,16], literatiirde
elektrikli arag batarya seg¢iminde [17], motor
sogutma sitemlerinde kullanilan farkl
nanoakiskanlar1 agirliklandirmada [18], biyodizel
iretimine en uygun yagli tohum bitkisinin
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seciminde [19], enerji santrali kurulus yeri
seciminde [20], enerji sektorii finansal performans
degerlendirmesinde [21], rayli sistemler bakim
verimliliklerinin 6nceliklendirilmesinde [22], enerji
iiretim yatirim se¢eneklerinin degerlendirilmesinde

[23] CKKV yontemleri kullanilarak g¢alismalar
yapildigi gOrilmistiir. Ancak CCKV
yontemlerinden Standart Sapma ve MAUT

yontemlerinin tiimlesik olarak kullanildigi ve bir
verimlilik ¢aligmasina konu olan projelerin
kargilagtirilarak ~ siralandigit bir  ¢alismaya
rastlanmamustir.

Ulusoy Tekstilde enerji verimliligi calismalari
kapsaminda, detayli ve yerinde incelemeler
yapilarak hazirlanmis olan ana iretim ve diger
hazirlik siiregleri bazinda enerji tiiketimleri zorunlu
enerji etiit raporunda analiz edilmistir. Tesisin
tiretim siireglerine gore spesifik elektrik, termal
enerji ve hava emisyonlari hesaplanmistir. S6z
konusu raporda tesiste enerji kaynaklarindan
dogalgaz tiiketimini azaltmak igin 5 enerji
verimliligi tekniginden olusan bir proje listesi
hazirlanmistir. CKKV yontemleri ile bu proje
sonuglar1 karsilagtirilmis, standart sapma yontemi
ile kriter agirliklar1 bulunmus ve projeler MAUT
yontemi kendi aralarinda etkinliklerine gore
siralanmistir. Boylece en verimli olarak belirlenmis
projelerin yerine getirilme Oncelikleri ortaya
konulmustur. Bu ¢alisma, gergek verileri kullanarak
tekstil  endiistrisinde  enerji  verimliliginin
iyilestirilmesine yonelik bir ¢alisma olmasi
nedeniyle bu alanda ¢alisan diger arastirmacilara ve
paydaslara katki saglayabilir.

2. MATERYAL VE METOT

Avrupa Birligi Yesil Mutabakati (ABYM)nin
oncelikli  hedefi, ilerici ve ¢o6ziim odakl
politikalarin olusturulmasidir. Bu amag

dogrultusunda degisik sera gazi salinimi azaltilmasi
hedefleri belirlenmistir. ABYM'in 1990 yilina
gore, 2030 yili icin belirledigi sera gazi azaltim
hedefi %50, 2050 hedefi ise karbon nétr bir duruma
ulagmaktir [24]. Tirkiye, kiiresel dlgekte sera gazi
emisyonunda 15. siray1 isgal etmektedir (Cizelge 1)
ve en yliksek sera gazi salimi 1sinma ve enerji
kaynakli emisyonlardan kaynaklanmaktadir [25].
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Cizelge 1.2020 yili fosil kaynakli CO2 salinimi

[25].

Sira | Ulke COz emisyon GT
1 Cin 10,04
2 ABD 4,32
3 Hindistan 2,34
4 Rusya Federasyonu 1,56
5 Japonya 1,00
6 Almanya 0,60
7 Endonezya 0,58
8 | Iran Islam Cumhuriyeti 0,58
9 Gliney Kore 0,55
10 | Kanada 0,52
11 Suudi Arabistan 0,50
12 | Brezilya 0,39
13 Gliney Afrika 0,39
14 | Avustralya 0,38
15 | Tirkiye 0,37
16 | Meksika 0,36
17 | Birlesik Krallik 0,31
18 Vietnam 0,29
19 | Italya 0,28

20 | Polonya 0,28
21 Fransa 0,27

Tiirkiye dahil tim diinya karbondioksit azaltim
hedeflerine ulagmak i¢in 6zellikle enerji kaynakli
emisyonlara odaklanmayir ihmal etmemelidir.
Bununla birlikte, hizla devam eden sanayilesme,
kiiresel 1sinma, artan enerji kullanimi, savas,
catismalar vb kiiresel krizler gz Oniinde
bulunduruldugunda, ABYM'nin sera gazi azaltim
hedeflerine ulagilmasmin giderek zorlastigini
gostermektedir [26].

Ayn1  zamanda, hizla tiikenen fosil enerji
kaynaklarinin azalmasi, enerji alaninda
strdiirtilebilirligin vurgulanmasini ihtiyacini ortaya
cikarmaktadir. Bu baglamda, enerji kaynaklarinin
verimli bir sekilde kullanilmas1 ve siirdiirtilebilirlik
ilkesine uygun olarak, dncelikli olarak yenilenebilir
ve temiz enerji kaynaklarma odaklanilmasi
gerekmektedir.

Enerjide siirdiiriilebilirliginin saglanmasi i¢in [27];

i. Karbon emisyonlarini minimize etmeye,
ii. Cevreye verilen zarar1 elimine etmeye,
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iii. Enerji gecis glivenligini temin etmeye,

iv. Enerji iiretim maliyetlerini minimize etmeye,

v. Yesil teknoloji kullanimint gelistirmeye
ihtiya¢ duyulmaktadir.

Tiirkiye Bilimsel ve Teknolojik Arastirma Kurumu
(TUBITAK) bu ¢alismalar1 desteklemek igin
ABYM’na uyum g¢ercevesinde destekledigi
aragtirma basliklarindan biri olan “Temiz ve
Dongiisel Enerji” ana baslig1 altinda, alti ana baghk
aciklamistir. Bunlardan birisi de “Tekstil ve Deri
Sektorlerinde  Siirdiiriilebilir Uretim ve Karbon
Salimi ile Sera Gazi Emisyonlarinin Azaltilmasina
Yonelik Yenilik¢i Uygulamalar”dir [28].

Bu baglamda c¢aligmalarini yonlendiren 1986
yilinda Cukurova’da kurulmus Ulusoy Tekstil A.S.
Adana Hac1 Sabanci Organize Sanayi Bolgesi’'nde
bulunmaktadir. 180.000 m? agik, 90.000 m? kapal
alanda tretim yapmaktadir (Sekil 2). Ulusoy
Tekstil, biinyesinde modern iplik iiretim tesisleri ve
boyahane {initelerini bulunduran entegre tekstil
kurulugsudur. Aylik 1000 tonun {izerinde iplik
iiretimi yapilmaktadir.

Sekil 2. Ulusoy tekstil tesisi

Fantazi Iplik Boyama sektdriinde faaliyet gdsteren
Ulusoy Tekstil firmasi i¢in olusturulan "Ulusoy
Tekstil Tesisi Zorunlu Enerji Degerlendirme
Raporu" temel almarak bu calisma
gerceklestirilmistir. Bu raporda yapilan caligma
boyahane  initelerini  bulunduran tesisinde
gerceklestirilmistir.

2.1. Standart Sapma Yontemi

Kriterlere ait nicel verilerin bulundugu veya
stibjektif degerlerin sayisal olarak ifade edilebildigi
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problemlerde, 6nem derecelerinin belirlenmesi
maksadiyla basit ve kolay bir sekilde
kullanilabilmesi ve degisik ozellikteki kriterleri
birlikte degerlendirebilmesi nedeniyle tercih
edilmektedir. Uzman degerlendirmesine ihtiyac
duyulmamasi da bir diger tercih sebebidir.
Uygulama dort adimdan olugmaktadir.
Uygulamanin adimlart asagida Sekil 3’de ve
devaminda ise kullanilan esitlikler gosterilmistir.
[19,29-31]

) Kniter
ilc;ndlan_ sapma agurhklanmn
4 erlennin bulunmast:
Matnsin .Imlmmmsl: Esitlik (4)
nomnalize o
Al Esitlik (3)
edilmesi:
Baslngie @ Esithk (2)
matrisinin
olusturulmas
o Esithk (1)

Sekil 3.Standart sapma yonteminin adimlari

[lk asamada x; degerlerinden olusturulan X
baslangic (karar) matrisi (1) numarali esitlikte
gosterilmistir.

X11 X12 X1in
X1 X X

X= 21422 2n (1)
Xm1Xm2 Xmn

Esitlik (2) vektdr normalizasyonu ile X baslangic
matrisi normalize edilir.

xl-j* = _Xij (2)

/Z?él’fijz

Esitlik (3) ile her bir degiskenin standart sapmasi
bulunur.

_ \2
. (rij=7i)

m

3)

Esitlik (4) ile her bir degiskenin standart sapma
degeri tim degigkenlerin  standart sapma
degerlerinin toplamina boliinerek goreli agirliklar
bulunur.

9j
w; = 4
J Iil,oj @)

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023



Duygu Durdu KOC, Asli AVDULVAHITOGLU, Adnan ABDULVAHITOGLU

2.2. MAUT (Multi Attribute Utility Theory: Cok
Olciitlii Fayda Teorisi) Teknigi

MAUT yontemi, sezgisel baglanti kurma ve karar
verme problemlerini ¢6zmek i¢in kullanilan CKKV
yontemlerinden  biridir. =~ MAUT  yontemi
uygulayicilara, ¢elisen amaglar arasindan segim
yapabilme imkan1 saglayarak sezgisel ve aragtirma
odakli bir yaklagim sunar [32]. Karar vericiye, nitel
veya nicel ayrimi yapmaksizin tim faktorleri
degerlendirme imkan verir [33]. MAUT yontemi
bes asamadan olusmakta olup, asamalart Sekil
4.’de, hesaplamalarda kullanilan esitlikler ise
devaminda belirtilmistir [31,34,35,36].

.. Agriliklandirm
Karar Mf:l]g;al a ve toplam
Tk deg er}l,erinin iyl
teskili & flu“mm degerlerinin
bulunmasi

Sekil 4. MAUT yonteminin adimlari

Diger CKKYV tekniklerinin uygulanmasinda oldugu
gibi mxn ebatlarinda Esitlik (5)’te gosterilen X
karar matrisi olusturulur.

X11,X12 " Xin
X1 X : X

X= 21,422 2n (5)
Xm1» Xm2 Xmn

X matrisi degerleri standart sapma yontemi ile
belirlenen kriter agirhik degerleri w; ile ¢arpilarak
agirliklandirtlir.

Cizelge 2. Dogalgaz tasarruf cizelgesi

Her bir kriter normalize islemi i¢in degerlendirilir
ve en iyi deger 1, en kotii deger 0 olarak kabul edilir.
Miiteakiben kriterlerin yonii maximizasyon veya
fayda ise (6), minimizasyon veya maliyet ise (7)
numaralt esitlik kullanilarak matris normalize
edilmis olur.

x; (a)-min(x)

xi(a;) = P E——— fayda yonlii (6)
_ x]-—xi (ai) . o .
xi(a;) =1+ ) —min G maliyet yonlii 7
%)% 4

U= T 1 (®)
X(ay) = Z;’:l x;j(a;). w; 9
(9) nolu esitlikte;
x(aj), secencklerin fayda degerlerini,
Xj (ai), her bir alternatife ait her bir kriterin

normalize edilmis fayda degerini,
Wi, standart sapma yontemi ile elde edilmis
olan agirlik degerlerini ifade etmektedir.

3. BULGULAR VE TARTISMA

Ulusoy tekstil firmasinda yapilan ¢aligmalar sonucu
dogalgaz tiiketiminde tasarruf yapmak icin 5 proje
olusturulmus ve projelerin uygulanmasi ile elde
edilen sonuclar Cizelge 2°de gosterildigi gibidir.

Proje Tasarruf Tiiri CO2 azalma Yatirim Geri
Miktar TEP/y1l TL/y1l ]rfg Ill(/t§1{r111 ma%ll}j.etl/ si;)rizglﬁe{ll
Yogusmali ekonomizer projesi 42745 35,3 125243 8,55 490000 3,91
Kompresor atik 1s1 projesi 27090 22,3 79374 5,42 198250 2,5
Borularda termal kayiplar 13720 11,3 40200 2,74 13000 0,32
Vanalarda termal kayiplar 16749 13,7 49075 3,35 13500 0,28
Yiizeylerde termal kayiplar 65003 53,3 190459 13 338072 1,78

Cizelge 2.’de belirtilen veriler ile X baslangi¢
matrisi olusturulmustur. (2) numarali esitlik
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kullanilarak elde edilen normalize edilmis matris
degerleri agagida Cizelge 3.’te gosterilmistir.

881



Adana Ilinde Bir Tekstil Isletmesindeki Avrupa Birligi Yesil Mutabakat: Uygulamalarinin Cok Kriterli Karar Verme

Yéntemleriyle Analizi

Cizelge 3. Normalize edilmis matris

Cizelge 8. MAUT marjinal fayda matrisi

Proje| ki ka k3 ks | ks ke
P, | 0,566 | 0,571 0,566 | 0,600(0,000 |0,000
P, | 0,261 | 0,262| 0,261 | 0,242{0,612 |0,388
P; | 0,000 | 0,000{ 0,000 | 0,000(1,000 |0,989
P, | 0,059 | 0,057| 0,059 | 0,000(0,999 |1,000
Ps 1,000 | 1,000| 1,000 | 1,000{0,319 |0,587

Normalize edilen matris standart sapma yonteminde
belirtilen Esitlik (3) ve (4)’lin kullanilmas: ile elde
edilen kriterlerin standart sapma degerleri ve
agirliklart Cizelge 4 ve 5’te belirtilmistir.

Cizelge 4. Kriterlerin standart sapmasi
Kriter ki ko k3 ka ks ke
Standart
sapma

0,338 10,359 |0,223 0,318 | 0,184 |0,347

Cizelge 5. Kriterlerin agirliklari
Kriter ki k2 ks ka ks ke
Agirlik 0,191 {0,203 |0,126 |0,180 | 0,104 {0,196

Standart sapma yontemi ile kriterlerin agirlik
degerleri elde edildikten sonra MAUT yontemi ile
uygulanan 5 proje sonucu elde edilen sonuglar
degerlendirilerek projeler siralanmistir. Oncelikle
Cizelge 6’da gosterilen MAUT baglangic matrisi
elde edilmistir. Kirmizi renkli degerler kriterlerin en
iyi, yesil olanlar ise en kotli degerini ifade
etmektedir.

Cizelge 6. MAUT baslangic matrisi
Proje| ki ko ks ke | ks ke
P; | 27090 | 22,3| 79374 5,42 (198250

|

35,3 125243 \

(6) ve (7) numarali esitlikler kullanilarak Cizelge
7’da gosterilen MAUT normalize matris elde
edilmistir.

Ps

Cizelge 7. MAUT normalize matris

Proje ki k2 ks k4 ks ke
P, 0,221 | 0,226| 0,221 (0,253 {0,000 |0,000
P, | 0,041 | 0,042| 0,041 | 0,035/0,265 |0,095
Ps 0,000 | 0,000{ 0,000 | 0,000{ 1,000 |0,970
P, | 0,002 | 0,002| 0,002 | 0,000( 1,002 |1,000
Ps 1,000 | 1,000{ 1,000 | 1,000(0,062 |0,240

Cizelge 8’de belirtilen degerler daha 6nce standart
sapma yontemi kullanilarak elde edilen ve
Cizelge 5’te belirtilen agirliklar ile carpilarak
Cizelge 9°de gosterilen agirliklandirilmis marjinal
fayda degerlerinin bulundugu matris elde edilir.
Miiteakiben her projenin kriterlerine ait agirlikli
marjinal fayda degerleri toplanarak toplam marjinal
fayda degerleri elde edilirr Bu degerlerin
siralanmasi ile projelerin siralamasi elde edilmis
olur. Projelerin siralamasi  Cizelge 10’da
gosterilmistir.

Cizelge 9. MAUT Agirliklandirilmis marjinal fayda

matrisi
Proje ki k2 ks ks ks ke
P, | 0,042 | 0,046 0,028 (0,046 |0,000 |0,000
P, | 0,008 | 0,008/ 0,005 | 0,006(0,028 |0,019
P; | 0,000 | 0,000{ 0,000 | 0,000(0,104 |0,190
P, | 0,000 | 0,000{ 0,000 | 0,000(0,104 |0,196
Ps | 0,191 | 0,203 0,126 | 0,180(0,006 |0,047
Cizelge 10. MAUT yontemi ile projelerin
siralamast
S. Projeler Toplam fayda | Onem
Nu. degeri sirasi
1 Yogusmali 0,161374 4
ekonomizer projesi
2 Kompresor atik 1s1 0,074085 5
projesi
3 Borularda termal 0,294487 3
kayiplar
4 Vanalarda termal 0,301543 2
kayiplar
5 Yiizeylerde termal 0,75337 1
kayiplar

Proje ki k2 k3 ks | ks ke

P, 0,502 (0,504 0,502 (0,502 0,781 [0,784

P, 0,318 (0,319 |0,318 (0,318 (0,316 |[0,501

Ps 0,161 (0,161 |0,161 |[0,161 0,021 [0,064

Ps 0,197 0,196 0,197 (0,197 0,022 {0,056

Ps 0,763 0,762 10,763 0,763 0,539 (0,357
882

Yiriitilen projelerin toplam fayda degerlerine
bakildiginda Cizelge 10°dan 5°nci sirada bulunan
Yiizeylerde Termal Kayiplar1 azaltma projesinin
digerlerinden ¢ok daha fazla fayda sagladigi
goriilmektedir.

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023



Duygu Durdu KOC, Asli AVDULVAHITOGLU, Adnan ABDULVAHITOGLU

4. SONUCLAR

Tiirkiye’de enerji kaynaklarmin etkili ve cevre
dostu bir sekilde kullanilarak enerji iiretiminden
tiketimine kadar her asamada verimliligin
artirilmasi hedeflenen Ulusal Enerji Verimliligi
Eylem Plani, Enerji Verimliligi Kanunu, ABYM
vb.  diizenlemeler ile onemli c¢alismalar
baslatilmigtir. Bu kapsamda olusturulan hiikiimet
politikalar1 ile bazi diizenlemeler getirilirken,
isletmeler ve girisimciler icin tesvikler de
olusturulmustur. Bu baglamda Adana ilinde faaliyet
gosteren Ulusoy Tekstil firmast yaptig1 caligmalari
acikladigt Zorunlu Enerji Etiit Raporunda dogalgaz
tilketiminin azaltilmasina yonelik uyguladigi bes
proje ile 6nemli miktarda tasarruf saglanabilecegi
belirtilmistir. Her bir projeden farkli sonuglar elde
edilmistir. Ayn1 zamanda c¢alisma kapsaminda
verimliligi saglamak i¢in yatirim da yapilmigtir.
Dolayistyla  girdiler ve  c¢iktilarin  birlikte
degerlendirmesi ile dogalgaz tiiketimine en cok
katki saglayan proje ile diger projelerin katki
degerlerinin ortaya konmasi hangi projeye agirlik
verilmesi madadurumunda daha fazla fayda
saglanacaginin tespitinde yoneticilere ve karar
vericilere yardimci olunmasi gerekmektedir. Birden
fazla sonug¢ olmasi ve bunlara etki eden kriterlerin
degisiklik  gostermesi, CKKV yontemlerinin
kullanilmasini 6n plana ¢ikarmstir.

Ulusoy Tekstilin uyguladigt projeler sonucunda
tamamen objektif veriler elde edilmis olmasi. Bu
verilerin uzman degerlendirmelerine  ihtiyag
duyulmadan karsilastirilmasini saglayan MAUT
yonteminde kullanilmasi ile her bir projenin toplam
fayda degeri bulunmasi, en yiiksek fayda degerine
sahip projeye agirlik verilmesi ve diger projelerinde
Onem sirasina gore gerceklestirilmesi gerektigi
sonucuna ulasilmigtir. Bu ¢alisma hayatin hemen
hemen her alaninda kullanilan yaklagik 170 degisik
CCKV yontemlerinden digerleriyle de yapilabilir
ve elde edilen sonuglar karsilastirilabilir. Ayrica
sonuca etki eden degerlerin ¢esitliligi artirilabilir,
elde edilen siibjektif degerler uygun CKKV
yontemleri ile degerlendirilerek yoneticilere karar
destegi saglanabilir. Bdylece karar vericilerin
optimum faydayr saglayacak Kkararlarla emek,
zaman ve maliyette tasarruf etmeleri saglanabilir.
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Oz

Bu ¢aligmada yenilik¢i dogal lif olan soya protein lifinin denim ve spor giyim {iriin olarak iiretilen mamul
kumaglarin yasam dongii analizi (LCA) incelenmistir. Caligmada, denim ve spor giyim {iriin grubundan
secilmis dokuma kumaslarda atkida kullanilmak {izere, pamuk, soya lifi ve pamuk/soya karigim
ipliklerinden olusan 8 farkli harman kullanilmistir. Soya lifi orani, harmanda %10, %30 ve %50 seklinde
secilmig olup diger karisim materyali pamuktur. Atki iplikleri NelO ve Nel6 seklinde iki farkli iplik
numarasinda iiretilmistir. Cozgii ipligi ise tiim kumaslarda ayni olup, %100 pamuk materyalidir. Bu iplikler
kullanilarak 4 adet denim ve 4 adet spor giyim olmak iizere toplam 8 adet kumas dokunmustur. Denim ve
spor giyim iiretim hattinda, isletme kosullarinda, mamul kumaslar elde edilmistir. Numune kumaslara,
secilmis mamul kumas anti-bakteriyel aktivite, renk hasligi ve bazi kumas performans testleri
uygulanmigtir. Soya lifi igeriginin dokuma kumaslarin haslik ve performansinit olumsuz etkilemedigi
goriilmiistiir. Caligmadaki tiim kumas numuneleri, denim ve spor giyim hattinda ayr1 ayr olmak iizere,
Yasam Dongii Analizi (LCA) ¢alismasi ile analiz edilmistir. Soya lifinin yasam dongii analizi ¢alismasinda
en iyi sonug; denim kumas i¢in atkida %90 pamuk-%10 soya lifi ve spor giyim kumas iiretiminde %50
pamuk-%>50 soya lifi ipligi kullanilmis kumaslarda elde edilmistir.

Anahtar Kelimeler: Soya lifi, Denim kumas, Spor giyim kumas, Yagam dongiisii analizi (LCA)

Life Cycle Analysis (LCA) of Finished Denim and Sportswear Fabrics Containing
Innovative Soy Fiber

Abstract

In this study, the life cycle analysis (LCA) of finished fabrics produced as denim and sportswear products
of soy protein fiber, an innovative natural fiber, was examined. In the study, 8 different blends consisting
of cotton, soybean fiber and cotton/soybean blend yarns were used to be used in the weft of woven fabrics
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selected from the denim and sportswear product group. The ratio of soybean fiber is selected as 10%, 30%
and 50% in the blend, and the other blending material is cotton. Weft yarns are produced in two different
yarn counts, Ne10 and Nel6. The warp thread is the same in all fabrics and is 100% cotton material. Fabrics
produced using these yarns; It is woven as 8 different fabrics, four of which are denim and four are
sportswear. Finished fabrics were obtained in the denim and sportswear production line, under operating
conditions. Anti-bacterial activity, color fastness and some fabric performance tests were applied to the
sample fabrics. It has been observed that soy fiber content does not adversely affect the fastness and
performance of woven fabrics. All fabric samples in the study were analyzed by Life Cycle Analysis (LCA)
study, separately for denim and sportswear lines. The best result in the life cycle analysis study of soybean
fiber; It was obtained in fabrics using 90% cotton-10% soy fiber in weft for denim fabric and 50% cotton-

50% soy fiber yarn in sportswear fabric production.

Keywords: Soy fiber, Denim fabric, Sportswear fabric, Life cycle analysis (LCA)

1. GIRIS

Giliniimiizde denim kumaslar giinliik hayatta bash
bagma bir giyim tarzi olmustur. Bu gelisme ve
denime olan yogun talep tekstil sektoriinii de siirekli
bir aray1s icerisine itmistir. Son zamanlarda Ar-Ge
birimlerinin ¢alismalar1 denim kumas iizerinde daha
da yogunlagmigtir. Farkli lifler ve/veya Ilif
karigimlari,  farkli kimyasallar, farkli yikama
regeteleri ve farkli mekanik islemlerle denim
tiriinlerde bir ¢ok yeni renk ve efekt agilimlari
kesfedilmistir. Ayn1 zamanda denim {iretiminde ve
performans parametrelerinde degiskenlerin etkisini
belirli kilabilmek igin bilimsel yaklagimlar da
agirlik kazanmaya baglamigtir [1]. Tiirkiye denim
iiretimi konusunda Avrupa iilkeleri basta olmak
iizere diinyada olduk¢a 1iyi bir tedarikci
konumundadir ve diinya markalarinin birgogunun
denim {iretimi Tiirkiye’de gerceklesmektedir. Ilk
iiretildiginden bu yana denim, tekstil sektoriiniin
vazgecilmez bir parcast olmustur. Tekstil
sektoriiniin en kotih donemlerinde bile sektoriin
amaglarina ulagsmasi igin bir lokomotif gorevi
listlenmistir.

Denim, gerek giinlik ve gerekse stk giyim
kategorisinde olmak iizere diinya modasmin en
cazibeli iiriin grubudur. Denim kumaslar agirlikli
olarak pamuk ipligi icermekte oldugundan insanlar
tarafindan konfor diizeyi yiiksek, doga dostu bir
giyim malzemesidir. Denim kumasin bu denli
biiyiik talep icermesi bu kumasg tiiriinde yenilikgi
calismalarin da Oniinii agmaktadir. Farkli liflerin
kullanimi da bu yenilik¢i ¢aligsmalardan biridir.
Ozellikle de siirdiiriilebilir ve birgok 6zelligi igeren
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(anti-bakteriyel, dogada ¢dzilinebilir, vb) farkli
liflerin kullanimi {riiniin katma degerini ciddi
oranda arttirirken {irliniin tercih edilmesini de
saglamaktadir. Son yillarda denim kumas
tiretiminde ve terbiyesinde ¢evresel faktorleri
dikkate alan c¢aligmalar agirlik kazanmaya
baslamustir. Zervent Unal ve Kiiciik, calismalarmda
gevreci bir uygulama olan ozonlama proses
sartlarin denim kumasin mekanik 6zelliklerine
etkisini incelemislerdir [2]. Kadem ve Sarag [3] 151l
diizenleme, Sabir ve Doba Kadem [4] kaplamali
denim kumasta konfor ve haslik 6zellikleri, Tolek
ve Doba Kadem [5] denim kumagta farkli boyama
prosesi ile performans 6l¢timii, Sabir ve Donmez
[6], kostik azaltmasmin  denim  kumas
performansina etkileri ve Giilsen Bakici ve Doba
Kadem [7] denim kumasta dikilebilirlik {izerine
calismalarda bulunmugslardir. Denim ve spor giyim
iriinlerinde  miisterilerin ~ fakli  beklentilerini
karsilamak icin yeni lifler iiretimde
kullanilmaktadir. Yenilik¢i olarak goriilen pek ¢ok
lifler karigim halinde iplik olarak ozellikle atki
ipligi olarak kullanilabilmektedir. Soya protein lifi
de denim ve spor giyim iiriinlerinde kullanildigina
dair bir ¢aligmaya rastlanmamistir bu nedenle bu
iriin gruplarinda soya lifi, yenilik¢i bir lif olarak
tanimlanabilmektedir.

Soya lifi gilinlimiizde farkli tekstil iriinlerinde
kullanimi ile tiim yonleriyle yavas yavas taninmaya
baslanilan bir lif tiiridiir. Soya fasulyesinden elde
edilen bir protein lifidir. Ulkemiz soya bitkisinde
oldukga iyi bir iiretici durumdadir ancak bu lifin
iretimi heniiz llkemizde mevcut degildir.
Glinlimiizde denim iiretimi ve spor giyim
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iretiminde talep ve dolayisiyla {iretim hacmi
giderek artmaktadir. Bu nedenle bu iirlinlerin yasam
dongti analizleri ile gevresel etkilerinin incelenmesi
de gerekmektedir. Bu c¢aligmada soya lifi
kullanilmig spor giyim ve denim kumas iiretiminin
yasam dongiisii analizi yapilmistir.

Yasam dongiisii  degerlendirmesi, bir {irliniin
tiretimi ya da bir hizmetin saglanmasi sirasinda
kullanilan hammaddelerin temininden baglayarak,
ilgili tim {retim, sevkiyat, tiiketici tarafindan
kullanim ve olusan atiklarin bertarafini1 da kapsayan
yasam dongiisiiniin her bir asamasindaki ¢evresel
etkilerini belirlemek, raporlamak ve denetlemek
icin kullanilan bir yontemdir. Cevresel etkilere
yonelik olarak yapilan arastirmalar 2050 yilina
kadar karbon ayak izinde “0” hedefi nedeniyle
biiyiik 6nem arz etmektedir.

Guinee c¢alismasinda, 1992'de Hollanda Leiden
Universitesi Cevre Bilimi Merkezi (CML), uzun bir
siire i¢in standardi belirleyen Cevresel Yasam
Dongiisii  Degerlendirmesi  (LCA) metodolojisi
hakkinda bir kilavuz yayinlamigtir. O zamandan
beri LCA metodolojisi ¢ok ilerlemis ve Uluslararasi
Standartlar Orgiitii (ISO) LCA hakkinda bir dizi
standart yaymlamistir. Bu gelismeler, LCA
alanindaki diger 6nemli enstitiilerle isbirligi i¢inde
CML tarafindan yazilan yeni bir LCA El Kitabi'na
dahil edilmistir. LCA ile ilgili bu El Kitabinin genel
amaci, LCA i¢in ISO Standartlarina dayanan
bilimsel bir arka plan belgesi ile dogrulanmis ve
adim adim bir LCA c¢alismasi yiiriitmek igin
operasyonel  yonergeleri olan  bir  kitap
olusturulmustur. Farkli ISO elemanlari ve
gereklilikleri, her adim ig¢in “mevcut en iyi
uygulama” icin islevsel hale getirilmigtir. CML,
diriinlerin ~ ¢evresel etkilerini, yani LCA'y1
belirlemek icin standart bir metodolojinin
gelistirilmesinde gii¢lii bir rol oynamaktadir.
Cevresel Toksikoloji ve Kimya Dernegi (SETAC),
Uluslararas1 Standartlar Orgiitii (ISO) ve Birlesmis
Milletler Cevre Programi (UNEP) gibi uluslararasi
forumlar da yapilmaktadir [8]. LCA, arastirma ve
gelistirme siireci, tekstil ve giysilerin etiketlenmesi
icin Oonemli bir aragtir. Tekstil ve Konfeksiyonun
Yasam Dongiisti Degerlendirmesi El Kitab1 (LCA),
sistematik olarak LCA siirecini kapsamli 6rnekler
ve vaka calismalart ile kapsamaktadir. Kitabin
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birinci boliimiinde karbon ve ekolojik ayak
izlerinden bertaraf, yeniden kullanim ve geri
doniistime kadar LCA'daki temel gostergeler ve
siirecler ele alinmaktadir. Tkinci boliimde ise, tekstil
ve konfeksiyon endiistrisindeki ¢ok ¢esitli LCA
uygulamalari tartisilmaktadir. Farkli sahalarda da
yasam dongli analizi iizerine pek c¢ok calisma
bulunmaktadir.

Donmez ve Sabir, denim terbiye isletmelerinde
verimlilik ve yasam dongiisii degerlendirmesi
iizerine deneysel c¢alisma ile yasam dongiisii
analizinin tekstil isletmelerinde uygulanabilecegini
gostermislerdir  [9]. Angela ve Sotirios
calismasinda, pamuk, ipek, yiin, keten, kenevir vb.
gibi dogal lifleri kullanmislardir ve pamuk
yetistiriciligi ve liflerinin ¢evresel etkilerini
degerlendirmek amaciyla tekstil {iretimi incelenmis
olup ve Yasam dongiisii degerlendirmesi (LCA)
kullanilmislardir [10]. Bevilacqua ve arkadaslari,
calismalarinda pamuk ipliginin {iretim asamas1 2,81
CO2 kg-esdegerine esit bir etki sagladigini
belirtmislerdir.  Arastirmacilar  pamuk  ipligi
iiretiminin en kritik etkileri boyama (1.24 CO2 kg-
esd.) ve iplik egirmede (0.64 CO2 kg-esd.)
oldugunu ve reaktif boyama ve pigment boyamanin,
elektrik ve termal enerjiye bagli oldugunu
belirtmislerdir. Termal enerji tiiketimi ile ilgili
olarak boyama tesislerindeki bazi iyilestirmeler
sogutma suyunun geri kazanilmasi, buhar
yogusmasinin kazanlara doniisii veya farkli proses
ile sularin yeniden kullanilmasi seklindedir. Bu
iyilesmelerle, tesisin CO2 emisyonunda %41.7
oraninda azalma saglayacagini1 gostermislerdir [11].
Peters ve arkadaglart c¢aligmalarinda, Yasam
dongiisii degerlendirmesi (LCA), tekstil {iriinlerinin
hammadde ¢ikarilmasindan lifi islemeye, tekstil
iiretimine, dagitimina ve kullanimina, bertaraf veya
geri  donilisime  kadar  ¢evresel etkilerini
degerlendirmek i¢in kullanmislardir [12].

Roos ve arkadaglari, c¢alismalarinda LCA’nin,
tekstil  endistrisi  i¢in  uygulanabilirligi  ve
kimyasallarin g¢evresel etkilerini incelemislerdir.
Suyun tiiketilmesi ve enerji tiiketimi konularinda,
kimyasallarin kullanimi ve emisyonlar1 tekstil
iiriinleri icin 6nemli ¢evresel faktorler oldugunu,
kimyasallarin =~ muhasebelestirilmesinin ~ LCA
metodolojisi ve uygulamasinda zayif bir noktada
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oldugunu belirtmislerdir. Arastirmacilar, LCA'nin
tekstil iiriinlerinin kimyasal performans
degerlendirmelerine deger katip katmadigi ve
LCA'ya toksisite konularmin dahil edilmesinin
tekstil ~ Uriinleri  igin  ¢evresel  performans
siralamalarimi  etkileyip  etkilemedigini  de
arastirmiglar ve LCA'min tekstil endiistrisindeki
cevresel karar vericiler igin yararli oldugu ve
kimyasal etkiler dahil edildiginde daha etkili oldugu
sonucuna varmiglardir [13]. Roos ve Peters diger bir
caligmalarinda, Tekstil endiistrisinde kimyasallarin
kullanim: ve emisyonu ile bu kimyasallarin
bazilarinin kendine 6zgii toksik 6zellikleri 6nemli
oldugunu belirtmisler ve toksik etkilerin kantitatif
degerlendirmesi, “toksik ayak izi” olarak
adlandirilan bir yasam dongiisii degerlendirmesi
(LCA) yaklasiminda bulunmuslardir. Toksik ayak
izi hesaplamasinin, tekstil enddistrisini
kimyasallarin1  daha siirdiiriilebilir ~ kullanima
yonlendirmek i¢in yararli bir ydntem olup
olmadigini incelemiglerdir [14].

Qian ve arkadaglar1 ¢aligsmasinda, denim kumasin
kimyasal = ayak izinin  hesaplanmasi  ve
degerlendirilmesini yapmislardir. Arastirmacilar,
kimyasal hammaddelerin ilk girdileri ve kimyasal
kirleticilerin nihai emisyonlar1 dahil olmak iizere,
biiyiik toksik etkiye sahip kimyasal kategorilerini
tanimlamak i¢in, kimyasal ayak izi (ChF)
kargilagtirmasi ve degerlendirmesi yapmistir. Bu
calismada, tekstil ve hazir giyim iriinlerinin ChF
metodolojisi, vaka caligmasi olarak denim tiretimi
ile USEtox modeli kullanilarak gosterilmistir.
Caligmada yas islem siirecinde, yasam dongiisii
boyunca insan ve ekolojik toksisitelere biiyiik etkisi
olan bircok kimyasal kirletici belirlenmistir [15].
Yi ve arkadaglari, tekstil ve konfeksiyon iiriinlerinin
kimyasal ayak izi (USEtox) modeline dayali insan
ve ekolojik toksisitelerin degerlendirilmesi konulu

calismasinda, Yasam dongiisii  degerlendirme
cercevesinde, kimyasal ayak izinin (ChF)
karsilastirilmasi ve degerlendirilmesini

kullanmiglardir. Bu ¢alismada, ChF tekstil ve hazir
giyim {irlinleri metodolojisi denim pantolonlu vaka
¢alismasi olarak tiretim USEtox modeli kullanilarak
gosterilmistir [16].

Velden ve arkadaglar1 c¢aligmalarinda, pamuk,
polyester (PET), naylon, akrilik ve elastan
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kullanilarak tretilen tekstil Ttriinleri, tekstilin
cevresel ylikiinii aragtirmiglardir. Yasam dongiisii
envanteri (LCI) wverileri, Hollanda hiikiimeti
literatiirinden, yasam dongiisi degerlendirme
(LCA) veri tabanlarindan, emisyon kayit veri
tabanidan ve hem tretim ekipmani hem de tekstil
sirketlerinin  imalat sirketleriyle iletisiminden
toplamislar ve Eko-maliyetler 2012 (6nleme tabanli
bir gosterge), CO2 esdegeri (karbon ayak izi),
Kiimiilatif Enerji Talebi (CED) ve ReCiPe (hasara
dayali bir gosterge) seklinde dort gostergede ortaya
koymuslardir [17].

Wang ve arkadaglari, riin  iretiminden
kaynaklanan sera gazi emisyonlarinin hesaplanmasi
ve degerlendirilmesinde 6nemli bir yontem olan
karbon ayak izini detayli olarak arastirmiglardir. Bu
calismada, tekstil {irlinlerinin muhasebesi ve
degerlendirilmesi tartisilmaktadir. Muhasebe siniri,
her tiirlii yatinmin karbon emisyonu katsayilari,
kamu yatirimlarinin béliinme prensibi ve muhasebe
sonuglarinin degerlendirilmesi igin kalite kriterleri
vb. acisindan Cin'deki biiyiik oOlgekli tekstil
iiretiminin &zellikleri 1s181inda gerceklestirilmistir.
Endiistriyel iiretim agamalarinda ise, karbon ayak
izi aragtirma ve tanittminin gelistirilebilecegi,
bdylece tekstil karbon ayak izinin daha fazla
arastirilmasi igin bu g¢alismanin referans olacagi
belirtilmistir [18]. Dénmez Uzun ve arkadaslari,
denim kumas materyali olarak iplikten geri
doniistiiriilen soya lifi ve pamuktan tiretilmis denim
kumaslarin yasam dongii analizini incelemisler ve
geri  doniistiiriilmiis soyanin ¢evreci bir iiriin
oldugunu gostermislerdir [19].

Bu calisma ile pamuk ile birlikte karsilastirmali
olarak, bitkisel protein esasli olan ve dogaya zarar
vermeyen soya lifinin denim kumas iiretiminde
gevreye zarar verip vermeyecegi ortaya konulmak
istenmistir. Calismada, soya lifi degisen oranlarda
harmanda kullanilarak pamuk karigimli iplikler
iiretilmistir.  Iplikler, BOSSA T.A.S./Adana/
Tiirkiye denim isletmelerinde konvansiyonel
isletme kosullarinda gergeklestirilmigtir. Caligma
konusu denim kumas i¢in de, BOSSA T.A.S./
Adana/Tiirkiye isletme altyapist  kullanilarak
iiretilen kumaslar terbiye prosesleriyle mamul hale
getirilerek besikten kapiya yagam dongiisii analizi
(LCA) yapilmistir.  Calisma, iplik ve kumas
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iiretimi ile kumag terbiyesi seklinde gergeklesen
iiretimde, elde edilen deneysel {riinlerin yagam
dongti degerlendirmesini kapsamaktadir. Soya lifi
icerikli  denim  kumas  yasam  dongiisii
degerlendirmesi tamamlanmis ve ayni kosullarda
iretilen pamuk lifi icerikli denim kumas yasam
dongiisii degerlendirmesi ile elde edilen sonuglar
kargilagtirilmistir.  Secilmis iki farkli atki iplik
numarast ile dokunmus denim kumaslarin
iretiminde tiiketilen enerji, kimyasal ve suyun
Yasam Dongiisii Degerlendirmesi (LCA) ile
dogadaki karbon ayak izi 6lgtimleri yapilmustir.

2. MATERYAL VE METOT
2.1. Materyal

Bu ¢alismada, pamuk ve soya/pamuk icerikli olmak
tizere sekiz farkli atki ipligi kullanilarak spor giyim
ve denim kumaslar tiretilmistir. Cozgil ipligi sabit
olup %100 pamuk ipligidir. Tasarlanan ipliklerin
iiretim bilgileri asagidaki gibidir.

Atki ve ¢ozgii iplik bilgisi:

e Atk ipliklerindeki harman oranmi farkli oldugu
icin ilk olarak harman hallagta elyaf karigimi
yapilmistir.

e Streg atki iplikleri i¢in ring iplik makinesinde 78
dtex elastan beslenerek a =4,5 biikiim katsayisi,
3,5 elastan ¢ekimi ile iplikler tiretilmistir.

e Rijit atki iplikleri ise, a =4,5 bikim
katsayisinda ve c¢ozgii iplikleri ise, a =4,3
biikiim katsayisinda ring iplik makinesinde
uretilmistir.

e Ne 10 numara atki iplikleri igin tur sayis1 14,2
(T/") iken, Ne 16 numara atki iplikleri i¢in tur
sayist 18 (T/")’dir.

e (ozgi ipliginin tur sayis1 13,46 (T/")’dir.

Tasarlanan spor giyim ve denim kumaslarin tiretim
bilgileri Cizelge 1’deki gibidir. 50’ser m olarak
dokunan kumaslarin tarak no ve tarak enleri ayni
olup 60/4, 180 cm dir. ince numarali atk1 ipliginin
kullanildig1 kumaslarda goriintiiniin/yapinin  siki
olmasi i¢in atki sikligi arttirilmistir. Spor giyim
kumasina ‘S’ kodu, denim kumasina ise ‘D’ kodu
verilmistir. Her iki tiir kumastan ¢6zgiisii ayni,
atkis1 (harmani) farkli dérder numune dretilmistir.
Calisma kapsaminda iretilen kumaslardan mamul
denim pantolon dikimi de gerceklestirilmistir.
Pantolon ve soya lifinin denim kumasin arka
yiiziindeki goriiniimii Sekil 1°de verilmistir.

Cizelge 1. Denim ve spor giyim amacl iiretilen 8 farkli kumasin genel 6zellikleri

o S|l || e
I SI | Ne9,8/1 Pamuk g/eo 11006 1Pamuk) Rigid |  Ekru
2 | s2 | Ne9s/1 Pamuk | N1 Streg Ekru
(%90 Pamuk-%10 Soya) + 78 dtex Ea
S| NeO®I Pamuk | U0 Soya)t78 dtex Ea | SUev | Ekm
4] St NeOs/ Pamuk | (i L Soya) Rigid | Ekru
5 DI Ne 9,8/1 Pamuk %2)1160/5 Pamuk) +78 dtex Ea Streg Deep
6 | D2 | Ne9.s/!Pamuk &1960/193muk-% 10 Soya) Rigid | Deep
7 | D3 | Ne98/1Pamuk z;,l;z)/ll’amuk-% 30 Soya)14.2 Rigid | Deep
8 D4 Ne 9,8/1 Pamuk z;)lS%/IPamuk—%SO Soya)+ 78 dtex Ea Streg Deep
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(a)

(b)

Sekil 1. (a) Calisma sonucunda mamul denim kumastan iiretilmis pantolon giyim {irlinii, (b) Atkida soya

lifinin kumas ters yiiziindeki gériiniim
2.2. Metot

Calismada yasam dongiisii  degerlendirmesi,
SETAC(Cevre Toksikoloji ve Kimya Orgiitii
(Society of Environmental Toxicology and
Chemistry )) tarafindan baslatilan yaklagim ile
yapilmistir. Bu kapsamda yapilan analizler asagida
kisaca agiklanmistir.

LCA Cahsmalarinda Hesaplanan Cevresel
Etkiler:

Kaynak Tiiketimi (Abiotic Depletion): Kaynak
Tiiketimi, Yasam Dongiisii  Degerlendirmesi
caligmalarinda dogal kaynaklarin (petrol, demir
cevheri vb.) tiketimini ifade eden etki
kategorilerinden biridir. Kiiresel, bolgesel ve yerel
etki boyutuna sahiptir ve kullanilan mineral
miktarimi ve kullanilan fosil yakit miktarini ifade
eder. Yasam Doéngiisii Degerlendirmesi

892

calismalarinda kaynak tiiketimi kg Sb (Antimon)
cinsinden ifade edilmektedir.

Asidifikasyon  (Acidification):  Asidifikasyon,
asitlestirici maddelerin toprak, yeralt1 suyu, yiizey
suyu, organizmalar, ekosistemler ve malzemeler
iizerinde yarattig1 toksik etkiyi ifade eden etki
kategorisidir. Asidik gazlarin atmosferdeki su ile
reaksiyona girmeleri sonucunda ‘asit yagmuru’
denilen olay gerceklesmektedir. Asit yagmurlarinin
olusumu da ekosistem igerisindeki ¢esitliligin
azalmasina sebep olmaktadir. Yasam Dongiisii
Degerlendirmesi ¢alismalarinda asidifikasyon kg
SO2 esdegeri cinsinden ifade edilmektedir.

Otrofikasyon/Niitrifikasyon (Eutrophication):
Otrofikasyon, havaya, suya ve topraga besi
maddelerinin (nutrients) asirt salinimi nedeniyle
olusan makro besi maddelerinin artiginin sebep
oldugu etkileri ifade eden etki kategorisidir. Nitrat
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ve fosfat gibi besi maddelerinin var olmasi
ekosistem igerisindeki yasamin devamliligi icgin
bliyik o6nem tasiyor olsa da  yiiksek
konsantrasyonlarda bulunmalari sonucu sulak
alanlarda alg patlamalarina neden olmaktadir ve bu
da su igerisindeki oksijen miktarinin azalmasina
sebep olur. Bu durum ekosistemin zarar gérmesine
neden olur. Yasam Dongiisii Degerlendirmesi
calismalarinda niitrifikasyon kg POs esdegeri
cinsinden ifade edilmektedir.

Kiiresel Isinma (Global Warming): XKiiresel
Isinma, iklim degisikligi sebebiyle atmosferin
isinmasint ifade eden bir kavramdir. Kiiresel
1sinmaya en fazla neden olan insan faaliyetlerinden
biri de petrol, komiir ve dogal gaz gibi fosil
kaynaklarin  yakilmasidir.  Yasam  Dongiisi
Degerlendirmesi c¢alismalarinda kiiresel 1sinma kg
CO2 esdegeri cinsinden ifade edilmektedir.

Ozon Tabakast Incelmesi (Ozone Layer
Depletion): Ozon Tabakasi Incelmesi, insan
kaynakl1 emisyonlar (CFC, HCFC, klor, brom vb.)
tarafindan  stratosferdeki  ozon  miktarinin
azalmasini ve ozon deligi olarak adlandirilan ozon
tabakasmin incelmesini ifade eden bir kavramdir.
Ozon tabakasinin delinmesi insanlar, hayvanlar ve
bitkiler iizerinde kanserojen etki yapmaktadir.
Yasam Dongiisii Degerlendirmesi caligmalarinda
ozon tabakasi incelmesi kg CFC-11 esdegeri
cinsinden ifade edilmektedir.

Insan Saghg Toksisitesi (Human Toxicity): Insan
saglig toksisitesi, Yasam Dongiisii
Degerlendirmesi ¢aligmalarinda cesitli
kimyasallarin ¢evreye salinimi sonucu insan sagligi
iizerinde yarattig1 toksik etkiyi ifade etmektedir.
Agir metaller gibi insan sagligina toksik etkide
bulunan kimyasallar1 belirten c¢evresel etki olarak
bilinir.  Yasam  Dongiisii  Degerlendirmesi
calismalarinda toksisite kg 1,4-DB (diklorobenzen)
esdegeri cinsinden ifade edilmektedir.

Tathsu Ekotoksisitesi  (Freshwater Aquatic
Ecotoxicity):  Tatlisu  Ekotoksisitesi, toksik
maddedelerin havaya, suya veya topraga karisimi
sonucu Tatlisu ekosistemine olan etkileri ifade eder.
Toksik maddelerin etkisini yansitan Ekotoksisite
Potansiyeli (Ecotoxicity Potential) USES-LCA ile
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hesaplanmaktadir. Yasam Dongiisti
Degerlendirmesi ¢aligmalarinda tatlisu
ekotoksisitesi kg 1,4-DB esdegeri cinsinden ifade
edilmektedir.

Deniz Ekotoksisitesi (Marine Ecotoxicity): Deniz
Ekotoksisitesi, toksik maddelerin deniz
ekosisteminde yarattigi etkileri ifade etmektedir.
Toksik maddelerin etkisini yansitan Ekotoksisite
Potansiyeli (Ecotoxicity Potential) USES-LCA ile
hesaplanmaktadir. Yasam Dongiisti
Degerlendirmesi ¢aligmalarinda deniz
ekotoksisitesi kg 1,4-DB esdegeri cinsinden ifade
edilmektedir.

Karasal Ekotoksisite (Terrestrial ecotoxicity):
Karasal Ekotoksisite, c¢evreye salmman toksik
maddelerin karasal ekosistem iizerinde yarattig1
etkileri ifade etmektedir. Toksik maddelerin etkisini
yansitan Ekotoksisite Potansiyeli (Ecotoxicity
Potential) USES-LCA ile hesaplanmaktadir. Yagsam
Dongiisii Degerlendirmesi ¢alismalarinda Karasal
ekotoksisite kg 1,4-DB esdegeri cinsinden ifade
edilmektedir.

Fotokimyasal Oksidasyon (Photochemical
Oxidation): Fotokimyasal Oksidasyon olarak ifade
edilen foto oksidan olusumu, tarimsal {iriinlere,
insan sagligina ve ekosisteme zarar veren reaktif

maddelerin olusumunu aciklayan etki
kategorilerinden  biridir. ~ Yasam  Dongiisii
Degerlendirmesi  ¢alismalarinda  fotokimyasal

oksidasyon kg C,Hs esdegeri cinsinden ifade
edilmektedir.

3. ARASTIRMA BULGULARI

Bu calisma kapsaminda soya elyafi kullanilarak
pamuk-soya karigimli atki iplikleri {iretilmistir.
Daha sonra bu atki iplikleri kullanilarak denim ve
spor giyim kumaslart dokunmustur. Dokunan
kumaslar terbiye islemlerinden ge¢irilmistir.
Kumaglar mamul oldugunda LCA c¢alismasina
baslanmistir. Bu ¢alisgma kapsaminda, LCA
yapilmadan once {iretilen atki ipliklerinin kalite
standartlarina uygunlugu standart test yontemleri
kullanilarak yapilmistir. Once elyaf ve iplik daha
sonra da kumas testleri tamamlanmistir. Bu sekilde
kalite kontrol agamalarinda gegirilerek {iriin haline
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gelebilecegi tespit edilmis ve LCA c¢aligmasina
baglanmistir. Yasam Dongiisii Degerlendirmesi
(LCA), belirli bir {irlin, proses veya aktivitenin
gevresel performanslarini “besikten mezara kadar”
degerlendiren bir sistem yaklagimidir. LCA, bir
driiniin iretimi ya da bir hizmetin saglanmasi
sirasinda kullanilan hammaddelerin temininden
baslayarak, ilgili tim iretim, sevkiyat, tiiketici
tarafindan kullanim ve olusan atiklarin bertarafini
kapsayan yasam dongiisiiniin her bir agsamasindaki
cevresel etkilerini belirlemek, raporlamak ve
denetlemek icin kullanilan bir yéntemdir. Uretim
esnasinda isletmelerin tiikettikleri dogal kaynaklar,
harcadiklar1 enerji, havaya, suya ve topraga
saldiklar1 her tiirkii kat1 stvi ve gaz emisyonlarinin
en aza indirilmesiyle gerceklesen  ‘Uriin
Siirdiiriilebilirligi ve Temiz Uretim’ ¢aligmalarmin
baslangic noktasi, besikten mezara /cradle to grave)
anlayistyla yapilan Yasam Dongiisti
Degerlendirmesi analizleridir. Kaynak ve enerji
verimliligi ¢aligmalarinin temelini olusturan LCA
Avrupa’da birgok yasanmn olusumunda etkin
bilimsel bir aractir. Yasam dongiisii
degerlendirilmesi (LCA) i¢in SimaPro yazilim
kullanilmustir ve veri girisi yapilarak degerlendirme
yapilmistir. Yasam dongiisii degerlendirilmesinde
hesaplanan cevresel etkilere gore bulgular denim ve
spor giyim i¢in verilmistir.

3.1. Denim
Degerlendirmesi

Kumas Yasam  Dongiisii

Denim kumaslarinin yasam dongii degerlendirmesi
icin Cizelge 2’de D1, D2, D3, D4 denim
kumasglarinin  yasam dongiisii  degerlendirme
detaylar1 verilmistir. Denim kumasinda referans
kumas olarak atki ipligi harmaninda %100 pamuk
olan D1 kumasi baz alinmigtir. D1 kumasi ile D2
kumasi, D1 kumasi ile D3 kumast ve D1 kumasi ile
D4 kumasi kiyaslanmigtir. Kiyaslamada formiil
(1.1) kullanilmistir, Cizelge 3°d2 D1 kumasi ile D2
kumasi, D1 kumasgi ile D3 kumasi ve D1 kumasi ile
D4 kumas1 yasam dongiisii degerlendirme sonuglari
kiyaslanmustir. D1-D2, DI1-D3, DI1-D4
kumaslarinda yagsam dongiisii  degerlendirme
sonuglart  parametreler olarak kiyaslanmstir.
Iyilesme degeri olarak en yiiksek degerde gelen D2
kumas: oldugu goriilmektedir. D2 kumast atki
ipligi, %90 pamuk-%10 soya protein elyafi igeren
kumastir. D2 kumagimin iyilesme degerlerinin iyi
gelmesinin nedeni kullanilan atki ipliginin ince
olmasi1 ve harmanda %90 pamuk-%10 soya protein
elyaft kullanilmasidir. D2 kumaginin atki ipligi
Nel6/1 “dir. Atki ipligi kalinlagtikca yasam
dongiisii degerlendirme paramatrelerinin
degerlerinin iyilesmeye olumlu katki saglamadigi
goriilmektedir.

Cizelge 2. D1, D2, D3 ve D4 kodlu denim kumaslarinin yagam dongiisii degerlendirmesi

(CEI\I/IJI{SI)A p]:?;fllltze]i:;l;()p ian Birim D1 kumasi D2 kumasi D3 kumasi D4 kumasi
gﬁ‘l‘;)tﬁkenm“i (Fosil MJ 22,78596548 | 16,77747703 | 18,24662977 | 24,72083873
Kiiresel 1smma (Gwpl00a) __ |kg CO2 eq 1,817439953 | 1,376760331 | 1,524481988 | 2,030931311
%gg)mbakasmm incelmesi |0 CFC-11eq | 1,14212E-07 | 8,09358E-08 | 9,08402E-08 | 1,25987E-07
i‘t‘lif‘n yasamu iizerindeki toksik |\ o 4 g | 0679740896 | 0,534569312 | 0,596280407 | 0,770535551
lﬁlii“gﬁfaml iizerindeki kg 1,4-DBeq | 5634738522 | 4215383198 | 4,383319421 | 5,534040982
gli?iz yasamu iizerindeki toksikly ) 4 g oo 2206,38016 | 1735,059997 | 1906,547288 | 2475,942935
E’;‘(rsls(aé tfi‘”m izerindeki kg 1.4-DBeq | 0374888566 | 0,278618031 | 0,288472493 | 0,361981935
Fotokimyasal oksidasyon kg C2H4 eq 0,00041669 | 0,000340972 | 0,000434421 | 0,000564456
Asitlestirme kg SO2 eq 0,011348026 | 0,008900015 | 0,01005077 | 0,01298979
Otrofikasyon kg PO4--- eq 0,00609577 | 0,004778924 | 0,005234652 | 0,0067403

Toplam Su Kullanimi m3 0,597113229 | 0,449294395 | 0,498606923 | 0,647825211
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D3 ve D4 kodlu kumaslarla ile yasam dongiisii degerlendirme

kiyaslamasi
CML-IA Baseline Europian (EU 25) . . D1-D2 kumas | D1-D3 kumas | D1-D4 kumas
. Birim

parametreleri kiyaslamasi kiyaslamasi kiyaslamasi
Kaynak tiikkenmesi (Fosil Yakitlar) Mj 26,4 19,9 -8,5
Kiiresel 1sinma (Gwp100a) Kg Co2 Eq 24,2 16,1 -11,7
Ozon tabakasinin incelmesi (Odp) Kg Cfc-11 Eq 29,1 20,5 -10,3
Insan yasanm iizerindeki toksik etki Kg 1,4-Db Eq 21,4 12,3 -13.4
Tatlisu yasamu iizerindeki toksik etki Kg 1,4-Db Eq 25,2 22,2 1,8
Deniz yasamui iizerindeki toksik etki Kg 1,4-Db Eq 21,4 13,6 -12.2
Karasal yasam iizerindeki toksik etki Kg 1,4-Db Eq 25,7 23,1 3,4
Fotokimyasal oksidasyon Kg C2h4 Eq 18,2 -4,3 -35,5
Asitlestirme Kg So2 Eq 21,6 11,4 -14,5
Otrofikasyon Kg Po4--- Eq 21,6 14,1 -10,6
Toplam Su Kullanimi M3 24,8 16,5 -8,5

3.2. Spor Giyim Kumas Yasam Dongiisii Kiyaslamada Esitlik (1) formiil kullanilmis olup

Degerlendirmesi burada

a': Referans kumasi,
Spor giyim kumaglarinin  yasam dongiisii  a : Deneme kumasi gostermektedir.

degerlendirme detaylar1 ise S1, S2, S3 ve S4
kumaslari i¢in Cizelge 4’de verilmistir. Spor giyim
kumasinda referans kumas olarak atki ipligi
harmaninda %100 pamuk olan S1 kumasi baz
almmustir. Spor giyim kumaglarinin yagam dongi
degerlendirmesi i¢in S1 kumasi ile S2 kumasi, S1
kumasi ile S3 kumagt ve S1 kumasi ile S4 kumasi
kiyaslanmustir.

Iyilestirme (%) Hesabi:
Iyilestirme (%) = ?xlOO (1)
Cizelge 5’de S1 kumasi ile S2 kumasi, S1 kumasi
ile S3 kumasi ve S1 kumasi ile S4 kumasi yagsam
dongiisii degerlendirme sonuglari kiyaslanmustir.
Kiyaslama i¢in %iyilestirme hesab1 kullanilmistir.

Cizelge 4. S1, S2, S3 ve S4 spor giyim kumaslarinin yasam dongiisii degerlendirmesi

I(CML-IA Baseline Europian ..

(EU 25) Parametreleri Birim S1 Kumasi S2 Kumasi S3 Kumasi S4 Kumasi
Kaynak tiikenmesi kg Sb eq 8,5536E-06 9,24583E-06  [8,48219E-06 6,77252E-06
Kaynak tikenmesi (fosil yakitlar)MJ 0857621332 P32,6759095 P33,61138412  [8.11135519
Kiiresel 1sinma (GWP100a) kg CO2eq  P,466945705 [2.807079615 [.871358966  P,423112092
%Brf,)tabakasmm incelmesi kg CFC-11eq [2,19063E-07 [.39799E-07 P,26264E-07  [1,85494E-07
Ie‘tllifm yasamu izerindeki Toksik oy 4 pp oo 11094325404 [1.225804744 1222508842 [1,028519269
eTfl‘(tihS“ yasam izerindeki toksik | .1 4 ppeq 11493236922 [15,95955902  [14.43383557  [11,4006717
eDﬂe(‘i“Z yasamu izerindeki toksik oy 4 g oo 874519304  [3283,349520 B407,584413  D897,766682
iﬁagal yasam iizerindeki toksik 1} 4 g0 11079276807 [1,148819639  [1,028681401  {0,80802404
Fotokimyasal oksidasyon kg C2H4 eq ,000600561 ,000708693  10,00075587 ,000677761
|Asitlestirme kgSO2eq  [0,018697876  0,021006412  0,020972001  0,01765687
Otrofikasyon kg PO4-—eq [0,01032128  [0,011467721  0,011305791  0,00942061
Toplam Su Kullanimi m3 1,203827954  |1,307731537  [1,200517295  0,969682992
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Cizelge 5. S1 kodlu kumas ile S2, S3 ve S4 kodlu kumaslarin yasam dongiisii degerlendirme kiyaslamasi

CML-IA Baseline Europian (EU 25) . . S1-S2 S1-S3 S1-S4
. Birim
Parametreleri kiyaslamasi [kiyaslamas1 |kiyaslamasi
Kaynak tiikenmesi kg Sb eq -8,1 0,8 20,8
Kaynak tiikenmesi (fosil yakitlar) MJ -143 -17,6 1,6
Kiiresel 1stnma (GWP100a) kg CO2 eq -13.8 -16,4 1,8
Ozon tabakasinin incelmesi (ODP) kg CFC-11eq [-9,5 -3,3 15,3
Insan yasanu {izerindeki toksik etki kg 1,4-DBeq [-12,0 -11,7 6,0
Tatlisu yasamui iizerindeki toksik etki kg 1,4-DBeq [-6,9 33 23,7
Deniz yagami iizerindeki toksik etki kg 1,4-DBeq [-14,2 -18,5 -0,8
Karasal yasam iizerindeki toksik etki kg 1,4-DBeq [-6/4 4,7 25,1
Fotokimyasal oksidasyon kg C2H4 eq -18,0 -25,9 -12.9
Asitlestirme kg SO2 eq -12.3 -12,2 5,6
Otrofikasyon kg PO4---eq  |-11,1 9,5 8,7
Toplam Su Kullanimi m3 -8,6 0,3 19,5

S1-S2, S1-S3, S1-S4 kumaslarinda yasam dongiisii
degerlendirme sonuglar1 parametreler olarak
kiyaslanmistir. Iyilesme degeri olarak en yiiksek
degerde gelen S4 kumasinda oldugu goriilmektedir.
S4 kumasi atki ipligi, %50 pamuk-%350 soya protein
elyafidir. S4 kumasinin iyilesme degerlerinin iyi
gelmesinin nedeni kullanilan atki ipliginin ince
olmasi ve harmanda %50 pamuk-%50 soya protein
elyafi kullanilmasidir. S4 kumasmin atki ipligi
Nel6/1°dir. Atki ipligi kalinlagtik¢a yasam dongiisii

degerlendirme  paramatrelerinin  degerlerinin
iyilesmeye olumlu katki saglamadig
goriilmektedir.

4. SONUC

Pamuk ve pamuk/soya karigimli ipliklerden spor ve
denim giyim amaciyla sekiz farkli kumas
iretilmistir. LCA ¢alismalar1 dncesinde, kumaglara
yonelik haslik ve performans testleri yapilmistir ve
kumaglarin ticari olarak kullanilabilir oldugu ortaya
konulmustur. LCA c¢alismasi uygulanmis ve
sonuglart alinmigtir. Denim kumas i¢in %90 pamuk
-%10 soya harmanli atki ipligi kullanilarak tiretilen
kumasin yagam dongii analizinde;

¢ Ozon tabakas1 incelmesinde : % 29,1
¢ Kaynak tiikenmesi (fosil yakitlar) : % 26,4
¢ Karasal yasam iizerinde toksik etkisi: % 25,7
e Tatli su yagamu lizerindeki toksik etkisi : % 25,2
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iyilesme saglandig1 goriilmiistiir. Spor giyim kumas
icin %50-50 pamuk-soya atki ipligi kullanilarak
iiretilen kumasin yagam dongii analizinde ise;

¢ Ozon tabakasi incelmesi : % 15,3
e Kaynak tiikenmesi : % 20,8
e Karasal yasam iizerinde toksik etkisi : % 25,1
e Tatli su yagamu tizerindeki toksik etkisi : % 23,7
iyilesme saglandigi goriilmiigtir. Soya  lifi

kullanilarak yapilan iiretimde;

e Denim kumas igin atkida %90pamuk-%10 soya
lifi harmanli iplik kullaniminin ve

e Spor giyim kumas iretiminde ise atkida %350
pamuk-%50 soya lifi harmanli iplik kullaniminin

LCA c¢alismalarinda en
goriilmektedir.

iyi sonucu verdigi

Arastirma sonuglarindan goriildiigii lizere, denim ve
spor giyim amagli olarak tiretilen kumaslarda soya
protein lifinin kullanilmas1 yagam dongii analizinde
olumsuz etki yapmadigi ve soya lifinin kullanilmas1
yasam dongii analizinde iyilesmelere neden oldugu
ortaya konulmustur.

Bu calisma ile soya lifinin yenilikgi, insan ve doga

dostu bir lif olarak denim ve spor giyimde
kullanilabilecegi ortaya konulmustur.
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Abstract

In this study, the images of the yarns were taken using a stereomicroscope. MATLAB software was used
in image processing studies. The recommended image acquisition and processing steps in previous studies
were followed, and the obtained results from textural parameters of images were compared with the results
of Uster H and sh. The highest correlation in Uster H hairiness was obtained in the entropy textural
parameter of the Sobel technique. The highest correlation in Uster sh hairiness was obtained in the mean of
matrix elements (mean2) from the textural parameters in the Sobel technique. In general, higher correlation
results were found in Uster sh than in Uster H. It has been observed that the Uster H results have deficiencies
in determining the hairiness of dyed yarns. The different from the literature, this study presents that among
the hairiness parameters, Uster sh shows the values closest to the real.

Keywords: Yarn hairiness, Uster tester, Image processing, Edge detection algorithm, Textural parameters
of image

Bir Goriintii Analiz Yaklasim ile Uster Tiiyliiliikk Sonu¢larimin
Degerlendirilmesi

Oz

Bu ¢aligmada ipliklerin goriintiileri stereomikroskop kullanilarak alinmistir. Gorlintii isleme ¢aligmalarinda
MATLAB yazilimi kullanilmistir. Onceki galismalarda onerilen gériintii elde etme ve isleme adimlar
izlenmis ve goriintiilerin dokusal parametrelerinden elde edilen sonuglar, Uster H ve sh sonuglariyla
karsilastirilmigtir. Uster H tliyliligiindeki en yiiksek korelasyon, Sobel tekniginin entropi dokusal
parametresinde elde edilmistir. Uster sh tiiyliiliigiinde en yliksek korelasyon, Sobel tekniginde dokusal
parametrelerden matris elemanlarinin ortalamasinda (mean2) elde edilmistir. Genel olarak Uster sh'de Uster
H'ye gore daha yiiksek korelasyon sonuglart bulunmustur. Uster H sonuglarmin boyali ipliklerin
tiyliilligiini belirlemede eksiklikleri oldugu goriilmiistiir. Literatiirden farkli olarak, bu ¢alisma, tiiyliilik
parametrelerinden Uster sh'in gergege en yakin degerleri gosterdigini ortaya koymaktadir.

Anahtar Kelimeler: Iplik tiiyliiliigii, Uster Tester, Goriintii isleme, Kenar belirleme algoritmasi, Goriintii
doku parametreleri
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1. INTRODUCTION

Yarn hairiness is an important part of total yarn
quality control. Excessive hairiness can cause
production problems in weaving and knitting. In
addition, variation in hairiness can adversely affect
the quality of the final product. There are studies in
the literature for the development of existing
techniques used for the determination of yarn
hairiness. For instance, it is stated that changes in
test speed affect yarn hairiness results. To remedy
this, placing a blowing pipe outside the hairiness
test area is among the sensible suggestions [1].
There are many studies in the literature with similar
recommendations. In recent years, digital image
acquisition and processing techniques are also
recommended as an alternative to existing
techniques in order to determine yarn hairiness
more accurately.

To determine yarn hairiness, Ozkaya et. al,
proposed an image processing technique using both
the number of hairs and hair lengths. In this way,
hair density distribution profile was obtained. They
pointed out that their results were compatible with
Uster Tester's H index. Researchers also stated that
it can give better results than Uster Tester in color
and material change [2]. Zhang and Xin, compared
the new digital image processing techniques
proposed in the literature with traditional detection
methods to evaluate the yarn appearance. It was
emphasized in their study that new techniques can
give more appropriate results depending on the
developments in this field in terms of objectivity,
speed and accuracy [3]. Sun et. al., captured the
yarn images by MOTIC video system to determine
the hairiness and to detect the edges of the yarn
body. Differently from other studies, images were
separated into many small segments for the
evaluating long hairs by different measurement
lines and different segmentation steps [4]. Wang et.
al., proposed an image processing method using the
yarn blackboard. From the image of the yarn
blackboard, the yarn diameter was determined by
algorithms, and the yarn body and hairs were
divided into sections. Based on these data, the
hairiness index was calculated and compared with
the Uster H results. [5]. Jing et. al., unlike other
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studies, examined the results of yarn segmentation
with five different algorithms. They used the Uster
Zweigle HL400 hairiness tester for comparison [6].
Guo et. al., suggested an online yarn image
acquisition on the sizing machine. Researchers
processed the received images and compared them
with the Uster Zweigle Tester [7]. Telli, presented a
different image processing approach to determine
yarn hairiness. Researchers examined seven
different edge detection algorithms and seven
textural parameters and compared the results
obtained with Zweigle G567 results. A strong
correlation was obtained between image processing
results and Zweigle hairiness. In the study, 100%
cotton yarns produced in three different spinning
systems were used [8]. When the study was
repeated with yarns in different raw materials,
numbers and colors, the correlation values show a
decrease [9]. On the other hand, in the different
version device (Uster Zweigle HL400) using
hairiness  length classification system, no
correlation was found between Zweigle hairiness
[10]. It also has been emphasized in previous
studies that even different version devices using the
hairiness length classification system can give
different results [11].

Today, the most preferred method commercially is
the Uster hairiness (H) value. “H” corresponds to
the total length of the protruding fibers of the yarn
body for 1 cm yarn. The hairiness value is the
average of all 1 cm hairiness values in a tested yarn
sample. The standard deviation of the values
obtained for 1 cm throughout the entire yarn test
length gives the hairiness variation (sh) value. In
this study, the image acquisition and processing
steps recommended in previous studies were
followed, and the obtained results were compared
with the results of Uster H and sh.

2. MATERIAL AND METHODS

Thirteen ring yarns with different structures and
contents were used in the study. The quality
properties of these yarns were measured in the Uster
Tester 4 device with a test speed of 400m/min for 1
minute. The obtained unevenness, imperfections
and hairiness results were presented in Table 1.
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Table 1. Unevenness, imperfections and hairiness results of yarns

Yam g rti cv ?hin TlhiCk Neps H h
arn properties m places places o )

type -50% 50% +200%

01 Ecru Ne 36/1 CO/CV 13,9 0 93 180 4,47 1.1
02 Ecru Ne 40/1 CO/CV 15,2 8 226 426 5.4 134
03 Ecru Ne 28/2 CO/CV/EL 10,1 0 8 9 727 1,72
04 Ecru Ne 36/2 CO/CV/EL 13,5 0 93 33 741 1,78
05 Ecru Ne 40/2 CO/CV/EL 10,8 0 11 25 5,14 128
06 Ecru Ne 50/2 CO/CV 15,8 21 346 190 5,58 1,47
07 Black Ne 28/1 CO/CV 13,7 0 85 123 422 1.29
08 Black Ne 40/1 CO/CV 22,6 376 1668 2506 4,15 1,61
09 Black Ne 28/2 CO/CV/EL 10,1 0 8 13 3.89 1,15
10 Black Ne 36/2 CO/CV/EL 13,2 1 84 49 5,45 1,54
11 Black Ne 40/2 CO/CV/EL 11,1 0 16 33 3,44 1,05
12 Black Ne 50/2 CO/CV/EL 11,8 0 35 79 3,52 1,04
13 Black Ne 60/2 CO/CV 15,2 6 266 161 3,39 1,06

The images of the yarns were taken using a Novel
NSZ 808 stereomicroscope. Image acquisition was
performed at a magnification of 10x from twenty
different regions of the yarn randomly. MATLAB
R2018a software was used in image processing
studies. The following steps were followed in image
processing, respectively [8,10].

1. The image, which has a three-dimensional
matrix in RGB format, has been converted into
two-dimensional matrices.

2. The matrices have been converted to a
“double” format consisting of values between
0-1.

3. 2D median filtering was preferred to reduce
noise in the image.

4. With the histogram equalization technique, the
image input density values were matched to
the new values and the contrast of the image
was increased.

5. The yarn body and hairs separated from each
other with Sobel and Prewitt edge detection
algorithms, which were prominent in previous

studies.
6. Textural parameters of images were
calculated. In the study, three different

parameters recommended in previous studies
were investigated: the mean of the matrix
elements (mean2), the standard deviation of
the matrix elements (std2) and the entropy

(entropy).
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The relationship between textural parameters and H
and sh from Uster hairiness parameters was
investigated statistically with Pearson correlation
analysis. The degree of correlation between the
variables was shown by the correlation coefficient

(1).
3. RESULTS AND DISCUSSION

The obtained textural parameter results as a result
of image processing studies were presented in Table
2.

Table 2. Textural parameters mean results of

different edge detection algorithms
Yarn SOBEL PREWITT
type |mean2 | std2 |entropy|mean2| std2
01 (0,0102/0,1003|0,0820 (0,0101|0,0997
02 (0,0120/0,1085] 0,0934 (0,0118]0,1079
03 (0,0150|0,1213|0,1122 |0,0149|0,1208
04 |0,0144|0,1189| 0,1085 |0,0143|0,1185
05 (0,0118]0,1081|0,0924 (0,0117]|0,1073
06 |0,0121[0,1092] 0,0944 [0,0120[0,1088
07 (0,0113]0,1055|0,0893 (0,0113]0,1053
08 (0,0135/0,1147|0,1025 (0,0134|0,1146
09 [0,0110[0,1042]0,0874 [0,0110]0,1040
10 |0,0138|0,1164|0,1049 |0,0138|0,1161
11 |0,0101|0,1001| 0,0817 |0,0101{0,0999
12 {0,0088(0,0930| 0,0724 |0,0087|0,0928
13 10,0107|0,1027| 0,0854 10,0107{0,1026

entropy
0,0818
0,0925
0,1114
0,1079
0,0917
0,0939
0,0891
0,1023
0,0871
0,1046
0,0814
0,0721
0,0852
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The Evaluation of Uster Hairiness Results with an Image Analysis Approach

All matrix elements consist of 0 in a completely
black image and all matrix elements consist of 1 in
a completely white image. It is expected that the
values of the Uster hairiness will increase as the
values of the textural parameters in Table 2
approach 1, and decrease as they approach 0. In
Table 2, the highest and lowest values for textural
parameters in different edge detection algorithms
were marked. According to Table 2, the highest
values were seen in yarn numbered 03 in both
algorithms and in all three textural parameters. The
lowest values were obtained in yarn numbered 12 in
both algorithms and in all three textural parameters.
In order to understand the change in textural
parameters more easily, the situations before and

after image processing of the third image taken from
yarn number 03 and the twelfth image taken from
yarn number 12 were presented in Figure 1.

Higher values in the images of yarn 03 having
higher yarn hairiness were observed in all three
textural parameters compared to yarn 12. In both
different edge detection methods, the textural
parameter values of yarn 03 were higher than yarn
12. When the textural parameters of the same yarns
were compared in terms of edge detection
algorithm, Sobel had higher values than Prewitt in
all parameters. However, there were insignificant
differences between them.

SOBEL

PREWITT

Yarn Type

mean2 | std2

mean2 std2

entropy entropy

03 0.014%

12 0.0066

0,1210 0.1116

0.0146 0.1201 0,1102

0.0066 0,0570

Figure 1. The situations before and after image processing of images taken from yarn numbered 03 and

12

When the H and sh values in Table 1 were
examined, the second highest H and sh values were
determined in the yarn 03. The lowest sh value was
observed in yarn 12 similar to the results in textural
parameters. Yarn 12 was the third lowest value in
terms of H value. When the values in Table 2 were
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evaluated in terms of edge detection algorithms, it
was seen that there were little differences between
them. The values obtained from Sobel were slightly
higher than Prewitt in all parameters. In order to
make more comprehensive evaluations, the
correlation results between Uster hairiness data in
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Table 1 and the textural parameter data in Table 2
were shown in Table 3-4. In addition to the general

Abdurrahman TELLI

evaluation, correlation analyses are also available
according to color and number of ply in Table 3-4.

Table 3. The correlation coefficient (r) results between textural parameters and Uster H

Pearson correlation coefficient (r) SOBEL PREWITT
mean2 std2 entropy mean2 std2 entropy

All 13 yarns (1-13) 0,827 0,824 0,825 0,818 0,814 0,818

Ecru yarns (1-6) 0,983 | 0980 | 0,983 0,984 | 00982 | 0,985

Black colored yarns (7-13) 0,806 0,799 0,803 0,808 0,797 0,803

All CO/CV single yarns (1,2, 6, 7,8,13) 0,280 0,305 0,290 0,250 0,266 0,260

CO/CV Ecru single yarns (1,2,6) 0,995 0,997 0,997 0,999 0,998 0,999

CO/CV Black plied yarns (1,2,6, 7,8,13) 0,607 0,623 0,615 0,620 0,621 0,618

All CO/CV/ELS yarns (3,4,5,9,10,11,12) 0,938 0,927 0,931 0,932 0,925 0,929

CO/CV/ELS Ecru plied yarns (3,4,5) 0,973 0,974 0,974 0,975 0,977 0,976

CO/CV/ELS Black plied yarns (9,10,11,12) 0,947 0,928 0,935 0,942 0,928 0,936
According to the results in Table 3, a strong correlation values were obtained similarly.
correlation was found between all textural However, correlation values in dyed single-ply
parameters and Uster H hairiness in both yarns decreased and became insignificant. This

techniques. The highest correlation for all 13 yarns
was observed in the entropy from textural
parameters in the Sobel technique (r=0.825).
Similarly, in a previous study on Zweigle S3
hairiness, the highest correlation was found in the
entropy of images processed using the Sobel
technique [8]. When only ecru yarns (1-6) were
evaluated instead of all yarns, higher correlation
values were obtained. The correlation value
decreased in black dyed (7-13) yarns. However,
there was strong correlation in both cases. When all
single-ply yarns (1,2,6) were evaluated, high

situation has also been expressed in previous image
processing studies. It has been stated that Uster H
hairiness may be a problem in dyed yarns and
various estimates have been asserted for the reason
of this situation [2]. In ply yarns, a strong
correlation was found between both techniques and
all three textural parameters, regardless of color.
Considering all the ply yarns, the highest
correlation value was found in the standard
deviation of the matrix elements (std2), which is
one of the textural parameters, in the Prewitt
technique (r=0.977).

Table 4. The correlation coefficient (r) results between textural parameters and Uster sh

SOBEL PREWITT
Pearson correlation coefficient (r)
mean2 std2 entropy mean2 std2 entropy

All 13 yarns (1-13) 0,958 0,950 0,954 0,956 0,951 0,954
Ecru yarns (1-6) 0,967 0,967 0,969 0,970 0,971 0,970
Black colored yarns (7-13) 0,941 0,924 0,930 0,936 0,925 0,931
All CO/CV single yarns (1,2, 6, 7,8,13) 0,957 0,962 0,961 0,957 0,956 0,960
CO/CV Ecru single yarns (1,2,6) 0,953 0,960 0,962 0,969 0,966 0,969
CO/CV Black plied yarns (1,2,6, 7,8,13) 0,975 0,979 0,977 0,978 0,979 0,978
All CO/CV/ELS yarns (3,4,5,9,10,11,12) 0,968 0,957 0,962 0,965 0,958 0,962
CO/CV/ELS Ecru plied yarns (3,4,5) 0,959 0,961 0,960 0,961 0,964 0,962
CO/CV/ELS Black plied yarns (9,10,11,12) 0,961 0,944 0,951 0,957 0,945 0,951
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The Evaluation of Uster Hairiness Results with an Image Analysis Approach

When Uster sh the hairiness values in Table 4 was
examined, different results were encountered
according to Uster H. A strong correlation was
found between all textural parameters and Uster sh
hairiness in both Sobel and Prewitt techniques. The
fact that it is dyed or plied did not change the results.
For all 13 yarns, the highest correlation was
obtained with the mean of matrix elements (mean2),
one of the textural parameters, in the Sobel
technique (r=0.958). When only ecru yarns (1-6)
were evaluated instead of all yarns, higher
correlation values were obtained. The correlation
value decreased in black dyed (7-13) yarns.
Furthermore, strong correlation was found in both
situations. When only single-ply yarns (1,2,6) were
evaluated, high correlation values were obtained
similarly. The different from Uster H hairiness
results in Table 3, strong correlation values were
also obtained in dyed single-ply yarns. In addition,
the highest correlation values among all values were
obtained here. In the standard deviation of the
matrix elements for the both edge detection
algorithms, the highest correlation coefficient
(r=0.979) among all values was obtained. When all
ply yarns were considered, results similar to Uster
H hairiness were observed. Considering all the ply
yarns, the highest correlation value (r=0.968) was
obtained in the Sobel technique, with the mean of
the matrix elements (mean2), one of the textural
parameters.

4. CONCLUSION

In this study, it was possible to separate the hairs
from the yarn body as a result of processing the yarn
images taken under the microscope with different
techniques. The relationship between the textural
parameter values of the obtained images and the
hairiness of Uster H and sh was investigated. For all
thirteen yarns, the highest correlation in Uster H
hairiness was obtained in the entropy textural
parameter of the Sobel technique (r=0.825). The
highest correlation in Uster sh hairiness for all
thirteen yarns was obtained in the mean of matrix
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elements (mean2) from the textural parameters in
the Sobel technique (r=0.958). In general, Uster sh
has higher correlation results than Uster H. It has
been observed that the Uster H results have
deficiencies in determining the hairiness of dyed
yarns. Although it was ignored in previous
academic studies and in the textile market, strong
correlation and better results were obtained
regardless of color and number of ply in Uster sh
hairiness.

The used technique of processing the images taken
from the microscope in the study is a more accurate
method in determining the actual yarn hairiness.
But it is a static method. It needs further
development to be fast and efficient. The
deficiencies of hairiness detection methods and
devices used in the market are known and have been
emphasized in previous studies. When evaluated
together with the literature, this study presents that
among the hairiness parameters, Uster sh shows the
values closest to the real.
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Oz

Bu calismada [+55]s sarim konfigiirasyonunda filament sarim teknigi ile imal edilen iki farkli kompozit
borunun boru i¢i malzeme aksinin oldugu alt yapi ve malzeme aktarim uygulamalarinda erozif aginmaya
maruz kalabilecek boru i¢ yiizeyinin erozyon davranisi dikkate alinarak arastirilmistir. Bazalt elyaf
takviyeli kompozit boru (BETKB) ile agirlik¢a %0,25 grafen nanoplakalar ile giiglendirilmis bazalt elyaf
takviyeli kompozit borularin (GNP/BETKB) kat1 partikiil erozyon davranislar: yapilan deneylerden elde
edilen sonuglar dikkate alinarak karsilastirilmistir. Dort farkli ¢arpma hizinda (23 m/s, 28 m/s, 34 m/s,
53 m/s) ve ¢ farkli ¢arpma agisinda (30°, 45°, 60°) aliimina asindiric1 partikiiller boru i¢ ylizeyine
carptirillarak elde edilen erozyon orani degerlendirildiginde grafen nanoplaka takviyesinin bazalt elyaf
takviyeli boruda erozyon asmmasina karsi direnci artirdigi goriilmistiir. Erozyon oranmin oransal
degisiminin de incelendigi grafiklerde de sunuldugu tizere 28 m/s ¢arpma hizinda %50’ye yakin bir erozyon
orani azalimi grafen nanoplaka takviyesi sayesinde elde edilmistir. Her iki borunun aginma modelinin yari
stinek asinma modeline uygun bir davranis sergiledigi belirlenmistir.

Anahtar Kelimeler: Filament sarim teknigi, Erozyon asinmasi, Grafen nanoplaka takviyeli kompozit boru

Investigation of the Role of Abrasive Particle Velocity on the inner Pipe Surface
Erosive Wear Resistance of Composite Pipes Reinforced with Basalt Fibre and
Graphene Nanoplatelets

Abstract

In this study, two different composite pipes manufactured with filament winding technique in [+55]4
winding configurations were investigated by considering the erosive behaviour of the inner surface of the
pipe which may be subjected to erosive wear in substructure and material transfer applications where may
be worn because of material flow. The solid particle erosion behaviour of basalt fibre reinforced composite
pipe (BETKB) and basalt fibre reinforced composite pipes reinforced with 0.25 wt % graphene

*Sorumlu yazar (Corresponding Author): Seyit Mehmet DEMET, smdemet@ktun.edu.tr
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nanoplatelets (GNP/BETKB) were compared by considering the results obtained from the experiments.
When evaluating the erosion rate resulting from impacting alumina abrasive particles on the inner surface
of a pipe at various impact velocities (namely 23 m/s, 28 m/s, 34 m/s, and 53 m/s) and impingement angles
(30°, 45°, 60°), it was observed that graphene nanoplatelets reinforcement increased the resistance to
erosive wear in basalt fibre-reinforced pipes. As indicated by the graphs, which also analyse the
proportional change in erosion rate, the graphene nanoplatelets reinforcement achieved an erosion rate
reduction of almost 50% at the impact velocity of 28 m/s. It was observed that the wear model of both pipes
showed a behaviour suitable for the semi-ductile wear model.

Keywords: Filament winding technique, Erosive wear, Graphene nanoplatelets reinforced composite pipe

1. GIRIS

Kompozit yapiya sahip diger elemanlar gibi
kompozit borularda, birden fazla malzemenin
kullanildig1 ve farkli malzemelerin birleserek yeni
bir malzeme elde edilmesi ile iiretilen bir boru
tipidir. Kompozit borular, kullanilan her bir
malzemenin avantajli 6zelliklerinden yararlanacak
sekilde tasarlanabilmekte bu sayede gelistirilmis
performans Ozelliklerine sahip bir boru eldesi
miimkiin olabilmektedir [1-4].

Kompozit borular, geleneksel metal veya plastik
borulara gore cesitli avantajlar sunar. Ornegin
korozyona karsi direngli bir boru elde edebilmek
icin polimer i¢ astarin kullanildigr kompozit boru
uygulamalari, metal borular1 asindirabilecek
stvilarin ~ taginmasinda  6zellikle  yararli  olan
korozyona karst daha iistiin diren¢ saglamaktadir
[5,6]. Bununla birlikte polimerler ile yiiksek
mukavemet degerlerine sahip dayanikli fiberler
takviye edilerek imal edilen borular sayesinde
yilksek bir mukavemet-agirlik oran1 elde
edilebilmektedir [7-9]. Bu durum, nakliye, kurulum
ve tagima faaliyetlerini kolaylastirmaktadir. Metalik
boru tiplerine kiyasla kompozit borular esnek bir
yaptya sahip olabilmektedirler. Borularm kolay
sekil verilebilmesi montaj alanlarinda kolaylik
saglayabilecek  bir kazanim  saglamaktadir.
Kompozit borunun i¢ yiizeyinde bulunan polimer
astarlar sayesinde piiriizsiizliigii daha iyi yiizeyler
elde edilebilmekte bu durum ise boru igerisindeki
akista enerji tasarrufu saglayacak bir art1 olacaktir.
Tiim bu etkileri gdz Oniine alarak gesitli ¢caligma
ortamlarinda daha uzun 6miirlii ve verimli bir boru
performansi elde edilebilmektedir.
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Kompozit borular; petrol sanayi, kimyasal isleme
tesisleri, su dagitim sebekeleri ve altyap: projeleri
gibi  ¢esitli  endistrilerde  uygulama  alani
bulmaktadir [10-14]. Avantajli 6zellikleri sayesinde
asindirici ortamlarda, yliksek basinglt
uygulamalarda, hatta geleneksel malzemelerin
uygulanmasinin ¢esitli dezavantajlarinin oldugu
durumlar da dahil olmak iizere ¢ok ¢esitli kosullar
i¢in uygun kullanim alanlar1 bulmaktadir. ilerleyen
teknoloji ve malzeme g¢esitliligi ile birlikte
kompozit borularin performans ve uygulama
yelpazesinin de genigleyecegi diigiiniilmektedir.

Bu c¢alismada erozif ortamda bulunabilecek grafen
nanoplaka ile giiclendirilmis bazalt elyaf takviyeli
kompozit borunun kati partikiil erozyon asinmasi
aragtirilmistir. Bazalt elyafin yiiksek kimyasal ve
1s1l denge, yiiksek 1s1 ve elektrik yalitimi gibi
ozellikleri bilinmektedir. Bununla birlikte bazalt
elyaflar —230°C ile +700°C sicaklik araliginda
kullanilabilme avantajina sahiptir. Bazalt elyafin
yiiksek mukavemet/agirlik orani ve korozyon
direnci saglamasi tribolojik olarak pozitif bir katki
sunmaktadir [15,16]. Kompozit boru erozyon
asinmasmin incelendigi bu ¢alismada deney
numuneleri farkli hizlarda ve farkli carpma
acilarinda kat1 partikiil erozyon testlerine tabi
tutularak grafen nanoplaka takviyesinin erozyon
asinmasina etkisi incelenmigtir. Boru i¢i kati
partikiil akis1 deneysel ortamda simiile edilerek
farkli parametreler altinda boru i¢ yiizeyinde olusan
asinma durumlart degerlendirilmistir. Grafen ile
giiglendirme yapilmamis olan bazalt elyaf takviyeli
kompozit borularin kati partikiil erozyon asinmasi
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davranisi [17] ile grafen nanoplaka ile gliglendirilen
borularin erozyon davranigi karsilagtirtlmisgtir.

2. MATERYAL VE METOT

2.1. Deney Malzemesi

Kompozit borularda kullanilan bazalt lifler 13 pm
ve 1000 m elyaf uzunlugu 400 gram olan
monofilament 6zellige sahip olup, matris olarak
Bisphenol-A epoksi regine ve anhidrit bazl
kiirleme ajant kompozit borunun imalatinda
kullanilmustir. Bu ¢aligmada kullanilan bazalt elyaf
takviyeli kompozit malzeme; 800 m*/g yiizey alani,
3—7 nm katman kalinlig1, ortalama 1,5 um katman
genisligi  ve %99,9 safliga sahip grafen
nanoplakalar ile takviye edilmistir. Kompozit
borunun imalat siirecinde agirlik¢a % 0,25 oraninda
grafen nanoplakalar epoksi regine ile homojen bir
dagilim elde edilene kadar 60°C sicaklikta
karistirilmis ve sonrasinda anhidrit bazli (Epikure
™R66) sertlestirici eklenerek filament sarima hazir
hale getirilmistir. Boru {retiminde kullanilan
malzemeler, bazalt elyaf ve epoksi recine sirasiyla
Kamenny Vek ve Hexion firmalarindan temin
edilmistir. Mekanik o&zelliklere iligkin ayrintilar
Cizelge 1’de sunulmustur.

Elyaf

(a)

Epoksi

banyosu

(b)

9}3.9
L,

Sekil 1. a) Filament sarim kompozit boru iiretim semasi b) deney numunesi 6lgiileri (Sl¢iiler mm’dir)
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Cizelge 1. Kompozit boru bilesenlerinin mekanik

ozellikleri
Elastisite | Cekme | Yogunlugu
modiilii |mukavemeti| (g/cm’)
(GPa) (MPa)
Bazalt elyaf 90-95 | 2900-3200 2,48
Epoksi regine 3,2 70-75 1,25
Kompozit borular filament sarim ydntemi

kullanilarak 11 mm bant genisliginde ve [£55]4
sarim konfigiirasyonunda imal edilmistir. Filament
sarim islemi tamamlanan kompozit borular yatay
doner firinda 6nce 120°C’de 3 saat kiirlenmis ve
nihai olarak 140°C’de 3 saat kiirlenmistir (post-
cure). Imal edilen kompozit borular 75,9 mm dis
capa ve 1,95 mm et kalinliginda geometrik 6lgiileri
sahiptir. Sekil 1°de boyutlan ile birlikte verilen
kompozit boru deney numuneleri Sekil 2’de
gosterilen deney setinde kati partikiil erozyon
testine tabi tutulmustur. Deney numunesi — nozul
arasindaki mesafe sabit tutularak kompozit borular,
boru ekseni boyunca ve i¢ yiizeyde partikiil akigini
saglayacak sekilde deney setinde konumlanmigtir
(Sekil 3). Deneylerde, kati partikiillerin belirlenmis
carpma acilarinda boru boyunca i¢ yiizeye
carptirillip erozif ortam simiile edilmesi igin
belirtilen 6lgiilere sahip boru pargalarna kesilmis
ve ardindan bu parcalar iizerinde deneyler
gergeklestirilmistir. Sekil 1, bu tasarimin detaylarini
gostermektedir.

Filament sarim kompozit boru
sarim yapisi

Mandrel

e S

37 oy
i
U 8
1
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2.1. Deney Tesisat1

Urettirilen kompozit borularin kat1 partikiil erozyon
testleri  Sekil 2’de verilen ASTM G76-95
standardma uygun deney setinde yapilmistir. Sekil
2’de elemanlar: ile birlikte verilen deney setinde
agindirict olarak kullanilan aliimina partikiilleri
onceden belirlenmis miktarda partikiil tankina
eklenmekte ardindan basinglandirilmig partikiil
tankma aktarilip belirlenmis basing degerlerinde
basinglandirilmaktadir. Cift disk metodu ile
belirlenen basing — hiz iliskisi sayesinde belirli
basing altinda bulunan aliimina partikiiller istenilen
carpma hizinda ve ¢arpma agisinda deney numunesi
iizerine carptirilmaktadir. Bu yontemle deney
numunesi olarak belirlenmis olan kompozit
borunun i¢ yiizeyi lizerine carpan partikiillerin
erozif agindirici etkisi arastirilmistir.

{a) - Partikiil
tanks
I | b5 . Valf
2 | | Manometre
Basing Akis kontrol :::tl;ll:,‘l_:illnﬂmlms
regiilatiirii  valfi
egl-l i tank:
| ¢ var
L | i
Manometre Nozil
Test numunesi
Numune . U 1
tutucu
Deney numunesinin
numune tutucu iizerinde
sabitlenmesi
Kompressir
| Partikul geri

diéniigiim deposu

Cizelge 2. Erozyon deneyi parametreleri

Asindirici Aliimina (AL O3)
Asindirici boyutu 600 pm

Partikiil miktar 2 kg

Partikiil debisi 95 g/s

Partikiil carpma agilar 30°/45°/60°
Partikiil carpma hizlar 23/28/34/53 m/s
Nozul-Deney numunesi aras1 mesafe |10 mm

Nozul ¢ap1 6 mm

Sekil 3’de sematik olarak gosterildigi gibi yaklasik
600 um ortalama boyutundaki aliimina asindirici
partikiiller 23, 28, 34 ve 53 m/s ¢carpma hizlarinda
ve 30°, 45° ve 60° ¢carpma agilarinda boru icerisine
etki ettirilmistir. Deneylerde kullanilan partikiil
hizlarimin  belirlenmesinde ¢ift disk metodu
kullanilmis ve basinglandirilmis partikiil tankimin
basing degerinin 1, 1.5, 2 ve 3 bar olarak
ayarlandiginda karsilik gelen partikiil hiz1 (m/s)
degerleri Cizelge 2°de sunulmustur.

(b)

Sekil 2. ASTM G76-95 ile uyumlu kat1 partikiil erozyon deney seti a) sematik resim, b) deney seti fotografi

Boru i¢i partikiil akisinin simiile edildigi bu
calismada deney Oncesinde ve sonrasinda deney
numuneleri 10 gr hassasiyetteki terazide tartilarak
deney esnasinda olusan agirlik kaybi (AW, mg)
belirlenmistir. Deneyler iicer kere tekrar edilmistir.
Tekrarli testler sonucunda ortalama ER degerleri
standart sapma c¢ubuklar1 ile birlikte grafiklerle
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sunulmustur. Deney sonuglarmin degerlendirilmesinde
erozyon orani (ER) dikkate alinmig ve agirlik
kaybinin asindiricr partikiil miktarina (Qp,kg) orani
ile belirlenmistir (Esitlik 1).

AW
ER= —

W (mg/kg) Q)

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023
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. 2
|] Asmdiric: partikiil

Aliimina | / akis ydnti (x)

partikiilleri : X Y
| ~
i | Nozul
lg.’ Carpma agist
Numune tutucu

Sekil 3. Numunelerinin test pozisyonunun belirlenme sekli

3. ARASTIRMA BULGULARI

Grafen nanoplaka ile kuvvetlendirilmis ve saf
bazalt elyaf takviyeli kompozit borularin erozif
dayanimi  kat1 partikiil erozyon testleri ile
arastiritlmis olup Sekil 4°de verilen grafikte ¢arpma

(a)

1200 =

ER {mg/kg)

30 B0

45
Carpma agisi (°)

acist ve hiz degiskenleri dikkate alinarak sonuglar
sunulmustur. Yapilan deneysel calismada ii¢ farkli
carpma acgisinda ve dort farkli carpma hizinda
altimina partikiiller boru igerisinde olusabilecek kat1
partikiil akigini1 simiile etmis ve deney sonuglari
erozyon orant (ER) ile grafige yansitilmistir.

(b)

60

(;arpm:tsacm )

Sekil 4. Partikiil garpma hiz1 degisiminin kompozit borunun erozyon oranina etkisi a) Bazalt elyaf takviyeli
kompozit boru [17], b) grafen nanoplaka ile giiclendirilmis bazalt elyaf takviyeli kompozit boru

Sekil 4’de verilen grafik sonuglara bakildiginda
tim carpma agilarinda aliimina partikiillerinin
deney numunesi yiizeyine ¢arpma hizi arttikca
erozyon oraninin arttigi goriilmiistiir. Bununla
birlikte en yiiksek asinma oranlarina 45° ¢arpma
acisinda ulasildig goriilmektedir. Carpma hizi ve
carpma agisi erozyon aginmasina etki eden 6nemli
test parametrelerindendir [18]. Boru i¢ ylizeyine
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carpan partikiillerin ¢arpma hiz1 arttik¢a ¢arpma
enerjileride artacaktir ve yiizeyden partikiil
koparma orani diisiik hiza goére daha yiiksek oranda
olacaktir. Dolayisiyla partikiil ¢arpma hizi arttik¢a
erozyon asinmasi artacaktir [19-21].

Sekil 5’de bazalt elyaf takviyeli kompozit borunun
erozyon asginmasina ait erozyon orani degerlerinin
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Grafen Nanoplaka Katkili Bazalt Elyaf Takviyeli Kompozit Borularin I¢ Yiizey Erozif Asinma Direncinde Asindirict

Partikiil Hizimin Roliiniin Incelenmesi

dort farkli hiz parametresi iginde grafen nanoplaka
takviyeli kompozit borudan daha yiiksek degerlerde
oldugu goriilmektedir. Grafen nanoplaka ile
kuvvetlendirilen deney numunelerine ait sonuglara
bakildiginda ise grafen katkisinin erozif asinmay1
azalttigin1 ve erozyona karsi daha direngli bir yap1
elde edildigi goriilmektedir. Bu sonucun eldesinde
grafen nanoplakalarin partikiil ile yiizey arasinda
yaglayict bir rol iistlenerek partikiiliin yiizeyden
kaymasini kolaylastirmas: sonucunda aliimina
partikiillerin daha az malzeme kopmasina sebep

olmas1 bir etkendir. Grafen nanoplakalarin
kompozit yapilarda kat1 yaglayici bir rol iistlendigi,
kompozit yapmnin sertlik ve darbe dayanimi gibi
mekanik  Ozelliklerini  gelistirdigi  literatiir
calismalarinda da ifade edilmektedir [22-24].
Mekanik olarak daha mukavemetli bir kompozit
ylizeyden malzemenin koparilmasmin daha zor
olmasinin yaninda birde ara yiizeyde yaglayici bir
rol aliyor olmasi GNP takviyeli kompozit borunun
asmma direncini iki kata yakin artirmig ve erozyon
direncini yiikseltmistir

12000 (Q) 12000 (b)
1000 1000
@ 23 m/s BETKB [17] @ 28 m/s BETKB [17]
s00] M 23m/s GNP/BETKB| g0 M- 28 m/s GNP/BETKB
c °
- .
O E-)
£ 600 £ 600
o n:
w 1]
400 - 400 . »
200 ¢ i . 200 P ~ W -®
30 45 60 30 45 60
Garpma acisi (°) Garpma agisi (°)
1200 - (C) 1200 - (d)
L ]
@ 34 m/s BETKB [17] -
10004 | g 34 m/s GNP/BETKB el
o
800+ _ " 8001
2 a ) 2 .
= =) ) )
£ 600 . £ 600 ®
= W = - -
v . e & _ .
400 - e 4004 @ 53 m/s BETKB [17]
-l 53 m/s GNP/BETKB
200 200
T J T hd T T b T T T
30 45 60 30 45 60

Carpma acisi (°)

Carpma acisi (°)

Sekil 5. Partikiil carpma agis1 degisiminin kompozit borunun erozyon oranina etkisi; a) 23 m/s partikiil
carpma hizinda ER degisimi, b) 28 m/s partikiil ¢arpma hizinda ER degisimi, c¢) 34 m/s partikiil
carpma hizinda ER degisimi, d) 53 m/s partikiil ¢arpma hizinda ER degisimi

grafikler incelendiginde hizdan bagimsiz olarak
yar1 siinek bir erozyon davramigi goriilmektedir.
Erozyon testlerinde malzemelerde asindirici

Bunun yaninda her iki kompozit boru iginde
erozyon orani ile asmdirict partikiiliin yiizeye
carpma acisina bagli olarak sunulan Sekil 5’deki
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partikiiliin deney numunesi iizerine garpma agisinin
15°-30°, 45°-60° ve 90° araliklarinda degisimine
bagli olarak asinma oraninin en yiiksek seviyelere
ulagsmasi sonucunda sirastyla siinek, yar1 siinek ve
gevrek davranig sergiledigi ifade edilmektedir
[25,26]. Yar1 siinek erozyon davranmigi goriilen
malzemelerde 45°-60° ¢arpma acis1 araliginda en
yiiksek asinma oranina ulagilmaktadir. BETKB ve
GNP/BETKB borularda erozyon asinmasi davranisi
carpma agisinin etkisi altinda degerlendirildiginde
yart sinek bir asmma davranigi sergiledigi
Sekil 5’de gorilmektedir. Siinek ve yari siinek
erozif davramig sergileyen malzemelerde 90°
carpma agisinda daha diisiik bir erozyon orani elde
edilir [25,26]. Bu sebeple yapilan ¢aligmada yari
siinek davranig tespit edildigi i¢in 90° g¢arpma
acisinda erozif davranis incelenmemistir.

Kompozit uygulamalarda yaygin kullanilan cam
elyaf takviyesine gore daha mukavemetli bir yaprya
ulasan bazalt elyaf takviyeli kompozit [27,28]
borularda grafen takviyesinin asinmaya karsi
direnci daha fistiin bir seviyeye ulastirdigi
goriilmektedir. GNP/BETKB borularda ise BETKB

(¥LY
=

Ao
=1

a3

TR a1 Of)

R}
(=}

azdesh

~

Seyit Mehmet DEMET

borulara gére daha mukavemetli bir yapiya ulastigi
ve yorulmaya dayaniminin da arttigi  da
belirtilmektedir [29,30].

Sekil 6’da verilen grafikte bazalt elyaf takviyeli
kompozit borunun grafen nanoplaka ile
giiclendirilmesi sonucunda erozyon oranlarinin
degisimi esitlik 2 ile yiizdesel olarak sunulmustur.
Grafikten de goriildiigii gibi ¢arpma agis1 ve ¢garpma
hiz1 degiskenliginde sabit bir erozyon orani azalist
gergeklesmemektedir. Carpma agisindaki degisimin
carpma hizi iizerinden degerlendirildigi grafikte 30°
carpma agisinda grafen nanoplaka ile giiglendirilen
numunelerin en yiiksek erozyon asinma direnci
gelistirme oranina sahip oldugu goriilmiistiir. Dort
farkli c¢arpma hizinda yapilan erozyon testleri
sonucunda 30° ¢arpma agisinda en yiiksek erozyon
orant  farklart elde  edilmistir. ~ Aliimina
partikiillerinin 28 m/s hizinda yiizeye carptigi
testlerde bu agida %50’ye yakin bir erozyon orani
azalimi goriilmistiir.

ER —ER
Yiizdesel fark = —22 KB_— "GNP/BETKE 4100 2)

ERBETKB

=
Ca’ﬁ: Mg
ey 7 (o) s

Sekil 6. BETKB ve GNP/BETKB borulara ait erozyon orani yiizdesel degisimi
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4. SONUCLAR

Bazalt elyaf takviyeli kompozit boruda grafen
nanoplaka ile giiclendirilme sonrasinda erozyon
direncinin partikiil ¢arpma hizi ve ¢arpma agisina
bagli olarak degisiminin incelendigi bu ¢aligmada
boru i¢i partikill akist aliimina partikiiller
kullanilarak simiile edilmis ve her iki boruda
yapilan deneysel calismalar sonucunda asagidaki
sonuglar elde edilmistir;

e Grafen nanoplaka ile giiglendirilen ve
giiclendirme yapilmayan bazalt elyaf takviyeli
kompozit boru eksenine paralel olarak ¢arpan
partikiillerin ¢arpma hizindaki artig sonucunda
erozyon asmmasinin arttigi ve borunun
erozyon direncinin azaldig1 goriilmiistiir.

e Her iki kompozit boruda da 45° carpma
acisinda en yiksek asinma degerlerine
ulasilmis olup yar siinek erozyon asmma
modeli davranist sergiledikleri goriilmiistiir.

e Grafen nanoplaka ile giiclendirilen boru i¢
yiizeyindeki erozyon oranlarinin ciddi bir
oranda diistligii ve borunun erozyon direncinin
arttig1 ve dolayisiyla erozyona bagl kullanim
omriiniin de uzayacagi acik bir sekilde
gorillmiigtiir.

Grafen nanoplaka ile giiglendirilen borudaki
erozyon oranlarinin giiglendirilmemis boruya gore
en yiiksek erozyon direnci kazandig: testlerde 30°
carpma agisinin etkili oldugu goriilmistiir (Sekil 6).
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Oz

Ulke ekonomisi agisindan biiyiik énem tasiyan bankalarin kaynaklarmi etkin ve verimli kullanmasi,
sektorde yasanan rekabet dolayisi ile 6nemlidir. Bundan dolay1, bankalarin performans degerlendirilmeleri
gerceklestirilmeli ve degerlendirme sonucunda da gerekli tedbirler alinmalidir. Bu ¢alismada, ¢ok kriterli
karar verme tekniklerinden Entropi, CILOS, IDOCRIW agirliklandirma yontemleri ile CoCoSo yontemi
kullanilarak katilim bankalarinin 2018-2022 yillar1 arasindaki finansal gostergelerine dayali finansal
performans degerlendirilmesi yapilmistir. Entropi yontemi sonuglarina goére; 2020 yili igin en yiiksek
agirliga sahip kriter Sube Sayisi iken, diger yillar i¢in bu kriter Dénem Net Kart olmustur. CILOS yontemi
sonuglarina gére 2018 ve 2021 yillarinda en yiiksek agirhiga sahip kriter Toplam Ozkaynaklar ve diger
yillarda Toplam Krediler olmustur. IDOCRIW ydntemi uygulandiginda ise, 2022 yili i¢in en yiiksek
agirliga sahip kriter Toplam Krediler iken, diger yillar i¢in bu kriter Donem Net Kar1 olmustur. Entropi,
CILOS ve IDOCRIW yontemleri sonuglari alinarak katilim bankalarmin CoCoSo Yo6ntemi ile performans
siralamalart yapilmistir. Kuveyt Tiirk Katilim Bankasi, Entropi yontemi ile elde edilen 2019 yili
stiralamalart haricindeki sonuglarin tiimiinde, biitlin yillarda performans birincisi olmustur.

Anahtar Kelimeler: Cok kriterli karar verme, Entropi, CILOS, IDOCRIW, CoCoSo, Banka performansi

Performance Evaluation of Participation Banks with Different Criteria Weighting
Techniques and Cocoso Method

Abstract

It is important for banks, which are of great importance for the country's economy, to use their resources
effectively and efficiently due to the competition in the sector. Therefore, performance evaluations of banks
should be carried out and necessary measures should be taken as a result of the evaluation. In this study,
the financial performance of participation banks was evaluated based on their financial indicators between
2018 and 2022, using the Entropy, CILOS, IDOCRIW weighting methods and the CoCoSo method, which
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are multi-criteria decision-making techniques. According to the results of the Entropy method, while the
most weighted criterion for 2020 was the Number of Branches, for other years this criterion was Net Profit
for the Period. According to the results of the CILOS method, the criterion with the highest weight in 2018
and 2021 was Total Equity and Total Loans in other years. When the IDOCRIW method was applied, the
criterion with the highest weight for 2022 was Total Loans, while for other years this criterion was Net
Profit for the Period. By taking the Entropy, CILOS and IDOCRIW methods’ results, the performance
rankings of the participation banks were made using the CoCoSo Method. Kuveyt Tiirk Participation Bank
ranked first in performance in all years, except for the 2019 rankings obtained by the Entropy method.

Keywords: Multi-criteria decision-making, Entropy, CILOS, IDOCRIW, CoCoSo, Bank performance

1. GIRIS

Ulke ekonomisi acisindan biiyiik dnem tastyan
bankalarin  kaynaklarmi  etkin ve  verimli
kullanmasi, sektorde yasanan rekabet dolayisi ile
onemlidir. Bundan dolayi, bankalarin performans
degerlendirilmelerinin gergeklestirilmesi gerekir ve
degerlendirme sonucunda da gerekli tedbirler
almmalidir. Literatiirde yer alan farkli ¢aligmalarda
gesiti Cok Kiriterli Karar Verme (CKKYV)
yontemleri  kullanilarak  banka  perfomansi
degerlendirmeleri yapilmistir. Bu ¢aligmada, farkli
kriter agirlik  yontemleri kullanilarak  kriter
agirliklart  hesaplanmig ve sonuglar CoCoSo
Yontemi’nde kullanilarak Tiirkiye’de faaliyet
gosteren  katilim  bankalarinin  performans
siralamalarina dair bir c¢ikti elde edilmistir.
Kullanilan agirliklandirma ydntemleri ise sirastyla
Entropi, CILOS ve IDOCRIW dir.

Bu c¢alismada, degerlendirmeye almman katilim
bankalar1 Finans Katilim, Ziraat Katilim, Albaraka
Tiirk Katilim, Vakif Katilim, Kuveyt Tiirk Katilim
Bankalaridir. lgili bankalarn 2018-2022 yillar1
arasindaki finansal gostergelere dayali finansal
performansini analiz etmek amaglanmistir. Katilim
bankalar1 faizsiz finansman prensipleri ile ¢alistigi
i¢in diger bankalardan ayri
degerlendirilebilmektedirler. Bu sebeple bu
bankalarin kendi iclerinde performans
degerlendirilmesi yapilmasi amaglanmistir.
Calisma, farkli agirliklandirma ydntemi sonuglari
kullanilarak  CoCoSo  yontemi ile katilim
bankalarinin performans siralamasi yapilmis ve

farkli agirliklandirma  yontemlerine  gore
performans  siralamasinin = degisim  durumu
incelenmigtir. Literatiirde katilim bankalarina
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yonelik bu yontemlerle yapilan bir g¢aligmaya
rastlanmamis olmasi sebebi ile literatiire katki
saglanacag diisiiniilmektedir.

2. LITERATUR TARAMASI

CKKV yontemleri literatirde pek c¢ok alanda
yaygm bir sekilde kullanilmaktadir. Literatiir
taramasi boliimiinde, bankacilik sektorii ile ilgili
caligmalarda kullanilan CKKV yontemleri ele
almmustir.

2007 yilina ait bir ¢alismada, Bulanik Analitik
Hiyerarsi Siireci ve TOPSIS  yontemleri
kullanilarak en yiiksek aktif biiylikliigli olan bes
bankanin finansal ve finansal olmayan verileri ile
performanslari analiz edilmistir [1].

Demireli [2] TOPSIS yontemiyle kamu
bankalarinin  performans analizini yapmustir.
Caligmanin verileri 2001-2007 yillar1 arasini
kapsamaktadir. Tasabat vd. PROMETHEE,

TOPSIS, MAPPAC, ORESTE, WSA yontemlerini
kullanilarak 2013 yilina ait mali veriler ile 21
mevduat bankasinin performans analizini yapmistir

[3].

Cetin ve Cetin [4], banka performanslarint VIKOR
yontemi ile analiz etmistir. Calismalarinda 13
bankaya ait 2008 y1l1 verileri kullanilmistir. Dinger
ve Gorener [5], 2002-2008 yillar1 arasindaki veriler
ile Analitik Hiyerarsi Siireci ve VIKOR teknigini
kullanarak kamu, 6zel ve yabanci sermayeli
bankalarin  dinamik performanslarini  analiz
etmiglerdir. Bir diger caligmalarinda, 2008 yili
verileri ile TOPSIS ve VIKOR sonuglarina gore
kiyaslama yapilmistir [6]. Tezergil [7], Saking ve
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Acikalin [8] da VIKOR yontemi ile banka
performans siralamalarina yonelik calismalar
yapmuiglardir.

Bageir ve Rencgber [9] halka acik 6zel sermayeli
bankalar ve kamu sermayeli bankalarin karlilik
performans analizini PROMETHEE yontemi ile
gergeklestirmistir. Ayni yontemi kullanan Caliskan
ve Eren [10] ¢aligsmalarinda 2014 yili sonunda aktif
biiytikliik bakimindan ilk 20 bankanin performans
analiz ve degerlendirmesini gerceklestirmislerdir.
Sakarya ve Aytekin [11], Unal ve Yiiksel [12]
calismalarinda PROMETHEE yontemini
kullanmiglardir.

Yal¢iner ve Karaath, TOPSIS ve ELECTRE
yontemlerini kullanarak mevduat bankasi se¢imine
yonelik caligma gerceklestirmislerdir [13]. Cagil
[14], calismasinda sermaye kaynaklarina gore
smiflandirilan mevduat bankalarmin 2006-2010
yillarina ait verileri ile performans analizlerini
ELECTRE yontemi ile gergeklestirmistir.

Bulanik AHP ve bulantk MOORA yo6ntemleri de
bankalarin finansal performanslarina gore yapilan
degerlendirmelerde kullanilan yontemler olarak
literatlirde yer almaktadir [15,16]. Erdogdu [17],
2016-2017 yillarmna ait 3 aylik déonem bilangolari
kullanarak bes katilim bankasinin performans
analizini Multi-MOORA yontemi ile
gerceklestirmistir. Atukalp [18] ise Borsa Istanbul
Pay Endeksi’nde bulunan 9 mevduat bankasinin
performans analizini 2010-2016 yillar1 arasindaki
verileri kullanarak MOORA yontemi ile yapmustir.

Behdioglu ve Ozcan [19] 29 ticari bankanin
sermaye yapilarim1  ve Olgek biyiikliklerini
degerlendirmek icin 1999-2005 yillar1 arasindaki
verileri kullanmugtir, calismasinda Veri Zarflama
Analizi yontemi kullanilmigtir. Cingi ve Tarim,
mevduat pazar payr %1’in lzerinde olan 21
bankanin etkinligini analiz etmek igin lgege gore
sabit getiri (CCR) ve degisken getiri (BCC)
yaklagimlar1 ~ kullanarak ~ 1989-1996  yillar
arasindaki verileri tizerinden gerekli analizleri
gergeklestirmistir [20]. Elmas ve arkadaglari, CCR
modeli ile borsada islem goren 12 bankanin
analizini gerceklestirmislerdir, ¢aligmada 2005-
2010 yillar1 verileri kullanmigtir [21].
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Ecer, 11 6zel bankanin finansal performansim Gri
fliskisel Analiz yontemini kullanarak
gerceklestirmistir. Degerlendirme 2008-2011 yillar1
arasindaki yilsonu veri ortalamalar1 kullanilarak ve
CAMELS kriterlerine dayali olarak yapilmistir
[22]. Giineysu ve arkadaslari, GIA yontemini
kullanarak 31 ticari bankanin performans
degerlendirmesini yapmiglardir ve ¢alismada kriter
agirliklarii  belirlemek i¢in  Analitik Hiyerarsi
Siireci yontemini kullanmislardir [23]. Giindogdu
[24], Alpay ve Saking [25], Altan ve Candogan
[26], Girginer ve Uckun [27] ¢alismalarinda Gri
[liskisel Analiz yontemini kullanmislardr.

Albayrak ve Erkut, calismalarinda AHS yontemi ile
2002 yili verilerini kullanarak aktif biyiikliik
siralamasinda ilk beste yer alan bankalarin
performans analizlerini gergeklestirmislerdir [28].
Akcakanat ve arkadaslari ise aktif biiyiikliikleri esas
alarak bankalarin performanslarini Entropi ve
WASPAS yontemi ile degerlendirmislerdir.
Calismada 2016 yilina ait aylk verilerden
yararlanilmistir [29]. Gozkonan ve Kiiciikbay,
(katilim bankalar1 ile geleneksel bankalarinin
performans degerlendirilmesini TOPSIS ve GIA
yontemlerini  kullanarak karsilagtirmali  analiz
seklinde gergeklestirmistir [30]. Parmaksiz ve
Ozdemir, calismalarinda kamu, 6zel ve yabanci
sermayeli 19 bankanin 2019 yilina ait mali
oranlarin1 kullanarak COPRAS, TOPSIS, MOORA
ve ELECTRE teknikleri ile performans analizini
gergeklestirmis ve sonuglart kargilagtirmustir [31].
Yilmaz ve Yakut ise BIST’te islem goren 22
bankanin finansal performans analizini Entropi
temelli VIKOR ve TOPSIS yontemlerini kullanarak
gerceklestirmigtir [32]. Yetiz ve Kili¢ [33] VIKOR
yontemi ile, Giilsiin ve Erdogmus [34] Bulanik
Analitik Hiyerarsi Prosesi ve Bulanik TOPSIS
yontemleri ile, Akgiil [35] Entropi, SAW, MAUT
ve ARAS yontemleri ile, Akbulut [36] Gri Entropi,
PSI, ARAS yontemleri ile bankalarin performans
degerlendirmesi lizerine calismalarint
gergeklestirmislerdir.

Ayc¢in ve Orgun, sube sayist 500 ve iizerinde olan,
Tiirkiye’de faaliyet gosteren mevduat bankalarinin
performans analizini Entropi ve MAIRCA
yontemleri ile yapmislardir [37]. Ulutas, Entropi
tabanli EDAS yontemini kullanarak lojistik
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firmalarmin performans analizlerini
gerceklestirmistir [38]. Isik, Entropi ve TOPSIS
yontemlerini kullanarak finansal performans ile pay
senedi getirileri arasindaki iliskiyi analiz etmistir
[39]. Akbalik ve arkadaslari, mevduat ve katilim
bankalarinin finansal performanslarini
Entropi ve COPRAS yontemlerini kullanarak
kargilagtirmiglardir [40].

Ciftaslan ve Rengber [41], IDOCRIW ve CoCoSo
yontemlerini kullanarak sekiz bankanin performans
analizini  gerceklestirmislerdir. ~ Altintas [42]
calismasinda CoCoSo yontemini kullanmistir.
Gorgiin -~ ve  Kiiciikonder, kentlerin  ulasim
performanslarini degerlendirmek igin BWM kriter

arkadaglar1 [45], CoCoSo yontemini kullanarak
calismalarini gerceklestirmislerdir.

Bankalarin performanslarmin  degerlendirilmesi
adia yapilan literatiirde bulunan bazi ¢aligmalar ve
kullanilan yontemler Cizelge 1°de gosterilmistir.

Bu ¢alismada birden fazla kriter agirliklandirma
yontemi ve tek bir siralama yontemi kullanilarak
katillm bankalarmin performans siralamalari
gerceklestirilmistir. Farkli kriter agirlik yontemi
sonuglarma goére katilim bankalarinin performans
siralamalarinda degisiklik olup olmadigina yonelik
sonuglarin degerlendirilmesi amaglanmustir.
Literatiirde, bu ¢aligmada kullanilan yontemler ve
kriterler ile katilim bankalarina yénelik yapilan bir

agirliklandirma yontemi ve CoCoSo yontemi ile  caligmaya rastlanmamustir.  Bu  sebeple, bu
siralama  islemini  gergeklestirmislerdir  [43]. calismanin literatiire katki saglayacag
Yenilmezel ve Ertugrul [44] ile Turanhi ve diistiniilmektedir.
Cizelge 1. Alanyazin 6zeti
Yazar (Y1) Banka Tiirii Yontem Zaman Arahd
Kamu, Ozel ve Yabanci
Chang [46] Sermayeli Bankalar GIA 2000-2002
Kumar ve Sayani [47] Katilim bankalar1 CAMELS 2008-2014
Ural ve arkadaglar1 [48] Kamu Sermayeli Bankalar ENTROPI 2012-2016
© } 1 Sermaye WASPAS -
Yamaltdinova [49] Kamu, Ozel ve Yabanc: TOPSIS 2010-2014
Sermayeli Bankalar
. . AHP
Guru ve Mabhalik [50] Kamu Sermayeli Bankalar VIKOR 2015-2016
Kamu, Ozel ve Yabanci CVA
Wu ve arkadaslari [51] Sermayeli Bankalar VIKOR 2007-2014
Kamu, Ozel ve Yabanci CRITIC
Akgakanat ve arkadaslart [52] Sermayeli Bankalar MDL Temelli EDAS 2012-2017
" . ENTROPI
Akgiil [53] Kamu Sermayeli Banka EDAS 2007-2017
. EDAS
Akbulut [54] Is Bankasi CRITIC 2009-2018
.. . ARAS
Sama ve arkadaslar1 [55] Ozel Sermayeli Bankalar MOORA 2000
Onal ve arkadaslari [56] Ozel ve Kamu Katilim Oran Analizi 2015-2020
Bankalari
. Kamu, Ozel ve Yabanci IDOCRIW
Ciftaslan ve Rengber [41] Sermayeli Bankalar COCOSO 2010-2020
CILOS
Cilek [57] Mevduat Bankalari MARCOS 2017-2020
COPELAND
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3. YONTEM

3.1. Alternatifler ve Kriterler

Tirk bankacilik sektdriinde yer alan katilim
bankalarinin performans siralamalarint yapmak
tizere Cok Kriterli Karar Verme YoOntemleri’nin
kullanildigt bu ¢alismada, 2018-2022 yillar
arasinda ilgili verilerine tam olarak ulasilabilinen
bes katilim bankasi c¢alismaya dahil edilmistir.
Katilim bankalarinin performans analizi igin kriter
belirleme siirecinde literatiire basvurulmus ve
literatirde yer alan yedi kriter c¢alismada
kullanilmistir. Her alternatif icin ilgili kriterlere ait
verilere ulasilmigtir. Belirlenen yedi kritere ait
bilgiler bankalarin ilgili web sitelerinde yayinlanan
yillik faaliyet raporlar iizerinden elde edilmistir
[58]. Yaymlanan yillik faaliyet raporlari tim
kullanicilarin erisimine agiktir.

Caligmada  kullanilan  kriterler su  sekilde
siralanmistir: Toplam Aktifler, Krediler, Mevduat,
Ozkaynaklar, Dénem Net Kari, Sube ve Personel
Sayist1 [36,40,41]. Alternatifleri ve kriterleri
gosteren tablolar Cizelge 2 ve Cizelge 3’te
verilmistir.

Cizelge 2. Alternatifler

Alternatifler A¢iklama | Sembol
Ziraat Katthm | e B1
Vakif Katlim | e B2
Finans Katitlm | —mememeee e B3
Albaraka Tiirk Katilim =~ | ——--mmeemeemmm B4
Kuveyt Tirk | = B5
Tiirkiye Emlak Katilim Veri Eksikligi Nedeni ile
Hari¢ Tutulmustur.

Tlgili verilerine ulasilamadig: icin Tiirkiye Emlak
Katilim Bankasi ¢aligmaya dahil edilmemistir.

Cizelge 3. Kriterler
Kriterler Hedef Sembol
Toplam aktifler Maksimum Kriterl
Toplam krediler Maksimum Kriter2
Toplam mevduat Maksimum Kriter3
Toplam 6zkaynaklar | Maksimum Kriter4
Donem net kar Maksimum Kriter5
Sube sayisi Minimum Kriter6
Personel sayisi Minimum Kriter7
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Cizelge 3’te verilen kriterlerden Toplam Aktifler,
Toplam Krediler, Toplam Mevduat, Toplam
Ozkaynaklar ve Dénem Net Kari fayda yonlii
kriterler olarak belirlenirken, Sube Sayis1i ve
Personel Sayist maliyet yonlii kriterler olarak
belirlenmistir.

3.2. Calismada Kullanilan Yontemler

3.2.1. ENTROPi Kriter Agirhklandirma
Yontemi
Kriterlere iliskin agirliklarin  hesaplanmasinda

objektif ve siibjektif agirliklandirma yontemleri
kullanilir. Objektif yontemlerden biri olan Entropi
yonteminin agirliklandirma siirecinde kisisel yargi
ve diislinceleri dahil etmiyor olusu, yontemin giicli
yonii olarak belirtilmistir [39].

Entropi Kriter Agirliklandirma Ydntemi hesaplama
adimlar1 agagida siralanmistir [29]:

1. Karar Matrisi: Ilk asamada karar matrisi
olusturulur. Karar matrisinde probleme ait biitiin
alternatifler ve kriterler yer almalidir (Esitlik 1).

X112 o X1j
D=X;;=|: : : (1)
Xip - Xij

2. Standartlagtirma: Standartlastirma islemi Esitlik
2 ve Esitlik 3 kullanilarak gergeklestirilir ve
standart karar matrisi olusturulur.

PR p— XL]
Tij max(x;;) @
min(x;j) .
T'i]' = T'”,mlnj(xij) =0 (3)

3. Karar Matrisinin Normalizasyonu: Bu asamada
karar matrisinin normalizasyon islemi Esitlik 4’te
gosterilen formiil kullanilarak hesaplanir.

xl-j

m ..
Yiz1Xij

pij = 4)

i alternatifleri, j kriterleri, p;; normalize edilmis
degerleri ifade eder.

921



Farkl Kriter Agirliklandirma Teknikleri ve Cocoso Yontemi ile Katilim Bankalarinin Performans Degerlendirmesi

4.  Kiriterlere  Ait  Entropi  Degerlerinin
Hesaplanmasi: Esitlik 5 kullanilarak kriterlere ait
Entropi degerleri hesaplanir.

Ej = —k X% [pijin pij] )
1
" In(m)

Esitlik 5’te E; Entropi katsayismni, p;; normalize
edilmis degerleri, k ise 1/In(m) seklinde ifade edilen
bir sabiti temsil eder.

5. d; Belirsizliginin Hesaplanmasi: d; belirsizligi
Esitlik 6 ile hesaplanir.

dj=1-E (6)

6. Entropi Kriter Agirliklariin Hesaplanmasi: Her
bir kriterin Entropi kriter agirliklari Esitlik 7
kullanilarak hesaplanir.

o YE oymo
W= Z}’il(l—E,-)'lel W =1 D

3.2.2. CILOS Kriter Agirhklandirma Yontemi

Criterion Impact Loss (CILOS) Yontemi de objektif
agirliklandirma yontemlerindendir [44]. En iyi
olarak segilen kritere karsi diger kriterlerin maruz
kaldigi  karsilastirmali  etki  kaybmin tespit
edilmesinde kullanilan bir yontemdir [57].

CILOS Kriter Agirliklandirma  Yo6nteminin
uygulama adimlar1 asagidaki gibidir [57]:

1. Karar Matrisinin Hesaplanmasi:

a1 ot Qan
A = AL] = : : : (8)
Ami Amn

Karar matrisi Esitlik 8’de verilmistir.

2. Maliyet Kriterlerinin Doniistimii: CILOS
yonteminde maliyet yonlii kistaslar fayda yonli
kistaslara dontistiiriiliir. Dontistiirme islemi Esitlik
9 kullanilarak gerceklestirilir.
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min a;;

a.: = 9

b= ©)
3. Normalizasyon: Dontisim matrisinin
normalizasyon islemi Egitlik 10 kullanilarak
hesaplanmaktadir.

a; j

Xij = 10

= S ay (10)
4. Kare  Matris A’nin  Hesaplanmast:

Normalizasyon islemi sonuglart X= lx;;l ile
gosterilmektedir. R= Ir, | hesaplanmasi i¢in her bir
siitundaki en yliksek degere sahip max x;; kistasinin
da yer aldig1 satir t;’lar birlestirilerek olusturulur.
R dizeyine ait kdsegen degerleri biitiin kistaslar
icerisindeki en yiiksek degere sahiptir.

5. Goreceli Kayip Matrisi P’nin Hesaplanmasi:
P= Ipy ;| matrisi Esitlik 11 kullanilarak olusturulur.

_ X Tk

DPrj (11)

xij

Dkj» k. Olgiitii en iyi Olgiit olarak segildiginde j.
oOlciitlin etki kaybini gostermektedir.

6. Agirlik Sistem Matrisi F’nin Hesaplanmasi:
Olgiit 6nem dereceleri q’lar Esitlik 12 kullanilarak
hesaplanir. F’nin hesaplanmasi igin Esitlik 13
kullantlir.

Fq"=0 (12)

—Xi=1Pr1 Pin
F = : : (13)
Pmi - Z?:l Pin
7. Kriter Agirliklarinin Hesaplanmasi: Esitlik 12 ve
Esitlik 13 kullanilarak dogrusal denklem modeli
olusturulur. q degeri Esitlik 14’te bulunan
¢Oziimlemelerden olusur.

iqi=1

(14)
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3.2.3. IDOCRIW Kriter
Yontemi

Agirhiklandirma

Zavadskas ve Podzenko tarafindan 2016 yilinda
gelistirilen IDOCRIW agirliklandirma ydntemi,
Entropi ve CILOS yontemlerinin birlestirilmesi ile
olusturulmustur. ki farkli yontemin giiclii
yonlerinin Dbirlestirilmesi ile ortaya ¢ikmuistir.
Giivenilirlik ve dogruluk agisindan o6nemli bir
yontem olarak literatiire katilmigtir [59].

IDOCRIW  kriter agirlik yoOntemi
adimlar1 asagidaki gibidir [59]:

uygulama

1. Karar Matrisinin Olusturulmasi: Karar matrisi
Esitlik 15°te goriilmektedir.

R= (15)

11 Tlnl
w1 " Tan

2. Entropi Kriter Agirliklarinin Hesaplanmasi:
Esitlik 1, 2, 3, 4, 5, 6, 7 kullanilarak Entropi kriter
agirliklart hesaplanir.

3. CILOS Kiriter Agirliklarinin Hesaplanmasi:
Esitlik 8, 9, 10, 11, 12, 13, 14 kullanilarak CILOS
kriter agirliklart hesaplanir.

4. IDOCRIW agirliklarimin (w;) Hesaplanmast:

Esitlik 16 kullanilarak IDOCRIW  agirliklar
hesaplanir.
w; = 2 U (16)

S Bk w)oq;
3.2.4. CoCoSo Siralama Yoéntemi
CoCoSo yontemi 2018 yilinda Yazdani ve
arkadaglar1 tarafindan gelistirilmis ve literatiire
eklenmistir [60]. CoCoSo yonteminin uygulama

adimlari su sekildedir [41]:

1. Karar Matrisi: Esitlik 17 kullanilarak CoCoSo
yonteminin ilk adimi olan karar matrisi olusturulur.
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X11 le

X= (17)

an Xnm

i=1,2, ..., m tane alternatifi, j=1,2,....,n tane kriteri
ifade etmektedir.

2. Normalizasyon Matrisinin Olusturulmasi: Bu
asamada fayda ve maliyet kriterlerinin
normalizasyon islemleri Esitlik 18 ve Esitlik
19°daki formiiller ile hesaplanir.

Fayda kriteri i¢in normalizasyon islemi:

xij— mmixij

rij = max;x;j—min;x;; (18)
Maliyet kriteri i¢in normalizasyon islemi:

o maxl-xij— xij
Tij = max;x;j—min;x;; (19)
3. S, ve P; Degerlerinin Hesaplanmasi:
Alternatiflerin agirlikli karsilastirilabilirlik

dizisinin toplami ve gii¢ agirliginin toplam S; ve P;
olarak ifade edilmektedir. S; degeri Gri Iliskisel
Yaklasimi, P; degeri ise WASPAS c¢arpimsal
degerine gore elde edilir. S; degeri Esitlik 20,
P; degeri ise Esitlik 21 ile hesaplanmaktadir.

Si = Xj=1(wjr)) (20)
Py = Y7o (m)" (2D
4. Alternatiflerin Goreli Agirliklarin
Hesaplanmasi: Bu asamada 3 farkli agirhik

hesaplama islemi yapilmaktadir. {1k olarak agirlikli
toplam metodu ile ¢arpim metodunun aritmetik
ortalamasi Esitlik 22 ile hesaplanir. Daha sonra
ikinci adimda Esitlik 23 kullanilarak agirlikli
toplam ve ¢arpim skorlar1 hesaplanir. Son adimda
agirlikli carpim ve toplam metodunun, secilen A
ayar degeri ile dengelenmis skorlar1 hesaplanarak
bulunur (Esitlik 24). Bu calismada A degeri 0,5
olarak kabul edilmistir.
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= _Sithi
Kia = T (Si+P) (22)
_ Si P;
kib - min;S;  min; P; (23)
kl‘(; _ A(S)+(A-)P; (24)

Q@ max;S;+(1-A) max;P;)

5. Alternatiflerin Siralanmasi: Esitlik 22, 23, 24 ile
hesaplanan degerlerin aritmetik ve geometrik
ortalamalar1 toplanarak k; degeri elde edilir. ifade
Esitlik 25’te verilmistir. En yiiksek k; degeri ilk
sirada yer alacak sekilde performans siralamalari
yapilir.

4. ARASTIRMA BULGULARI

4.1. Entropi Sonuclarma Goére Katihm

Bankalarmin Performans Siralamasi

Katilim bankalarinin 2018-2022 yillar1 arasindaki
finansal gostergelerine ait kriterlerin agirliklar

Entropi Yontemi ile hesaplamis, performans
siralamalart  ise = CoCoSo  ydntemi  ile
gergeklestirilmigtir.  Calisma  Microsoft  Excel

kullanilarak gerceklestirilmistir.

Entropi Kriter Agirlik Yontemine gore ilk olarak
katilim bankalarinin 2018-2022 yillarina ait karar
matrisi Esitlik 1 kullanilarak olusturulmustur. Bu

k; = (kigkipkic)? + 1 (kig + ki + ki2) 25) calismada yalnizca 2022’ye ait tablolar verilecektir.
8 2022 yilina ait karar matrisi Cizelge 4’te verilmistir.
Cizelge 4. Karar matrisi [61]
2022 yil
Kriterl Kriter2 Kriter3 Kriter4 Kriters Kriter6 Kriter7
B1 213.343.000 144.858.000 173.139.000 11.378.000 384.000 156 1.904
B2 188.086.080 119.581.642 138.619.916 18.913.593 4.735.800 165 2.384
B3 152.762.122 82.014.948 102.847.258 11.075.195 2.904.105 308 3.735
B4 146.340.106 72.625.023 112.675.797 8.118.970 1.365.496 225 2.695
BS 384.630.780 197.603.000 301.517.000 28.714.842 14.043.447 443 4.031

Uygulamanin ikinci adiminda Esitlik 2 ve Esitlik 3
kullanilarak karar matrisinde yer alan degerlerin
standartlagtirma iglemi gergeklestirilerek standart
karar matrisi olusturulmustur. Uygulamanin tigiincii
adiminda Egsitlik 4 kullanilarak karar matrisinde yer
alan degerler normalize edilmistir. Kriterlerin
normalize edildikten sonraki asamada Esitlik 5
uygulanir. Esitlik 5°teki k degeri, bes adet katilim
bankasi i¢in degerlendirildiginden k = 1/In(m)
formiiliinden yararlanilarak k = 1/In(5) olarak
hesaplanmustir.

Cizelge 5. E;, D; ve W;degerleri [61]

Esitlik 5 ile Entropi degerleri elde edildikten
sonraki asamada Esitlik 6 ile d;; belirsizligi elde
edilmistir. D; belirsizligi her bir E;, degerinden 1
¢ikarilarak bulunur. Son agamada ise Esitlik 7°den
yararlanarak kriter agirliklart hesaplanir. Kriter
agirhiklart her bir kriterin D;  deerinin tim
kriterlerin D;degerlerinin toplamina boliinmesi ile
elde edilir.

Entropi yontemi sonucu elde edilen E;,D; ve
Wdegerleri Cizelge 5’te gosterilmistir.

Yil Degerler Kriterl Kriter2 Kriter3 Kriter4 Kriter5 Kriter6 Kriter7
Ej 0,9552 0,9589 0,9471 0,9342 0,6970 0,9590 0,9762
2022 Dj 0,0448 0,0411 0,0529 0,0658 0,3030 0,0410 0,0238
Wi 0,0782 0,0718 0,0924 0,1149 0,5293 0,0717 0,0416
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Entropi  Kriter Aguhik Yontemi sonuglari
degerlendirildiginde 2018 ve 2019 yillarinda en
yiiksek agirliga sahip kriter Donem Net Kari
(KriterS), en diisiik agirliga sahip kriter ise Toplam
Krediler (Kriter2) olarak bulunmustur. 2020 yilinda
Sube Sayis1 (Kriter6), 2021 ve 2022 yilinda Dénem
Net Kar1 (Kriter5) en yiiksek agirliga sahip kriterler
olarak bulunmustur. 2020 yili Covid-19 siirecinin
Tiirkiye’de yogun bir sekilde yasandigi ve
kisitlamalarin arttig1 bir donem olmustur. Bu durum
2020 yilinda en yiiksek agirliga sahip kriterin Sube
Sayis1 (Kriter6) olarak ortaya ¢ikmasina sebebiyet
vermis olabilir. 2021 ve 2022 yilinda en yiiksek

Su DAGLI, Birsen Irem KUVVETLI

agirliga sahip kriterin Donem Net Kar1 (Kriter5)
olmasinda Covid-19 siirecinin olumsuz etkilerinin
azaltilmasina yonelik olarak gerceklestirilen devlet
tesvikleri, kisitlamalarin kaldirilmasi sonucunda
ekonominin canlanmasi vb. nedenler siralanabilir.
2020, 2021 yillarinda en diisiik agirhiga sahip kriter
Toplam Ozkaynaklar (Kriter4) olurken, 2022
yilinda en diisiik agirliga sahip kriter Personel
Sayisi (Kriter7) olmustur.

Entropi agirliklandirma yontemi tamamlandiktan
sonra, siralama i¢in CoCoSo yontemi kullanilmis ve
sonuglar1 Cizelge 6’da verilmistir.

Cizelge 6. Entropi sonuglaria gére CoCoSo yontemi performans siralamalari [61]

2022 Yih
Si P; kia ki kic ki Performans siralamasi
B1 0,2277 5,5845 0,2225 3,7304 0,8296 2,4773 3
B2 0,3879 6,1196 0,2491 5,2106 0,9288 3,1939 2
B3 0,1612 4,6615 0,1846 2,8793 0,6883 1,9660 4
B4 | 0,1232 | 29669 | 0,1183 | 2,0000 | 04410 1,3239 5
BS 0,8867 5,0000 0,2254 8,8818 0,8402 4,5050 1
4.2. CILOS Sonuclarma Gore Katim doniisiim maliyet bazli kriterler olan Sube Sayisi ve

Bankalarimin Performans Siralamasi

Bu adimda kriter agirhik degerleri CILOS yontemi
ile hesaplanmustir. Cizelge 4’te verilen karar matris
degerleri ile Esitlik 9 kullanilarak maliyet
kriterlerinin ~ doniisimlii  hesaplanmistir.  Bu

Cizelge 7. CILOS kriter agirliklar: [61]

Personel Sayisi kriterleri igin gergeklestirilmistir.
Daha sonra, Esitlik 10 kullanilarak normalizasyon
islemi gergeklestirilmistir. Normalizasyon sonrasi
islem basamaklari takip edilerek, CILOS kriter
agirliklart hesaplanmistir. 2022 yila ait agirhik
degerleri Cizelge 7°de verilmistir.

Yil

Kriterl

Kriter2

Kriter3

Kriter4

Kriter5

Kriter6

Kriter7

2022

0,1669

0,3680

0,1807

0,0879

0,0038

0,0728

0,1199

CILOS Kriter Agirhik Yontemi  sonuglari
degerlendirildiginde 2018 yilinda en yiiksek
agirhga sahip kriterin Toplam Ozkaynaklar
(Kriter4), en diisik agirhiga sahip kriterin ise
Personel Sayist (Kriter7) oldugu bulunmustur.
2019, 2020 ve 2022 yillarinda Toplam Krediler
(Kriter2) en yiiksek agirliga sahip iken, 2021
yilinda en yiiksek agirliga sahip kriter Toplam
Ozkaynaklar (Kriter4) olmustur. Pandemi siirecine
dair kisitlamalarin kontrollii bir sekilde kaldirilmasi
ve ekonominin canlanmasi 2021 yilinda en yiiksek
agirliga  sahip kriterin  Toplam Ozkaynaklar
(Kriter4) olmasinda etkili olmus denilebilir. 2020
ve 2022 yillarinda en yiiksek agirliga sahip kriterin

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023

Toplam Krediler (Kriter2) olmasinda 2022 yilinda;
bankalarin kredi faiz oranlarmi diisirmesi, 2020
yilinda; Covid-19 siirecinde Pandemi Devlet Destek
Kredisi’nin verilmesi vb. faktorlerinin sebebiyet
verdigi sdylenebilir. 2019 yilinda en disiik agirliga
sahip kriter Personel Sayis1 (Kriter7) olurken, 2020
yilinda en diisiik agirliga sahip kriter Sube Sayist
(Kriter6), 2021 yilinda Toplam Krediler (Kriter2),
2022 yilinda ise Donem Net Kari (Kriter5)
olmustur.

CILOS agirliklandirma yontemi
sonug¢landirildiktan sonra, siralama i¢in CoCoSo
yontemi kullanilmis ve sonuglari Cizelge 8’de
verilmistir.
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Cizelge 8. CILOS sonuglarina gore CoCoSo yontemi performans siralamalari [61]

2022 Yih
Si P Kia kip kic ki Performans siralamasi

B1 0,5302 5,3057 0,2212 7,0169 0,8465 3,7902 2
B2 | 04107 | 6,0868 | 0,2463 6,0009 | 0,9425 | 3,5134

B3 0,0964 4,5056 0,1745 2,2884 0,6675 1,6870 4
B4 0,1399 3,4969 0,1379 2,4507 0,5275 1,6015 5
BS 0,8072 5,0000 0,2201 9,8031 0,8424 4,8423 1

4.3. IDOCRIW Sonuglarmma Goére Katihm yontemde agirliklar Entropi ve CILOS yontemleri

Bankalarimin Performans Siralamasi

ile elde edilen agirlik degerleri dikkate aliarak
hesaplanmaktadir. IDOCRIW yontemi kullanilarak

Caligmada Tgiincli agirlik hesaplama yontemi  hesaplanan agirhik  degerleri  Cizelge 9’da
olarak IDOCROW yontemi secilmistir. Bu  verilmistir.
Cizelge 9. IDOCRIW Ydntemi ile hesaplanan kriter agirliklari [61]

Yil Kriterl Kriter2 Kriter3 Kriter4 Kriter5 Kriter6 Kriter7

2022 0,1663 0,3368 0,2127 0,1287 0,0254 0,0665 0,0636

IDOCRIW Kriter Agirlik Yontemi (mj) sonuglari
degerlendirildiginde 2018-2021 yillarinda en
yiiksek agirliga sahip kriterin Donem Net Kari
(Kriter5) oldugu bulunmustur. 2022 yilinda ise en
yiiksek agirliga sahip kriter Toplam Krediler
(Kriter2) olmustur. 2022 yilinda en yiiksek agirliga
sahip kriterin Toplam Krediler (Kriter2) olmasinda
kredi faiz oranlarmin diismesi etkili olmustur
denilebilir. 2018-2021 yillarinda en yiiksek agirliga
sahip kriterin Donem Net Kar1 (Kriter5) olmasinda
pandemi siireci de dahil olmak iizere tesvik, plan ve
O0demelerin dogru bir sekilde yonetilmis olmasi

etkili olabilir. 2018 yilinda en diisiik agirliga sahip
kriter Toplam Mevduat (Kriter2) olurken, 2019
yilinda en diisiik agirliga sahip kriter Personel
Sayis1 (Kriter7), 2020 yilinda Toplam Ozkaynaklar
(Kriter4), 2021 yilinda Toplam Krediler (Kriter2),
2022 yilinda ise Doénem Net Kari (KriterS)
olmustur.

IDOCRIW agirliklandirma yontemi
sonuglandirildiktan sonra, siralama igin CoCoSo
yontemi kullanilmis ve sonuglari Cizelge 10°da
verilmistir.

Cizelge 10. IDOCRIW sonuglarina gére CoCoSo yontemi performans siralamalari [61]

2022 Yih
Si P; kia kn kic ki Performans siralamasi

B1 0,4672 5,2317 0,2181 6,5507 0,8253 3,5877 2

B2 0,3832 6,0354 0,2456 5,8839 0,9295 3,4563 3

B3 0,0931 4,5367 0,1771 2,3282 0,6705 1,7101 4

B4 0,1028 3,4155 0,1346 2,1047 0,5095 1,4409 5

BS 0,8699 5,0000 0,2246 10,8097 0,8501 5,2346 1
4.4. Duyarhlik Analizi gbstermedigi icin A degeri 0,5 olarak alinmstir.
CoCoSo  analizi sonuglart farkli lambda (A) Entropi yontemi i¢in 2018 y1l1 siralamasinda A 0,1-

degerleri kullanilarak hesaplanmistir.

Duyarlilik analizi sonuglart incelendiginde 2018-
2022 yillar1 arasinda banka performans siralamalari

farkl1 A degerleri icin biiyiik cogunlukla degisiklik
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0,4 degerleri arasinda Ziraat Katilim 3., Albaraka
Tirk Katiim 2. sirada yer alirken, A 0,5-0,9
degerleri arasinda Albaraka Tiirk katilim 3., Ziraat
Katilim 2. sirada yer almistir. Diger bankalarin
siralamasinda degisim olmamistir. Ayni ydntem
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icin diger yillarda da A degeri degisse de siralamada
degisim gozlenmemistir.

CILOS yontemi i¢in 2021 yili siralamasinda A=0,9
degeri i¢in Ziraat Katilim 4., Albaraka Tiirk Katilim
5. diger tiim A degerleri icin Albaraka Tiirk katilim
4., Ziraat Katilim 5. sirada yer almistir. Diger
bankalarin siralamasinda degisim olmamistir. Ayni
yontem i¢in diger yillarda da A degeri degisse de
siralamada degisim gozlenmemistir.

IDOCRIW yo6nteminde 2018 yili i¢in 2A=0,9
degerinde Ziraat Katilim 3. sirada, diger tim
degerlerde 4. sirada yer almistir. Yine Finans
katilim A=0,9 degerinde 4. sirada yer alirken diger A
degerlerinde 3. sirada yer almistir. Ayrica, 2020 yili
icin A = 0.9 degerinde Ziraat Katilim 2. sirada yer
alirken, Finans Katilim 3. sirada yer almistir, diger
tim A degerleri i¢in Ziraat Katilim 3. sirada yer
alirken, Finans Katilim 2. sirada yer almustir.
Ayrica, A 0,1-0,4 degerleri arasinda Vakif Katilim
5., Albaraka Tiirk Katilim 4. sirada yer alirken,
A’nin diger degerlerinde iki bankanin siralamasi yer
degistirmistir.

5. SONUCLAR

Tiirkiye’de faaliyet gosteren katilim bankalarmin
2018-2022 yillarina ait, belirlenen 7 kriter
kapsaminda performanslarinin incelendigi bu
calismada kriterlerin agirliklandirilmasinda
Entropi, CILOS ve IDOCRIW Yontemleri
kullanilmis ve performans siralamasi CoCoSo
Yontemi ile gergeklestirilmistir. Tiirkiye’de faaliyet
gosteren Ziraat Katilim (B1), Vakif Katilim (B2),
Finans Katilim (B3), Albaraka Tirk Katilim (B4)
ve Kuveyt Tiirk Katilim (B5) bankalarina ait 2018,
2019, 2020, 2021 ve 2022 yillar1 igin segili
kriterlere ait veriler bankalara ait web sitesinde
yayinlanan faaliyet raporlar1 iizerinden elde
edilmistir. Caligma sonucunda farkl
agirliklandirma yontemleri ile CoCoSo yontemi

kullanilarak bankalarin performans siralamasi
yaptlmistir. Elde edilen sonuglar Ek-1’de
verilmistir.

Kuveyt Tirk Katilim Bankasi (BS) ENTROPI
Kriter Agirlikladirma Yontemi ile elde edilen 2019
yilt sonuglart haricinde, Entropi ve diger kriter
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agirliklandirma  yontemleri  sonuglarinda  tiim

yillarda performans birincisi olmustur.

Ziraat Katilm Bankasi (B1) ENTROPI Kriter
Agirlik Yonteminde ile elde edilen sonuglarda 2019
yilinda performans birincisi olmustur. Tiim kriter
agirliklandirma yontemleri i¢in 2021 yilinda Ziraat
Katilim Bankasi (B1) son sirada yer almstir.

2015 yilinda kurulan Vakif Katilim Bankasi (B2)
biitiin kriter agirliklandirma yontemlerinde 2018 ve
2019 yillarinda performans siralamasinda sonuncu
sirada yer almustir. 2021 yilinda ise bankanin
performans siralamasinin yiikseldigi
gozlemlenmistir.

2018-2020 yillar1 arasinda performans siralamasi
kriter agirliklandirma yontemlerine gore degisiklik
gosteren Finans Katilim Bankasi’nin (B3)
performans siralamasi 2021 ve 2022 yillarinda tiim
kriter agirliklandirma yontemlerinde ayni ¢ikmis
olup, 2021 yilinda performans siralamasinda 3.
sirada yer almig, 2022 yilinda 4. siraya gerilemistir.

Albaraka Tiirk Katilim Bankas1 (B4) 2018 ve 2020
yillarinda tiim kriter agirliklandirma ydntemlerinde
farkli siralamalarda yer almistir. 2019 ve 2021
yillarinda tiim kriter agirliklandirma ydntemlerinde
4. sirada yer almig, 2022 yilinda 5. siraya
gerilemistir.

2021 yili bitiin kriter agirliklandirma yontemleri
sonuglarinda Kuveyt Tiirk Katilim (BS5) ve Vakif
Katilim Bankalarinin (B2) performans puanlarinda
artiglar oldugu gozlemlenmistir.

Bu calismadaki yaklagim gelecek ¢aligmalarda
farkli CKKV yontemleri ile, bulanik kiimeler gibi
CKKV genisletmeleri ile ve farkli kriterlerle
genigsletilebilir.

6. TESEKKUR

Bu ¢alisma, Su Dagli’nin 2023 yilinda Osmaniye
Korkut Ata Universitesi Isletme Boliimiinde
tamamladig1 yiiksek lisans tez c¢alismasindan
tiiretilmistir. Yazarlar, tez degerlendirme jiirisine
tesekkiir eder.
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Ek 1. ENTROPI, CILOS ve IDOCRIW Kriter Agirlik Yontemi Sonuglarina Gore Katilim Bankalarinin

CoCoSo Yontemi ile Performans Siralamalari [61]

Ziraat Katihm Bankasi (B1)
2018 2019 2020 2021 2022
ENTROPI 2 1 2 5 3
CILOS 4 3 3 5 2
IDOCRIW 4 2 3 5 2
Vakif Katihm Bankasi (B2)
2018 2019 2020 2021 2022
ENTROPI 5 5 4 2 2
CILOS 5 5 5 2 3
IDOCRIW 5 5 4 2 3
Finans Katilim Bankasi (B3)
2018 2019 2020 2021 2022
ENTROPI 4 3 3 3 4
CILOS 3 2 2 3 4
IDOCRIW 3 3 2 3 4
Albaraka Tiirk Katihm Bankasi (B4)
2018 2019 2020 2021 2022
ENTROPI 3 4 5 4 5
CILOS 2 4 4 4 5
IDOCRIW 2 4 5 4 5
Kuveyt Tiirk Katihm Bankasi (BS)
2018 2019 2020 2021 2022
ENTROPI 1 2 1 1 1
CILOS 1 1 1 1 1
IDOCRIW 1 1 1 1 1
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Abstract

This work investigates the impact of tempering temperature on the mechanical properties quenched 1.2842
(02) cold work tool steel depending on the volume fraction of retained austenite (RA). The tempering
temperature significantly influences proportion of RA and the mechanical properties. Therefore, the
tempering temperature and the volume fractions of RA in through-hardened tool steels must be optimized
to minimize dimensional variations and augment performance in service. In this work, the hardened samples
were subjected to tempering process at different tempering temperatures and hardnes, impact and tensile
tests were applied to the samples. Then the results obtained from these tests were analyzed and optimum
tempering temperature was defined. The findings reveal that low-temperature tempering leads to a robust
stabilization of the RA phase and better mechanical properties for the steel investigated.

Keywords: Cold work tool steel, Tempering temperature, Retained austenite, Mechanical properties

Temperleme Sicakliginin Kalint1 Ostenit ve 1.2842 Takim Celiginin Mekanik
Ozelliklerine EtKisi

Oz

Bu calismada, temperleme sicakligi ve kalintt &stenit miktarinin, sertlestirilme islemine tabi tutulmus
1.2842 (02) soguk is takim ¢eliginin mekanik 6zelliklerine etkisi aragtirtlmistir. Sertlestirme 1s1l islemi
sonrast uygulanan temperleme islemlerinde sicakligi kalinti Ostenit miktarini 6nemli derecede
etkilemektedir. Bu nedenden 1s1l iglemler sonrasi istenilen mekanik 6zelliklerinin elde edilebilmesi i¢in
kalint1 Ostenit miktart ve temperleme sicakligmmin optimize edilmesi gerekmektedir. Bu g¢aligmada,
sertlestirilmis ve farkli sicakliklarda temperleme islemine tabi tutulmus numunelerde elde edilen sertlik,
tokluk, ¢ekme dayanimi ve yiizde uzama degerlerini belirlemek icin sirasi ile sertlik, ¢entik darbe ve cekme
testleri yapilmistir. Bu testlerde elde edilen sonuglar analiz edilerek optimum temperleme sicakligi

*Sorumlu yazar (Corresponding Author): Melih BAYRAMOGLU, bayramog@cu.edu.tr
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belirlenmistir. Deneylerden elde edilen sonuglara gore 1.2842 soguk ig takim ¢eligi i¢in kalinti Gstenit
miktarinin en olumlu etkisi ve en uygun mekanik ozelliklerin diisiik temperleme sicakliginda oldugu

gozlenmistir.

Anahtar Kelimeler: Soguk is takim celigi, Temperleme sicakligi, Kalint1 ostenit, Mekanik 6zellikler

1. INTRODUCTION

Steels used for tooling applications are usually
supplied in the annealed condition to simplify
machining and other operations [1]. However, this
condition of steel has a low hardness and wear
resistance. Therefore, tool steels are subjected to
various heat treatment processes at different
conditions according to the steel type and service
requirements. These processes increase the tool's
service performance, contingent on the proper
selection of steel and the correct application of heat
treatment processes [2].

The first heat treatment process is quenching. The
microstructure of tool steels obtained after the
hardening process composed of martensite and
austenite that does not transformed to martensite.
Untransformed austenite is called Retained
Austenite (RA). The mechanical properties of tool
steels such as fatigue resistance and impact
toughness are highly affected by the amount of RA
content. Generally, an optimal amount of RA can
bolster ductility and toughness, whereas an excess
can impair the dimensional stability, strength, and
wear resistance of steel components. Therefore, it is
important to select proper heat treatment conditions
for achieving optimal service life and mechanical
properties [3-6].

Tempering process is applied after the quenching
processes to reduce the brittleness add improve
toughness of martensitic structure and to increase its
ductility and toughness. The tempering conditions
influences proportion of RA and the mechanical
properties. Therefore, it is one of the critical step
during heat treatment of tool steels. Many studies
have been performed in order to determine the
optimum tempering temperatures depending on the
grade of steel [7-9].

This work explores the effect of tempering
temperature on the mechanical properties of
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quenched 1.2842 (02) cold work tool steel
depending on the amount retained austenite. The
volume fraction of retained austenite obtained after
the tempering process was determined at by using
X-ray diffraction method. [10,11]. The analysis
assessed different tempering temperatures and
evaluating the impacts on the mechanical properties
of the 1.2842 tool steel.

2. MATERIALS AND METHODS

2.1. Materials

The subject of this investigation was commercially
available 1.2842 cold work tool steel, a common
member of high carbon steels with modest alloy
additions. A breakdown of the steel's chemical
make-up is found in Table 1. The cost-effective
nature of this steel category, paired with its
suitability for forming dies that demand hard
surfaces and stability during hardening, makes it a
popular choice.

Table 1.Breakdown of chemical composition of
1.2842 steel utilized in the tests (% by

weight)
C Si |[Mn| Cr |[Mo|Ni | V|W| P
0.90|0.25|2.00|040| - - (010 - |0.03

2.2. Heat Treatment Procedure

The study incorporated hardening and tempering
processes under the conditions detailed in Table 2,
in line with the recommended technical procedures
for 1.2842 steel heat treatment.

The test specimens were first stress-relieved at
400°C for 2 hours, austenitized at 820°C for a half-
hour, and oil-quenched. Further stress-relieving
preceded the tempering stage at 150°C to prevent
cracking or warping. Subsequently, the samples
were tempered in an electrical muffle furnace at
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varying temperatures for 90 minutes and cooled in
still air. The tempering temperatures were informed
by the kinetics of diffusional phase transformation
during heating from the quenched state, as detailed
by Continuous Heating Transformations diagrams
(CHT) [12].

Table 2. Heat treatment parameters

Temperature | Time .
?"C) (h) Medium
Stress relieving 400 2 Furnace
Hardening 820 0.5 Oil
150
200
Tempering 250 1.5 Still air
300
400
2.3. Hardness Testing

Rockwell C hardness was measured on the
specimens at room temperature, with the average
hardness taken from at least three readings for each
tempering temperature. The average values were
plotted against tempering temperatures for
interpretation.

2.4. Impact Testing

V-notch test was executed at room temperature
using a 300 J Charpy tester. Samples, measuring
10x10x55 mm and treated at varied temperatures,
were subjected to this test.

2.5. Tensile Testing

Tests were conducted on a 100-ton capacity
hydraulic load-controlled tensile testing machine, in
accordance with ASTM E8M-04. This facilitated a
comprehensive examination of the tensile

properties of specimens conditioned under different
circumstances.

3. RESULTS AND DISCUSSION

3.1. Hardness

Figure 1 illustrates the average hardness and the
proportion of Retained Austenite (RA) across

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023
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varying tempering temperatures. As anticipated, the
maximum hardness was achieved under as-
quenched conditions due to the extensive distortion
in the lattice during martensite formation. The
hardness of the examined samples decreased at
varied rates as the tempering temperature rose to
400°C.

Within a tempering temperature of roughly 150°C,
a minor decrease in hardness to 62 HRC occurred,
mainly due to reduced RA content. This highlights
that the combination of high dislocation density and
precipitation of epsilon carbides contributed to a
less significant reduction in hardness within this
temperature range. An increase in tempering
temperature to around 200°C led to a more
pronounced reduction in hardness (from 64 to 57
HRC). The volume fraction of RA reached a local
maximum at this temperature, linking the soft RA
to the decline in hardness numbers.

In the tempering temperature ranges of 200°C to
250°C and 250°C to 300°C, hardness values dropped
to 53 and 51 HRC, respectively. This occurred
because the volume fraction of retained austenite
started to gradually decline in these ranges, as
corroborated by Kokosza and Pacyna [13].
Secondary hardening effects were absent in the
tempering range of 150°C to 400°C, a result of the
minimal carbide-forming elements in the examined
steel that would typically elevate hardness at higher
tempering temperatures.

65 12

—+#—Hardness HRC

10

60 —&—RA, %vol.

Hardness HRC
o
RA; %vaol.

45

40 0
0 100 200 300 400 500

Tempering Temperature °C

Figure 1. Hardness and RA as a function of
tempering temperature
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3.2. Impact Toughness

Austenite, besides being robust, exhibits greater
impact strength than martensite, leading to a
positive correlation between the steel's impact
strength and its austenite content.

Figure 2 presents the results of impact tests
performed at room temperature and RA volume as
functions of tempering temperature. Increasing the
temperature from 150°C to 200°C resulted in an
enhancement of material impact toughness, peaking
at 200°C, coinciding with a local maximum in RA
volume (Figure 2). Other researchers reported
similar findings, connecting the increment in impact
toughness at this temperature directly to RA
[13,14].

Impact toughness is decreased and reached local
minimum at around 250°C, a result of reduced RA
volume fraction and the influence of tempered
martensite embrittlement. According to Herring and
Euser [15,16], segregation of elements like
phosphorus and sulphur to austenite grain
boundaries causes this reduction. Further studies by
other researchers [17,18] revealed that the higher
amount of Mn and Si can accelerate this
segregation, contributing to tempered martensite
embrittlement in the temperature range of
200-250°C.

Above 250°C, tempering led to higher impact
toughness due to advancements in the tempering
processes and structural coarsening.

5 14
—s+— Impact
Toughness (1)
a5 —— RA Fivol 2

Impact Toughness (1)
w
n
RA vol,

25

2 (1]
o 50 100 150 200 250 300 350 400 450

Tempering Temperature °C

Figure 2. Impact toughness and RA as a function
of tempering temperature
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3.3. Tensile Properties

Following quenching, specimens were tempered for
90 minutes at temperatures ranging from 150°C to
400°C and subjected to tensile testing. The results,
illustrated in Figure 3, demonstrate the steel's
sensitivity to tempering temperature. Both yield and
ultimate tensile strength declined with increasing
tempering temperatures, a known effect of carbon
diffusion in cementite, which diminishes the
strength of tempered martensite while increasing its
ductility.

Figure 3 shows that tempered martensite
embrittlement occurred in the range of
approximately 200-250°C, tensile properties were
relatively unaffected. As Herring [15] noted, this
phenomenon doesn't affect room-temperature
tensile properties but can significantly reduce
impact toughness and fatigue performance.

3000
——Tensile Strength (MPa)

—=—Yield Strength (Mpa)
2500

2000

1500

Strength (MPa)

1000

500
100 150 200 250 300 350 400 450

Tempering Temperature °C
Figure 3. Ultimate tensile strength and 0.2% yield
strength  against the  tempering
temperature

Figure 4 displays the percent elongation and
hardness as a function of tempering temperatures.
With the increment in tempering temperature, the
percent elongation increased, peaking at 400°C.
There appears to be an opposite relationship
between material ductility and hardness as deduced
from experimental observations.
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Figure 4. Hardness and percent elongation as a
function of tempering temperature.

4. CONCLUSION

This study evaluated the mechanical properties of
quenched and tempered 1.2842 tool steel depending
on the tempering temperature and amount RA.
Figure 5 summarizes the relationship between
tempering temperature, retained austenite and
mechanical properties of investigated steel.

Asquenched
120

100

400°C 150%¢

300°C 200°C

250°C
—a— Tensile Strength (MP3 x10%)  —M— Retained Austenite (% x10)
—+— Yield Strength (MPa x10°?) —#— Hardness (HRC)

—=— Elongation (% x10) —=— |mpact Toughness (J/cm? x10)

Figure 5. The relationship between tempering
temperature, RA and mechanical
properties of 1.2842 tool steel
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Several key conclusions were drawn:

The hardness decreased gradually with increased
tempering temperature, though the reduction was
not uniform.

No secondary hardening effect was observed
between 150°C and 400°C.

Impact toughness dropped suddenly from 200 to
250°C due to factors including RA transformation
and segregation of minor elements.

Yield strength and ultimate tensile strength
decreased within the range of 150-200°C, with no
significant effect from tempered martensite
embrittlement.

Percent elongation increased with tempering
temperature, peaking at 400°C.

The results indicate that a tempering temperature
range of about 180-220°C is recommended for
tempering 1.2842 tool steel, considering the effects
on hardness, tensile properties, and impact
toughness.

This analysis offers a comprehensive understanding
of how tempering temperature affects various
properties of 1.2842 tool steel, providing valuable
insights for industrial applications and further
research.
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Oz

Bulut biligim sundugu servislerin yonetim kolaylig1 ile sikilikla tercih edilen bir secenek haline gelmistir.
Bulut Bilisim’de sunulan sanal sunucular miisterilerin ihtiyacina gore belirlenebilmektedir. Sanal sunucu
secenekleri arasindan hedeflenen iiriiniin se¢imi, segenek sayisinin fazlaligi ve bir arada degerlendirilmesi
gereken kriterlerin ¢oklugu sebebi ile ¢ok kriterli karar verme problemine doniigmektedir. Bu ¢aligmada
karar vericilerin sanal sunucu sec¢iminde kriter agirliklarinin Entropi yontemi ile belirlendigi ve
seceneklerin VIKOR yontemi ile siralandigi bir model dnerilmistir. Modelin etkinligi kriter agirliklarinin
uzman goriisii alinarak Analitik Hiyerarsi Siireci ile hesaplandigt durum ile karsilastirilmistir. Gelistirilen
test ortaminda Amazon EC2 iiriin konfigiirasyon sinirlari arasinda rastgele olusturulan farkli miisteri talebi
senaryolar1 uygulanmustir. Onerilen ydntem ve kriterlerin uzman goriisii alinarak AHS ile hesaplandig1 ve
VIKOR ile siralandig1 yontemlerin sonuglari karsilastirilmis ve %81.21 oraninda aym {iriiniin onerildigi
gozlemlenmistir. Bulut bilisime gb¢ problemi kapsaminda modelin yeterli teknik bilgiye sahip olmayan
yonetim kademesindeki karar vericiler igin alternatif bir segenek olarak degerlendirilebilecegi
onerilmektedir.

Anahtar Kelimeler: Bulut bilisim, Karar teorisi, Cok kriterli karar verme

A Multi-Criteria Decision Support Model for Cloud Computing Virtual Server
Product Selection

Abstract

Cloud computing has become a preferred option due to the ease of management of the services it offers.
Virtual servers offered in Cloud Computing can be configured according to the needs of the customers. The
selection of the targeted product among the virtual servers turns into a multi-criteria decision making
problem due to the large number of options and the large number of criteria that need to be evaluated
together. In this study, a model is proposed in which the criteria weights are determined by Entropy method
and the options are ranked by VIKOR method. The effectiveness of the model is compared with the case
where the criteria weights are calculated by Analytic Hierarchy Process with expert opinion. In the
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developed test environment, different customer demand scenarios randomly generated within Amazon EC2
product configuration boundaries were applied. The results of the methods where the proposed method and
criteria were calculated with AHS and ranked with VIKOR by taking expert opinion were compared and it
was observed that the same product was recommended 81.21% of the time. It is suggested that the model
can be considered as an alternative option for decision makers at the management level who do not have
sufficient technical knowledge within the scope of the cloud computing migration problem.

Keywords: Cloud computing, Decision theory, Multi criteria decision making

1. GIRIS

Bulut Biligim, bilgisayar aglar1 izerinden birbirine
baglh yiiksek kapasiteli bilisim servislerinin
kullanicilara diigiik maliyetle sunuldugu bir
hizmettir [1]. Kisiler ve kuruluslara talepleri halinde
kullandiklar1 kadar 6deyebilecekleri ve istedikleri
yerden erigebilecekleri bilisim kaynaklart sunan
bulut bilisim, ana yatirnm biit¢esi olmadan ve
altyapt isletim masrafi yapilmadan yiliksek
kapasiteli bilisim kaynaklarma erisim
saglamaktadir [2]. Miisterilerin farkl: ihtiyaclarma
gore Ozellesmis olarak sunulan servis olarak
yazilim, servis olarak platform ve servis olarak
altyapi lirlin modelleri olan bulut bilisimde yazilim
uygulamalari, gelistirme platformlar1 ve sanal
sunucu altyapilari kiralanarak kullanilabilmektedir

[3].

Bulut  bilisimin  sagladigi  dlgeklenebilirlik,
kullandigin kadar 6deme, aracisiz olarak bilisim
kaynaklarina erigim, gilivenlik, siirdiiriilebilirlik
ozellikleri ve bilisgim servislerine yapilmasi
planlanan yatirimlarin dngortilebilirligi sebebi ile
giin gectikce daha cok kurulus kaynaklarini bulut
bilisime tagimay1 degerlendirmektedir [4,5].
Bilisim ydneticileri, bulut altyapilarina gegis
sonrasinda geleneksel is siireclerinde giincelleme
yapilmasi zorunluluguna ve operasyonlarinin ag
kesintilerinden etkilenme olasiligina ragmen bulut
bilisimin piyasa kosullarina hizli adapte olmay1
diisiik maliyet ile saglamasi sebebiyle altyapilarini
bulut bilisime aktarma konusunda isteklidirler [6,7].
Bulut bilisimin servis olarak yazilim hizmetinde
miigteriler bilgisayar aglar1 iizerinden ihtiyag
duyduklart yazilimlari kiralayarak
kullanabilmektedirler. Servis olarak platform
hizmetinde ¢esitli uygulama gelistirme araglar1 ve
yazilimlar1 sunulurken bulut hizmet seviyesinin en
altinda yer alan servis olarak altyapi hizmetinde
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kullanicilarin ihtiya¢ duydugu bilisim altyapilar
sanallagtirtlmis olarak sunulmaktadir [8-10]. Servis
Olarak Altyap1 (SOA) hizmeti; sanal sunucu, sanal
veri depolama alan1 ve sunucularin bilgisayar agi
kaynaklarin1 miisterilerin yerel kaynaklar1 gibi
kullanmalarina olanak saglayan bir servis modelidir
[11]. Bulut bilisim SOA servisinin temel tir{ini
olan sanal sunucu iiriinleri arasindan ihtiyaca uygun
olan yapilandirmanin karar verici kriterleri
degerlendirilerek onerilebilmesi, ¢ok sayida servis
saglayici olmasi, her servis saglayicinin farkli sanal
islemci, bellek, disk, bant genisligi ve fiyat
kombinasyonlarina sahip ¢ok sayida iiriin segenegi
sunmas1 sebebi ile ¢ok kriterli karar problemine
doniismekte ve yoneticiler igcin karar destegine
ihtiya¢ duyulmaktadir [12,13].

Bu c¢alismada sanal sunucu se¢im problemi
hakkinda yeterli teknik bilgiye sahip olmayan
yonetim seviyesindeki karar vericiler igin kriter
agirliklarmin  segenekler arasindaki farklilagsma
seviyesini temel alan Entropi [14] yOntemi ile
hesaplandig1 ve alternatiflerin VIKOR [15] yontemi
ile siralanarak karar verici taleplerine en uygun
griinlerin  bulunmasini amaglayan bir model
onerilmistir. Modelin etkinliginin test edilmesi i¢in
alan uzmani en az 3 yil tecriibeli 28 sistem ve ag
yoneticisi personelin uzman goriisiine
bagvurulmustur. Alan uzmanlarinin sanal igslemci,
bellek, disk alan1 ve bant genisligi kriterlerinin
birbirine goére baskinliklarini degerlendirmeleri
amaci ile AHS[16] yonetimde kullanilan ikili
karsilastirma matrisi kullanilmis ve uzman goriisii
ile birlikte kriter agirliklar1 hesaplanmistir.

Matlab [17] gelistirme ortaminda olusturulan test
diizeneginde Amazon EC2 [18] iiriin listesinden
Amazon komut satir1 araylizii servisi kullanilarak
elde edilen 3339 satirlik veri setindeki her bir
kriterin alt ve iist smirlar1 arasinda rastgele
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olusturulan toplamda 161118 farkli {irin sorgusu,
kriter agirliklarmin Entropi ve AHS yontemleri ile
hesaplandig1 iki modele gonderilmis ve her iki
model toplamda %81.21 benzer iiriin Oneriminde
bulunmustur. Elde edilen bulgular Entropi yontemi
ile kriterlerin otomatik agirliklandirldigr  ve
VIKOR ile siralandigi modelin sanal sunucu se¢imi
problemi hakkinda yeterli teknik bilgiye sahip
olmayan yonetim kademesindeki karar vericiler igin
giiclii bir alternatif olarak degerlendirilebilecegini
gostermektedir.

1.1. Sunucu Sanallastirma ve Servis Olarak
Altyapi

Bilisim uygulamalarinin kullanicilara sunulmasi
icin  yazilimlarin  barindirilacagt  bilgisayar
sistemlerine  ihtiyag  duyulmaktadir. ~ Sunucu
bilgisayarlar olarak adlandirilan bu donanimlar
giiniimiizde yiiksek islemci ve bellek kapasitesine
ulagmustir. Sunucu bilgisayarlarin tek bir isletim
sistemi iizerinde tiim islemci ¢ekirdekleri ve bellek
kapasitesini kullanacak sekilde yapilandirilmasi
kaynaklarin verimsiz kullanimina yol ag¢makta,
cogunlukla da sunucunun teknik oOzelliklerine
kiyasla istenilen performansin alinamamasina
neden olmaktadir. Kaynaklarin verimli
kullanilabilmesi adina bir sunucu bilgisayarin
birden c¢ok birbirinden izole isletim sistemi
calistirabilmesine ve donanim kaynaklarinin bu
isletim sistemlerine paylastirilmasina olanak
saglayan  sunucu  sanallagtirma  teknolojisi
gelistirilmistir [19-21]. Bu teknolojide fiziksel
sunucu bilgisayar kaynaklar1 hipervizor [22] adi
verilen sanallagtirma yazilimi ile farkli isletim
sistemleri arasinda paylastiriimakta ve sunucu
bilgisayar tizerinde birden cok isletim sistemine
sahip farkli sanal sunucu calistirilabilmektedir
[23,24].

Veri depolama donanimlari, sunucu bilgisayarlar,
hipervizér ve sanal sunuculardan olusan
sanallagtirma altyapisinda veri depolama igin
fiziksel sunucularin disk alanlar1 ya da veri iletim
aglar1 {izerinden erisim saglanacak sekilde veri
depolama donanimlar1 kullanilabilmektedir (Sekil
1). Sanallastirma ile kullanicilara; maliyet
verimliligi, is yiikiinde azalma, enerji verimliligi,
uygulamalarin hizli isletime alinmasi ve felaket
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kurtarma senaryolariin uygulanmasi konularinda
kolaylik saglanmaktadir [27,28].

Sanal Sanal Sanal Sanal
Sunucu Sunucu Sunucu Sunucu
HIPERVIZOR

Fiziksel Sunucular

Veri Depolama Katmani

Sekil 1. Sunucu sanallagtirma katmanlari [25,26]

Bulut bilisim SOA servisleri miisterilere kapasite
ihtiyact degisikliklerinde kolaylikla
Olgeklenebilecek ve kullanildig1 siire boyunca
faturalandirilacak donanim ve sanal altyapilar
sunmaktadir [29,30]. SOA servisinde hazir sanal
sunucu ¢oOziimleri miisteriler tarafindan siklikla
tercih edilen triinlerdir.

Cizelge 1. Ornek SOA sanal sunucu iiriinleri

. - Bellek | Disk | B.Genisligi
Uretici Uriin vCPU (GB) | (GB) (Gbps)
IAmazon C61d1arge 2 4 118 12,5
Google | c3-highcpu-22 | 22 44 256 23
IAlibaba | Hfg7.2xlarge 8 32 40 6

Amazon EC2, Google Cloud CE, Alibaba Cloud
ECS gibi 6nde gelen bir¢ok bulut servis saglayici,
sanal sunucu triinleri i¢in farkli bellek, depolama
alan1 ve bant genisligi Ozellikleri olan hazir
konfigiirasyonlart ~ miisterilerine  sunmaktadir
(Cizelge 1). Bulut servis saglayicilarin fazlaligi,
sanal sunucu driinleri kapasite cesitliligi, servis
verilecek veri merkezi lokasyonlarinin farkliligi
gibi bir¢ok kriterin se¢im asamasinda bir arada
degerlendirilmesi gerektiginden se¢im problemi
birgok  kriterli  karar verme  problemine
doniismektedir [31,32]. Bulut servis saglayicilarin
birbirlerine yakin teknik ozelliklere sahip olan
irlinlerini farkli igletim sistemi, farkli islemci
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mimarisi ve farkli disk tiplerini {irlin ¢esitliliginde
kullanmalar1 sebebi ile sanal sunucu segim
problemi daha da karmasik bir hal almaktadir.

1.2.
Destegi

Bulut Bilisim Uriin Seciminde Karar

Bulut bilisim sanal sunucu kiralama hizmeti
kullanmak isteyen ya da mevcut sanal sunucularini
bulut bilisime tagimak isteyen firmalar ¢ok sayida
servis saglayic1 ve bu servis saglayicilarin farkl
fiyatlandirma politikalari ile isletilen farkli kapasite
ve donanim mimarisi iizerinde caligtirilan hazir
sanal sunucu iriinleri arasindan kendilerine uygun
iiriinii  se¢meleri gerekmektedir. Bulut bilisime
tagmacak sanal sunucu adedi ve konfigiirasyon
cesitliliginin  fazla oldugu durumlarda segim
probleminde karar destegine ihtiya¢ duyulmaktadir.

Literatiirde bulut bilisim servis saglayict ve iiriin
secimi ile ilgili karar vericileri desteklemek amaci
yapilan caligmalar one g¢ikmaktadir. SOA servis
saglayici ve Uriin se¢iminde bellek, islemci, yazma
okuma hiz1 gibi sanal sunucu servis seviyesi
performans verisinin veya hizmet kalitesi seviyesi
kriterlerinin degerlendirildigi, talebe uygun iiriin ve
servis saglayicinin belirlendigi ¢ok kriterli karar
verme tekniklerinin uygulandigi ¢alismalar [33-44]
oldugu gibi SOA {iriinlerinin teknik 6zelliklerinin
secim kriteri olarak belirlendigi, kullanict talebine
en uygun Uriiniin 6neri olarak sunuldugu Oneri
sistemleri [45-49] de bulunmaktadir.  Servis
saglayic1 se¢iminde hizmet kalitesi kriterlerinden
olan, miisteri memnuniyeti, kesinti siiresi, sorun
bildirimlerine ~ doniis hizi,  dlgeklenebilirlik,
servislerin performans seviyesi, hizmet seviyesi
anlagsmas1 ihlal oranlar1 temel karsilastirma
kriterleri olarak dnce ¢ikmaktadir.

Cok kriterli karar verme metotlar1 disinda SOA
katmaninda sunulan fiziksel sunucu ve sanal sunucu
bilesenlerinin servis saglayicinin kendi iiriin
listesinde ya da farkli servis saglayicilar arsindaki
performanslarinin kargilastirildigi calismalarda[50-
56], sunucularin islem hizi, veri iletim hizi ve
yazma/okuma hizi gibi performansa etki eden
kriterler test edilmekte ve karar vericilerin hizmet
performansinin karsilastirmalarina olanak
taninmaktadir.
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Bu ¢alismada sanal sunucu iirlinii segiminde nesnel
kriter agirliklandirma metotlarindan olan Entropi
yontemi c¢ok kriterli karar verme yontemlerinden
olan VIKOR yontemine ile beraber kullanilarak
teknik bilgiye sahip olmayan karar vericilerin de
bulut bilisime go¢ problemi karsisinda alternatif
tirlin se¢imi Onerisi alabilmesi ve bulut bilisime go¢
senaryolarini test edebilecekleri karar desteginin
saglanmasi amaglanmistir.

2. YONTEM
Bulut Bilisim sanal sunucu iiriin se¢imi karar
destegi saglanmasinda Amazon EC2 iriin

konfigiirasyonlarini igeren ve ¢evrimi¢i komut satiri
arayiizii servisi kullanilarak internet tizerinden anlik
olarak elde edilebilen 65 farkli veri merkezi
lokasyonunda, 275 farkl iiriin tipinde, 1497 farkl
fiyat bilgisine sahip toplam 3339 farkli sanal sunucu
konfiglirasyonunun yer aldigi iiriin  verisi
kullanilmistir. Elde edilen veri, veri 6n islemeden
gecilerek veri igerisinde yer alan ve tiizel
miisterilere sunulmayan kamu bulutu ¢dziimleri,
disk kapasitesinin ag tabanli servisler ile sunuldugu
konfigiirasyonlar ve fiyat bilgisinin belirtilmedigi
satirlar veriden ayiklannistir. Uriin verisinde yer
alan sanal islemci adedi, bellek miktari, disk
kapasitesi, bant genisligi ve fiyat kriterleri
problemin se¢im kriteri olarak belirlenmistir. Veri
setinin 6zet goriinimii Cizelge 2°de, veri setindeki
kriterlerin alt-iist siirlar1 ve her bir kriter igin kag
farkli adette veri oldugu Cizelge 3°de verilmistir.

Cizelge 2. EC2 iiriin veri seti zet goriiniim

Uriin vCpu | Bellek | Disk | Fiyat
(Adet) | (GB) | (GB) &)
cSad.large 2 4 75 62.82
cSad.xlarge 4 8 150 125.6
c6id.xlarge 4 8 237 147.2
c6id.metal 128 256 | 7600 | 4712
Cizelge 3. EC2 iiriin veri seti sinirlar1
vCpu | Bellek | Disk BW Fiyat
(Adet) | (GB) | (GB) &)
Min. 1 2 4 1 17.89
Maks. | 192 4096 [336000| 400 | 37999
Tip 15 41 81 16 1497
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Onerilen model ile yeterli teknik bilgiye sahip
olmayan yoneticiler i¢in se¢im kriter agirliklari
Entropi yontemi ile hesaplanmakta ve Triinler
VIKOR ¢ok kriterli karar verme yontemi ile
siralanmaktadir. Yontemin ~ ger¢cek  hayat
kosullarindaki  performansinin  belirlenebilmesi
adma alaninda uzman profesyonellerden se¢im
kriterlerini, sanal sunucu iizerinde c¢alistirilacak
herhangi bir is yiikii bilgisine sahip olmadan
agirliklandirmalan talep edilmistir. AHS yontemi
kullanilarak olusturulan ikili karsilastirma matrisini
doldurmalar1 istenilen, sunucu ydnetim tecriibesine
sahip, sistem yoOneticisi ve ag yoneticisi
pozisyonlarinda en az 3 yil tecriibe ile ¢aligsmakta
olan 28 uzmanimn girdilerinin AHS yontemi ile
islenmesi sonucunda elde edilen kriter agirliklar
VIKOR yontemine girdi olarak kullanilmastir.
Entropi yontemi ile yapilan kriter agirliklandirma
ve AHS yonteminde uzman goriisii alinarak elde
edilen kriter agirhiklarmin VIKOR ydnteminde
kullanilmast  sonrasinda elde edilen iiriin
siralamalarmin benzerligi karsilastirilmistir.

2.1. Entropi Yontemi Kriter Agirhklandirma

Rudolf Clauisus tarafindan termodinamikte
diizensizligin bir dl¢iisii olarak tanimlanan entropi
[57] Shannon’un enformasyon teorisinde [58]
kesikli olasilik dagilimi ile aciklamis ve
belirsizligin 6l¢iisii olarak ele alinmistir.

Entropi kriter agirliklandirma teorisinin temelinde
bir arada degerlendirilen segeneklerde ayni kriter
Ozelinde kriter degerleri arasindaki farklilik ne
kadar fazla ise o kriterin se¢im problemindeki
onemi o kadar yiksektir fikri yatmaktadir. Bir
baska deyisle bir kriterin sahip oldugu bilgi miktar1
ne kadar fazla ise se¢im problemindeki 6nemi o
Ol¢iide fazladir [59,60]. Bununla birlikte entropi
metodu, ¢ok kriterli karar verme probleminde
kullanilacak veri setindeki kriterler hakkindaki
yargilarin kismi olmasi ya da hi¢ olmamasi
durumunda kriter agirliklarinin belirlenmesinde
objektif bir yontem olarak kullanilabilmektedir
[61]. Yontem herhangi bir subjektif
degerlendirmeye ihtiyag duymamast ve kriter
agirhiklarmin  hesaplanmasinda karar matrisinin
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olusturulmasinin yeterli olmasi sebebi ile farkli cok

kriterli karar verme problemlerine
uygulanabilmektedir [62].
Entropi  yontemi ile kriter  agirliklarinin

hesaplanmasi dort asamali bir siireci kapsamaktadir
[63,64].

Asama 1,2: Karar matrisi diizenlenerek normalize
edilir. i degeri alternatifleri, j degeri kriterleri ifade
etmek iizere esitlikte yer alan [xl- j] 1. alternatifin j.
kriteri 6zelindeki performans degeridir.

X11 X12 X1n
X211  X22 Xon
K - [xi]]mxn R (1)
Xm1 Xm2 Xmn
Xij . .
Ty =S -, i=12,....m,j=1.2...,n) 2)
p=1%pj

Asama 3: Her bir kriterin entropi degeri olan e;
hesaplanir (Esitlik 3).

e = —In(n)~L. ?:1 Tij ln(rij) 3

Asama 4: Entropi degerleri bulunan kriterlerin
kriter agirliklart hesaplanir (Esitlik 4).

1—81'
n .
Zj:l 1-ej

W]'=

“

2.2. Analitik Hiyerarsi Siireci (AHS) Kriter
Agirhiklandirma

Saaty tarafindan 1990 yilinda Onerilen analitik
hiyerarsi siireci [65], ¢ok kriterli karar verme
problemlerinde kompleks karar kriterlerinin analiz
edilmesine, Onceliklendirilmesine ve problemin
hiyerarsiler sistemine boliinmesine olanak saglayan
cok kriterli bir karar verme yontemidir [66].
Problemin hiyerarsik yapisinin tanimlanmasini
temel almasi ile karar vericilere kriter ve alt
kriterlerin 6nem derecesi belirlenmesi asamasinda
secim kriterlerine odaklanilmasina olanak saglar
[67]. AHS karar vericilere birbiriyle iliskili ve
cogunlukla birbiri ile ¢elisen kriterler arasinda
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onem derecesi belirlenmesine imkan taniyarak
karar vericinin yargisina uygun alternatiflerin
belirlenmesine yardimci olur [68,69].

Yontem, problemin pargalara ayrilmasini ve bu
pargalar arasindaki hiyerarsinin kurulmasini ilk
adim olarak ele alir. Problem hiyerarsisinde en {ist
seviye, ulagilmak istenen amag, ikinci seviye karari
etkileyebilecek kriterler ve en alt seviye ise segim
alternatifleridir [70]. Karar vericilerin probleme
0zgii kriterleri ikili karsilagtirmalari sonucuna gore
kriter agirliklar belirlenir. Kriter agirlik degeri ne
kadar yiiksekse kriterin dnemi o dlgiide yiiksektir ve
kriter degerlerinin agirliklar1 arasinda bir baskinlik
siralamasi yapilmasi miimkiindiir [71].

Yontemin asamalari
Ozetlenebilir [72].

asagida belirtildigi  gibi

e Problemin tanimlanmasi ve hedef belirlenmesi
o Kriterlerin ve alternatiflerin belirlenmesi

e Hiyerarsik karar diyagraminin olusturulmasi

o Karsilagtirma matrislerinin olusturulmasi

o Kriter agirliklarmin hesaplanmasi

o Tutarlilik kontroliiniin yapilmasi

e Kararin verilmesi

Kriter agirliklarinin belirlenebilmesi igin karar
vericilerden kriterleri ikili olarak karsilagtirmalari
istenir. Kriterlerin 6nem diizeyi belirlenirken
Saaty’nin gelistirdigi 6lgek kullanilmaktadir [73].
Onem diizeyi 6lgegi Cizelge 4°de ve “K” kriter, “w”
kriter agirligi olmak tizere 6rnek ikili karsilagtirma
matrisi Cizelge 5’de verilmistir.

Cizelge 4. AHS 6nem diizeyleri cizelgesi

Puan Deger
1 Esit onem diizeyi
3 Kismen 6nemli
5 Onemli
7 Cok 6nemli
9 Asir1 onemli
2,4,6,8 Ara degerler

Cizelge 5. AHS 6rnek ikili karsilagtirma matrisi

K1 K2 Kn
K1 1 wl/w2 wl/wn
K2 w2/wl 1 w2/wn
Kn wn/wl wn/w2 1
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Karar vericiden ya da alan uzmanindan elde edilen
subjektif degerlendirmelere dayanarak
karsilastirma matrisi olugturulur (Esitlik 5).

Knxn:[kij]; 15.] E{l, 2: ey 1’1} (5)

Kriter sayis1 “n” olmak iizere “nxn” boyutundaki
kare karsilagtirma matrisinde i=j oldugu hiicreler 1
degerini alirken, diger hiicreler karar verici
tarafindan belirlenen O6nem diizeylerine gore
puanlanir. Matristeki simetrik hiicrelerde Esitlik
6’daki doniistim uygulanmaktadir.

kji = — (6)

kij

Karsilagtirma matrisinin her bir hiicresi kendi siitun
toplamina boliinerek, normalize edilir (Esitlik 7).

= Kij
bij =3 K (7
Normalize edilen kriter matrislerinin  satir

ortalamalar1 alarak oncelik (agirlik) matrisi elde
edilir (Esitlik 8).

W, =221 ®)
Karar verici tarafindan yapilan ikili
karsilastirmalarin tutarli olup olmadigr tutarlilik
orani(CR) hesaplanarak test edilir. CR degerinin
elde edilebilmesi icin bir dizi hesaplama yapilir.
Karsilastirma matrisi ve kriter agirlik matrisi
carpimindan A 6z vektori elde edilir (Esitlik 9).

Amax ise A 6z vektdriindeki en yiiksek degerdir.
CI tutarlilik indeksi ve CR tutarlilik oran1 hesaplanir
(Esitlik 11,12). Rastgele gosterge degerleri (RI)
Cizelge 6’da verilmistir. Elde edilen tutarlilik
oranmin sifir ya da sifira yakin olmasi karar
vericilerin ikili karsilastirma islemlerinde tutarli
davrandiklarmin bir gostergesidir. 0,10’a kadar
tutarsizlik degeri kabul edilir. Bu degerden yiiksek
elde edilen tutarsizlik oranlarinda karar vericiler
karar yargilarini yeniden gozden gegirmelidir [74].

A=WxK Q)

Amax=MaxA;

(10)
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Amax-n
al

CR= - (12)
Cizelge 6. Rastgele gosterge degerleri (RI)

n RI N RI

1 0,00 6 1,24

2 0,00 7 1,32

3 0,58 8 1,41

4 0,90 9 1,45

5 1,12 10 1,49
AHS yonteminde kriter ve alternatiflerin
agirhiklarmin  belirlenmesi  siirecinde,  karar
vericilerin 6znel yargilart etkindir [75]. Bu
calismada AHS’nin kriter agirliklarimin
belirlenmesi asamasina kadar olan adimlari

uygulanmig ve karar vericilerin kriterlerin ikili
kargilagtirmalarindaki tutarliliklart test edilmistir.
Elde edilen agirliklar VIKOR modeline girdi olarak
kullanilmustir.

2.3. VIKOR Yontemi ile Bulut Bilisim Uriin
Secimi

VIKOR, karar problemlerinde ideal sonuca en
yakin alternatifi belirlemeyi hedefleyen ve farkli
kriterlerin bir arada degerlendirilmesine imkan
tantyan birgok kriterli karar verme yontemidir [76].
Birbiri ile ¢elisen kriterlere sahip alternatiflerin
siralanmasinda uzlagik bir ¢6zlim bulmay1 hedefler.
Uzlasik ¢oziim ¢ogunlugun en yiiksek grup fayda
degerini ifade ederken karsit goriisliilerin de en az
pismanlig1 saglanir. Uzlagik ¢oziim degeri ideal
¢oziime en yakin olan ¢6ziimdiir. Seg¢im
problemindeki her alternatifin her bir kriteri igin
degerlendirildigi modelde alternatifler ideal
alternatife uzakliklarina gore siralanir [77].

Yontemin asamalart asagidaki sekilde siralanabilir
[78];

Asama 1: i kriterler ve j alternatifler olmak tizere.
Her bir kriter i¢in en iyi fj+ ve en kétii f; degerleri
hesaplanir (Esitlik 13,14).

i=12 ..,n,j=12, .,m
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J kriteri siirecte fayda olarak ele alinmigsa;

fi' = max;x;; , i = mingx;; (13)
j kriteri siiregte maliyet olarak ele alinmissa;
fi'=minyx;; , fi7 = max;x;; (14)

olarak hesaplanir.

Asama 2: Karar matrisi elde edilen fj+ ve fj
degerleri ile normalize edilerek ve 7;; matrisi elde
edilir (Esitlik 15). Normalize edilen karar matrisi
w; kriter agirliklari ile ¢argilarak agirhklandirilomus
karar matrisine doniistiiriliir (Esitlik 16).

1} =
ry =L (15)
9] fj+_fj
vij =T'ijo (16)

Asama 3: S; ,R; , Q;, degerleri; S; ortalama grup
degerini, S en kotii grup degerini, ¢; maksimum
grup faydasini ifade etmek tizere hesaplanir (Esitlik
17,18,19).

Sp = Xjca vy (17)

R; = maxv;; (18)
_ 5j-s" _ Rj-R"

Q=001 (19)

fj+ minimum S; degerini, S maksimum S Y degerini,
R minimum R; degerini, ifade etmek ilizere g
degeri maksimum grup faydasini 1 - q degeri ise
minimum  karsit goriis pismanligini  ifade
etmektedir. Maksimum grup faydasinda ¢>0.5
olmast ¢ogunlugun olumlu tutumunu, ¢=0.5
uyusmayi, q<0.5 ise reddetmeyi ifade etmektedir
[79].

Elde edilen §; ,R; , Q;, degerleri kiigiikten biiyiige
siralanarak  alternatifler — arasindaki  siralama
bulunur. Sonucun gegerliliginin test edilebilmesi
icin kabul edilebilir avantaj ve kabul edilebilir
istikrar kosullari test edilir. Kabul edilebilir avantaj
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kosulu siralamada en iyi ilk iki siray1r paylasan
secenekler arasinda belirgin bir fark olmasini kabul

eder. m degerlendirilen alternatif sayisini
gostermek lizere, ikinci ve birinci alternatif
arasindaki fark (Esitlik 20) deki esitsizligi
saglamalidir.

1
Q(4) — QA1) 2 — (20)

Kabul edilebilir istikrar kosulunda ise; Q degeri
siralamada en iyi olan alternatifin S ve R
degerlerinin en az birisinde de siralamada en iyi
degerde olmasi aranir.

2.4. Kriter Agirhklarinin Hesaplanmasi

Amazon EC2 iiriin katalogundan elde edilen iiriin
listesinde bulunan 6zelliklerden temel sanal sunucu
niteliklerinden sanal cpu(vcpu), bellek, disk, bant
genisligi ve fiyat kriterleri secim kriterleri olarak
belirlenmistir. Sistem yoneticisi ve ag yoneticisi
olan ve en az 3 yil ¢aligma tecriibesine sahip uzman
personelden herhangi bir is yiikii bilgisine sahip
olmadan bir sanal sunucu iiriin se¢imi yapmalari
istenildigi durumda sanal islemci, bellek, disk, bant
genigligi ve fiyat kriterlerinin  birbirlerine
baskinliklarin1 degerlendirmeleri talep edilmistir.
Bu amacla hazirlanan ve katilimcilara iletilen
cevrim i¢i web formundaki AHS ikili karsilastirma
matrisindeki ~ girdiler  kriter  agirliklarinin
hesaplanmasinda kullanilmistir. Toplam 28 uzman
katilimemin girdileri ile AHS yontemi kullanilarak
secim kriterlerinin agirliklart hesaplanmistir. Elde
edilen kriter agirliklar1 Cizelge 7°de verilmistir.

Cizelge 7. AHS yontemi kullanilarak elde edilen
kriter agirhiklar

vCpu | Bellek | Disk | B3 | Fiyar
genisligi
0.3560 | 0.2741 {0.1474| 0.1113 0.1112

Karar verme siirecinde birden ¢ok ve genellikle
birbiri  ile  c¢elisen  kriterin  bir  arada
degerlendirilmesi  gerekliligi  karar  siirecini
zorlastirmaktadir. Karsilastirilacak kriter sayisinin
artmasi ile birlikte karsilastirilacak ikili kriter sayisi
artmakta ve AHS yonteminde ikili karsilastirmalar
ile baskinlik degerleri hesaplamasi sonrasinda elde
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edilen tutarlilik orami, yeterli tutarlilik degerini
saglanamadiginda karar vericinin kriterlerin ikili
karsilastirmalarini tekrar yapmasi beklenmektedir
ve bu siire¢ kabul edilebilir tutarlilik orani
yakalanana kadar devam etmektedir. Siirecin karar
vericilerin hatasina acik olmasi, karar verme igin
zaman kisitinin bulundugu durumlarda
kullanilamamasi ve karar vericilerin karar kriterleri
hakkinda yeterli teknik bilgiye sahip olmamasi
durumunda uygulanamamasi sebepleri ile karar
verici yargisina gereksinim olmadan kriterlerin
agirliklarinin hesaplanabildigi cesitli nesnel kriter
agirhiklandirma  yontemleri  Onerilmistir.  Bu
yontemlerden birisi olan Entropi yontemi ile kriter
agirhiklandirildigr yontem, alternatif olarak SOA
iriin seciminin kriter agirliklandirma asamasinda
kullanilmustir.

Onerilen yontemin performansinin
degerlendirilmesi amaciyla Matlab programinda bir
test yazilimi gelistirilmistir. Test ortaminda

Amazon EC2 veri setindeki kriterlerin alt ve {ist
smirlar1 gozetilerek farkli talep sayilarinda rastgele
miigteri talepleri olusturulmus ve uzman goriisii
alinarak kriterlerin agirliklandirildigi model ile
Entropi yontemi ile kriterlerin agirliklandirildig:
modellerin bu talepler karsisinda Amazon EC2 veri
setinden  Onerdikleri  {rlinlerin  benzerlikleri
karsilastirilmigtir.  Rastgele olusturulan miisteri
taleplerinde, istenilen kriterleri minimum diizeyde
karsilayan iiriin sayilar1 her bir talep icin farklidur.
Ornegin; “vepu >= 14, bellek >=210, disk >=6120,
bant genigligi >=50 ve fiyat <=25690 olan talep
icin Amazon EC2 veri setinde bu talebe uygun
alternatif tiriin sayis1 138 iken “vcpu >= 37, bellek
>=143, disk >=1769, bant genisligi >=5 ve fiyat
<=15639” olan talepte siralama yapilacak alternatif
iriin sayist 941 olmaktadir. Entropi yontemi ile
yapilacak kriter agirliklandirmada alternatiflerin
bulundugu veri setinin kendi i¢ dinamiklerinden
faydalanildigindan her bir talep igin ortaya c¢ikan
farkli boyuttaki veri setinin her birisi i¢in ayrica
kriter  agilik  hesaplamasi  yapilmaktadir.
Olusturulan farkli miisteri talepleri sonrasinda
hesaplanan Entropi kriter agirliklarindan 6rnek veri
Cizelge 8’de verilmistir.
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Cizelge 8. Entropi yontemi kullanilarak elde edilen
kriter agirliklar 6rnegi

vCpu | Bellek | Disk Bant | pat
genisligi
0.0267 | 0.1621 | 0.7113 0.0567 0.0429
0.0623 | 0.1182 | 0.6251 0.0917 0.1024
0.0172 | 0.2036 | 0.5972 0.1085 0.0732
Sg, Rg , Qp  Entropi yontemi kullanilarak elde

edilen kriter agirliklarinin VIKOR yontemine girdi
saglanmast sonucunda elde edilen siralamalar,
Saup> Rapp » Qapgp AHS yontemi kullanilarak elde
edilen agirliklarin  VIKOR yontemine girdi
sonrasinda elde edilen siralama degerleri olmak
lizere rastgele olusturulan miisteri talepleri ve
yontemlerin siralama ¢iktilar1 6rnek olarak Cizelge
9’da verilmistir. Cizelge 9’da bulunan “Boyut”
alani alt kriterlerin alt ve ist siirlar1 gozetilerek
rastgele olusturulan degerlerin Amazon EC2 iiriin
tablosundan sorgulanmasi sonucunda bu talebe
uygun olan iiriin adedini gdstermektedir. Qp degeri
Sg ve Ry degerlerinden (Esitlik 19) ile elde edilen
uzlagik ¢oziimdir ve bu ¢dzim ydntemlerin
Onerdigi en iyi sanal sunucu alternatifi {irlin siras1

Onur KOSAR, Mehmet ATAK

olarak ele almmistir. @  degeri ile Q4yp degerleri
birbirine esit olan sonuglar, her iki ydonteminde
miigteri talebi karsisinda ilk sirada aymi iiriinii
Onerdigini gostermektedir.  Sanal sunucu iriin
seciminde amag¢ miisteri talebine en yakin triiniin
miisteriye onerilmesidir.

Secim kriterleri K; - vCpu, K, — Ram, K3 - Disk,
K, — Bant Genisligi , K5 — Fiyat olarak belirlenmis
ve {irin se¢imi Amazon EC2 iiriin listesinde
bulunan 3339 adet farkli alternatif(A) arasindan
yapilmistir. Problemin karar hiyerarsisi Sekil 2°de
verilmistir

AMAG
San Sumia Urun Secmm

Sekil 2. Karar hiyerarsisi

Cizelge 9. Yontemlerin 6nerdigi iiriin sira karsilastirmasi

vCpu | Ram Disk Bant genisligi | Fiyat Boyut Sg Ry Qg | Saus | Rams | Qaus
112 652 1020 34 31265 100 4 1 4 4 4 4
14 210 6120 50 25690 138 1 1 1 4 4 4
31 157 6631 29 37256 168 12 5 12 12 12 12
66 116 2099 49 35800 251 4 4 4 4 4 4
70 253 478 9 27181 413 154 12 154 7 7 7
37 143 1769 5 15639 941 347 347 | 347 347 38 347
3. ARASTIRMA BULGULARI benzerlikleri Sekil 3’de verilmistir. Senaryo 1’in
test sonucunda modeller maksimum %381.4,
Onerilen yontemin etkinliginin ortaya mini.ml}m %79.69, ortalama %77 aym irin
konulabilmesi  i¢in  Matlab  uygulamasinda ~ Oneriminde bulunmustur.

gelistirilen test ortaminda farkli talep sayilarinda ve
farkl tekrarlarda miisteri talepleri olusturulmus ve
yontemlerin  Onerdikleri iiriinlerin benzerlikleri
karsilastirilmistir.

[lk test senaryosunda; ardisik olarak gelen,
kesintisiz ve ylizer talep arttirilarak caligtirilan
“100, 200, 300 .. 1000 “ adetlik rastgele olusturulan
birbirinden farkli miisteri talepleri karsisinda
VIKOR + Entropi kriter agirliklandirma(Y dntem 1
- 6nerilen) ve VIKOR + AHS kriter agirliklandirma
(Yontem 2) yontemlerinin Onerdikleri {iriinlerin

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023
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Sekil 3. Senaryo 1 sonug benzerlik oranlar1 (%)
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Benzerlik sonuglarinin istikrarinin test edilmesi i¢in
100, 200, 300 ..1000 adetlik sorgular barindiran test
senaryosunda her bir sorgu grubu tekrarli sekilde 10
defa galigtirilmig ve her bir sorgu grubundan elde
edilen benzerlik oranlarinin aritmetik ortalamasi
almmustir. Test sonucunda maksimum %81.7,
minimum %75.96 ve ortalama %79.71 oraninda
ayni Uirlin 6neriminde bulunulmustur. Senaryo 1’in
10’ar tekrarli yapilmasi ile elde edilen senaryo2’de

elde edilen benzerlik sonuglari Sekil 4°de
verilmistir.
100
g 80 ..........
é" 60
o 40
(%]
o 20
0
0 500 1000 1500
Sorgu Sayisi

Sekil 4. Senaryo 2 sonug benzerlik oranlari (%)

Esit sayida ve siirekli olarak tekrar eden miisteri
taleplerindeki benzer sonu¢ 6nerim orant 100 adet
miisteri talebinin tekrarli bir sekilde 100 defa
gelmesi senaryosu iizerinden test edilmistir. Test
sonucunda maksimum %90, minimum %72,
ortalama %79,75 ayn1 sonug Onerilmistir. Senaryo
3’{in test edilmesi sonucu elde edilen benzerlik
oranlart Sekil 5’de verilmistir.

100
R 80 WeadauMwa Rk
< 60
C
o 40
(%]
o 20

0

0 50 100 150
Tekrarli Sorgu Sirasi

Sekil 5. Senaryo 3 sonug benzerlik oranlar (%)

Miisterilerden gelen yiiksek adetli taleplerin simule
edilmesi amaci ile Senaryo 4’de 1000’er adetlik
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rastgele talepler tekrarli bir sekilde 100 defa
calistirllmigtir.  Senaryo 4’tn  test edilmesi
sonrasinda yontemler minimum %78, maksimum
%84.2 ve ortalama %81.09 ayni iiriin dneriminde
bulunulmustur. Senaryo 4 test sonuglart Sekil 6’da
verilmistir.

100
R 80 skt oI O rme,
< 60
S 40
(%]
w20

0

0 50 100 150
Tekrarli Sorgu Sirasi

Sekil 6. Senaryo 4 sonug benzerlik oranlari (%)

Cizelge 10. Test sonuglar1 kargilastirmasi

Test Min Maks Es sonug
no: (%) (%) ortalamasi (%)
1 79.69 81.4 77
2 75.96 81.7 79.71
3 72 90 79.75
4 78 84.2 81.09

Yapilan dort fakli test sonucu kriter agirliklarinin
AHS kullanilarak ~ uzman goriisl ile
agirhiklandirildigi ve VIKOR ile alternatiflerin
siralandig1 yontem ile kriter agirliklarmin Entropi
yontemi ile hesaplandigi ve alternatiflerin VIKOR
yontemi ile siralandig1 yontemin Onerdigi iiriinler
arasinda ortalama %79.38 ayni iiriin Onerisinde
bulunuldugu gézlemlenmistir. Test sonuglart her bir
test i¢in minimum, maksimum ve ortalama es sonug

Onerim oranlar1 olmak {izere Cizelge 10’da
verilmigtir.
Testler siiresince Amazon EC2 iirlin veri

tabanindan toplamda 161118 adet birbirinden farkli
miisteri talebi sorgusu yapilmis ve her iki yontemin
de ayni iriinii 6nerdigi Qp ve Quyp degerlerini
birbirine esit oldugu 130852 sorgu sonucu tespit
edilmistir. Toplam 161118 adet miisteri talebinde
Yontem 1 ve Yontem 2 %81.21 oraninda es {irlin
oneriminde bulunmustur. Toplam test siirecinde her
iki yontemin olusturulan ayni miisteri talepleri
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kargisinda oOnerdikleri {irlin siralart Sekil 7°de
verilmigtir.
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Talep Sirasi
e'Yontem1 e Yontem 2
Sekil 7. Yontemlerin Onerdigi  iriin sira

kargilagtirmasi

4. SONUCLAR

Bulut bilisimin SOA hizmetinde kriter sayist ve
hizmet veren bulut servis saglayict ¢oklugu
diisiiniildiigiinde miisterilere karar destegi saglanmasi
sanal sunucu {iriin se¢im siirecini kisaltacak ve
kolaylastirtlacaktir. Cok kriterli karar verme siirecinde
kriter agirliklandirmada kriter sayist fazlalastikca
karsilastirlacak ikili kriter sayisi arttigindan karar
verici {izerinde ek yilk olusturmaktadir. Onerilen
yontem yeterli teknik bilgiye sahip olmayan yonetim
seviyesindeki karar vericilere kriter agirliklarinin
nesnel olarak hesaplandigi ve karar alma siirecini
kolaylastirldigi bir ¢dziim sunmaktadir. Caligma
siirecinde toplam yapilan 161118 farkli miisteri
talebinde 130852 adet talepte 3339 {irliniin
bulundugu Amazon EC2 sanal sunucu {irlin
listesinden ayni {iriinliin Onerildigi gorilmiistiir.
Tekrarlt test adedi ve talep sayilart farkli test
senaryolarnda her iki yontem sirastyla; %79.69,
%79.71, 9%79.75, %81.09 ve tim miisteri
taleplerinin tamaminda %81.21 ayn1 {iriinil
Onermistir. Yapilan test senaryolarindaki miisteri
taleplerinin toplaminda %81.21 oraninda ayni {iriin
Onerilmesi Onerilen yontemin karar vericiler igin
alternatif bir karar destek segenegi olarak
degerlendirilebilecegini  gostermektedir.  Bulut
bilisime go¢ karart isletmeler icin stratejik bir
karardir ve teknik bilgiye sahip orta seviye
yoneticiler ile birlikte iist seviye yonetim
kademesinin de go¢ silirecine dahil olmasi
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gerekmektedir. Bulut servis saglayici firmalar sanal
sunucu {irtinlerini miisterilerin is yiikii taleplerini 6n
gorerek siniflandirmakta ve buna gore {iriin gruplari
olusturmaktadir. Ornegin Amazon EC2 iiriin
ailesinde, genel amagli, islem Oncelikli, bellek
oncelikli, donanim hizlandiricili, veri depolama
oncelikli ve yiiksek basarimli hesaplama 6ncelikli
olarak hazir yapilandirilmis {iriin ¢esitleri ile
miigterilerine  {irlin  se¢iminde karar destegi
saglanmaktadir ancak bulut bilisime taginacak ¢ok
sayida sanal sunucusu olan ve sanal sunuculari

arasinda islem yiki Ozelinde smiflandirma
yapmamis isletmelerin  yOneticilerinin  {irlin
seciminde alabilecekleri karar destegi smirl

kalmaktadir. Onerilen yontem sayesinde sanal
sunucu envanteri hakkinda teknik bilgisi olmayan
yonetim seviyesindeki karar vericilerin bulut
bilisime go¢ senaryolarmi test edebilmelerine
imkan tanmmaktadir. Farkli servis saglayici iiriin
verisinin de gelistirilen yonteme eklenmesi ile
birlikte talep edilen kapasite icin farkli servis
saglayicilar kullanilarak alternatif servis saglayici
portfoyleri olusturulmasi, yedeklilik saglanmasi ve
boylelikle servis saglayici bagimliginin ortadan
kaldirilacagi  seceneklerin  karar  vericilere
sunulmasi1  ileri  ¢alisma  konular1  olarak
degerlendirilmektedir.
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Oz

Bu caligmada, Winkler tipi elastik zemine oturan ve kalinlik boyunca fonksiyonel derecelenmis (FD)
malzemeli kirislerin egilme davranisi lizerine bir inceleme yapilmstir. Farkli mesnet kosullarinin, malzeme
degisim katsayilarnin ve Winkler zemin katsayisinin FD kiriglerin statik davranmisi iizerine etkileri
parametrik olarak incelenmistir. Ele alinan problemin davranisimi idare eden denklemler Euler-Bernoulli
kiris teorisine (EBKT) dayanan minimum toplam potansiyel enerji ilkesinin yardimiyla ilk defa bu
calismada elde edilmistir. Elde edilen bu kanonik denklem takiminin sayisal ¢éziimiinde Tamamlayici
Fonksiyonlar Yéntemi (TFY) ile Runge-Kutta 5 (RK5) algoritmast kullanilmigtir. Onerilen yéntemin
dogrulugu ve uygulanabilirligi, literatiirde verilen mevcut c¢alismalarin degerleri ile bu ydntemin
sonuglarini karsilastirilmasiyla gosterilmistir. Malzeme degisim katsayisi, Winkler zemin katsayist ve
sinir kosullari ele alinan probleme dnemli lgiide etki etmektedir.

Anahtar Kelimeler: Statik analiz, Winkler tipi elastik zemin, Fonksiyonel derecelenmis malzeme,
Tamamlayici fonksiyonlar yontemi

Static Analysis of Functionally Graded Material Beams Resting on Winkler Type
Elastic Foundation

Abstract

In this paper, the bending response of the Functionally Graded Material (FGM) beams resting on the
Winkler foundation is examined. The effects of boundary conditions, material gradient indexes, and
Winkler spring constants on the static behavior of FGM beams are studied parametrically. The governing
equations of the considered problem are obtained with the aid of the minimum total potential energy
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principle based on the Euler-Bernoulli Beam Theory (EBT). Complementary Functions Method (CFM) and
the fifth order Runge- Kutta have been used in the numerical solution of these canonical equations. The
accuracy and applicability of the proposed method are demonstrated by comparing the method results with
those of existing literature. The material gradient index, Winkler constants, and boundary conditions have

an important influence on the problem in the hand.

Keywords: Static analysis, Winkler
Complementary functions method.

1. GIRIS

Elastik zemine oturan kiris probleminin statik ve
dinamik analizi insaat miihendisligi ve makine
miithendisligi gibi temel miihendislik alanlarinda
yaygin olarak arastirilmaktadir. Bu kapsamda
yapilan bazi giincel ¢aligmalar s6yle 6zetlenebilir;

Akoz ve Kadioglu, elastik zemine oturan egri
eksenli kiriglerin statik analizini karisik sonlu
elemanlar kullanarak arastirmiglardir [1]. Wang ve
arkadaglari, Euler-Bernoulli ve Timoshenko kiris
teorilerine dayali modellenen kirislerin egilme,
titresim ve burkulma davranigini arastirmislardir.
Farkli tiplerde elastik zeminlere oturan kirislerin
kesin ¢oziimlerini Green fonkiyonlarini kullanarak
elde etmislerdir [2]. Chen ve arkadaslari elastik
zemine oturan kiriglerin serbest titregsiminin analizi
i¢in durum uzay yontemi ve diferansiyel quadrature
yontemlerini  birlestiren karma bir ydntem
onermislerdir [3]. Ying ve arkadaslari, Winkler-
Pasternak tipi elastik zemine oturan FD kirislerin
egilme ve serbest titresimini analitik olarak
aragtirmislardir. Durum uzay metodunu kullanarak
elde ettikleri sonuclar1 literatiirdeki mevcut
sonuglarla karsilastirmiglardir [4]. Civalek ve
Demir, Winkler tipi elastik zemine oturmus
kirislerin statik, serbest titresim ve burkulma
davranigini aragtirmiglardir. Ayrik tekil
konvoliisyon ve Harmonik Diferansiyel Quadrature
yontemlerini kullanarak elastik zemine oturan iki
ucu ankastre mesnetlenmis kirigin deplasman ve
egilme degerlerini sayisal olarak elde etmislerdir
[5]. Simsek, diizgiin yayl yiiklii basit mesnetli FD
kiriglerin statik analizini aragtirmistir. Kalinlik
yoniinde fonksiyonel derecelendirilmis kirisleri
Timoshenko ve  yiiksek mertebe kayma
deformasyon teorilerine dayali modellemistir [6].
Fouad ve arkadaslari, elastik zemin {izerindeki FD
sandvi¢ kirisin sonlu elemanlar ydntemini
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type elastic

foundation, Functionally graded materials,

kullanarak analiz etmislerdir[7]. Akbas, Winkler
tipi zemin {izerine oturan kalinlik yoniinde FD
kiriglerin serbest titresim ve egilme analizini
incelemistir. Euler-Bernoulli ve Timoshenko kirig
teorisine dayali modellenen basit mesnetli kirislerin
analizinde Navier ¢6ziim yontemini kullanmistir
[8]. Akgoz ve Civalek, Winkler zemine oturan FD
mikro kiriglerin egilme analizini aragtirmislardir.
Farkli kiris teorilerine dayali modellenen ve
minimum potansiyel enerji ilkesi yardimiyla elde
edilen yonetici diferansiyel denklemler, Navier
yontemiyle ¢oziilmiistiir [9]. Yanik ve Yayli, elastik
zemine oturmus klasik ve rijit olmayan sinir
kosullarina  sahip kiriglerin eksenel titresim
analizini incelemislerdir [10]. Lohar ve arkadaslari,
elastik zemine oturan eksenel yonde FD kirisin
serbest titresim davranigini farkli zemin rijitleri igin
karsilagtirmiglardir [11]. Akgdéz ve arkadaglari,
elastik zemin tizerindeki kiriglerin statik analizi i¢in
ayrik tekil konvoliisyon yontemini kullanmiglardir
[12]. Avcar ve Mohammed, kalinlik yoéniinde FD
kiriglerin ~ serbest titresimini  incelemislerdir.
Winkler zemine oturan FDM Kkirislerin serbest
titresimini Newton-Raphson ydntemi kullanarak
elde etmislerdir [13]. Cunedioglu, eclastik ortama
oturan farkli sicaklik ve eksenel yiik altindaki
kompozit konsol kirigsin burkulma ve serbest
titresimini arastirmistir. Euler-Bernoulli teorisine
dayali modellenen kiriglerin analizini sonlu
elemanlar metodu ile gerceklestirmistir [14].
Phuong ve arkadaslari, Timoshenko kiris teorisine
dayali kalinlik yoninde FD kiriglerin egilme
davranisini  arastirmiuglardir.  Kalinlik  yoniinde
simetrik olmayan malzeme degisimine sahip
kiriglerin  analitik ¢Oziimiinii elde edebilmek
amactyla nétr yiizeyi konsepti onermislerdir [15].
Akbas, Winkler-Pasternak tipi elastik zemine
oturan Lifle gii¢lendirilmis kompozit kiriglerin
statik analizini Ritz yontemi ile arastirmigtir [16].
Chami ve arkadaglari, Winkler-Pasternak Elastik
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zemin Tlzerine oturan kompozit kirislerin egilme
analizini  analitk  modellenme  kullanarak
incelemiglerdir [17]. Chen ve arkadaslari, hareketli
yiike maruz kalan ¢ift gdzenekli FD kiris sisteminin
dinamik tepkisini incelemislerdir [18]. Zghal ve
arkadaslari, kalinlik yoniinde FD bosluklu kirislerin
statik egilme davranisint karigik sonlu elemanlar
yontemi ile arastirmustir [19]. Literatiirde ¢esitli
miihendislik mekanigi problemleri TFY kullanarak
aragtirilmistir [20-26].

Literatiir incelendiginde bir¢ok ¢alisma olmasina
ragmen, elastik zemine oturan FD kirislerin statik
davranisint TFY ile arastiran herhangi bir ¢alisma
bulunamamistir. Bu ¢alismanin temel amaci, tek
parametreli Winkler tipi elastik zemine oturan ve
kalinlik boyunca FD kirislerin egilme davranigini
idare eden diferansiyel denklemleri TFY ile ¢6zmek
icin RKS5 algoritmasindan yararlanilmistir. Bu etkin
yontem, ilk defa elastik zemine oturan ve kalinlig1

boyunca FD kirislerin  egilme davranigina
uygulanmigtr.
2. MATERYAL VE METOT

Sekil 1’de Winkler tipi elastik zemine oturan kirise
ait FD malzemenin degisim fonksiyonu Esitlik (1)
ile verilmektedir.

7 1 nz
E(z) =Ey + (E, — Ep) (—+—) M
h 2
Burada, E; ve E;, sirasiyla kiris kesitinin iist ve alt
yiizeyi i¢in elastisite modiillerini gostermektedir.
nz ise malzeme degisim katsayisini temsil
etmektedir. Bu g¢alismada, ele alinan FD kirisin
malzeme oOzellikleri kalinlik boyunca heterejon
olarak kabul edilmistir.

Winkler tipi elastik zemine oturan FD kirigin egilme
davranigim1 idare eden kanonik denklemler, ince
cubuk teorisine gore elde edilmistir. Elastik zemine
oturan FD kirigin yer degistirmeler asagidaki gibi
yazilabilir [4].

U, =u(x)+z06(x) 2)

U, =w(x) 3)
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L]

L

Sekil 1. Winkler tipi elastik zemine oturan FD basit
mesnetli kirig

Burada, w(x) diisey deplasmani, u(x) eksenel yer
degistirmeyi ve 6(x) ise donmeyi gostermektedir.
FD kiris i¢in sekil degistirmeler Esitlik (4-5)’de
oldugu gibi ifade edilmektedir [4].

dU, du  do

= = — J— 4

&= x dx+de @
ow

yxz=9+a=0 (5)

Elastik zemine oturan FD kirislere ait gerilme ve
sekil degistirme arasindaki iligkiler Esitlik (6-7)’de
verilmektedir [4].

o = E(2) & (6)

E(z)

m)’xz =0 @)

Tyz = G(2)Vyz =

Minimum toplam potansiyel enerji ifadesi Euler-
Bernoulli kirig teorisine dayali olarak Esitlik (8)’de
verilmistir.

1 L
I, = EJ .[ (gxgx + szsz)dAdx
0 YA

—J;LL(qzw)dAdx

L
—f f(qxu)dAdx
0 Ja
17k
+—f J(kwwz)dAdx
2Jy Ja

®)

Bu ¢aligma, ince kiris teorisine dayali oldugundan
¥xz =0 olarak alinacaktir.
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Esitlik (6) ve (7), Esitlik (8)’de yerine yazilirsa;

0= 1fL 4 (6u)2+2A du 06

£72 ), | \ox 2 9x ox

i (60)2
22 dx

ow

2 =

[9 ox

+ Ags |02 + 26

3
—fo L(qyw)dAdx

- LLL(qxu)dAdx

1 b
+—f fkwwszdx
2 0 JA

seklinde elde edilir. Burada k, Winkler zemin
katsayisidir. Esitlik (9)’da goriilen Ayq, 412, Ay
ve A3z kesit rijitlik sabitleridir. Bu sabitler asagida
sunulan integraller yardimi ile elde edilmektedir.

dx 9)

+=

{A11, A3, A} = J- E(z){1,z, z*}dz
h

NS

+h/2 : (10)
Agy = ky b f @),
3375 20+
~i/2
Gerekli biiyiikliklerin tiirevleri ve impulsif

bilesenleri elde edilerek, Winkler tipi elastik zemine
oturan FD ince ¢ubuklarin egilme davranigini idare
eden 6 adet adi kanonik diferansiyel denklemler bu
calismada elde edilmis ve Esitlik (11-16)’ta
verilmigtir.

;L du _ Aley - Azsz

U =—=
dx  A;p® —ApAy (11
. dw
w=gx =0 (12)
,_do AN, —AuM,
O = T A a4 (13)
12 114122
958

N'=—=-0 (14)
,_dQ,

QG="_"="athkw (15)
' dMy

M, = i Q; (16)

Bu denklemlerde N, Q, ve M, sirastyla eksenel
kuvvet, kesme kuvveti ve egilme momentini
gostermektedir. Elde edilen (11-16) esitlikleri
matris formunda yazilabilir.

d{¥(x)}

= a7

= [A@ P} + {$(x)}

Burada x, bagimsiz degiskeni temsil etmektedir.
Esitlik (17)’de verilen iki noktali sinir deger
problemi TFY ile ¢oziilmektedir. iki noktalr smir
deger problemi, TFY yardimiyla baglangic deger
problemine indirgenebilmektedir. Esitlik (17) i¢in
genel ¢Oziim ise,

6
(PG} = ) Cn [UME0] + (V) (18)
m=1

olarak elde edilmektedir. Burada {V(x)}
diferansiyel denklemin 6zel ¢oziimiinii ve [U™(x)]
ise olayr idare eden diferansiyel denklemin
homojen ¢oziimiinii  gdstermektedir. [U™)(x)]
terimini elde etmek igin m’inci bilesenine 1,
digerlerine sifir degeri verilmektedir. Ozel
¢Oziimiiniin elde edilebilmesi i¢in baslangic sartlari
sifir alinmaktadir. Integrasyon sabitleri (C,,), kirigin
sinir  sartlarindan elde edilir. Problemin smir
sartlari, [23]’de detayl bir sekilde verilmektedir.

3. SAYISAL UYGULAMALAR

Bu arastirmada, tek parametreli Winkler tipi elastik
zemine oturan, kalinlik boyunca FD malzemeli
kiriglerin egilme davranisi incelenmistir. Farkli
Winkler zemin katsayilarinin, mesnet kosullarinin
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ve malzeme degisim katsayilariin egilme davranist
iizerindeki etkileri parametrik olarak incelenmistir.
Uygulamalarda kullanilan malzemelere ait mekanik
ozellikler Cizelge 1’de sunulmustur. Elde edilen
sonuclar Cizelge ve grafik formunda sunularak
degerlendirilmistir.

Cizelge 1. Malzemelerin mekanik dzellikleri

E
Malzeme (Gpa) v

Kirisin en ist liflerinde kullanilan

o . 70 0.3
malzeme Ozellikleri
Kirigin en"alt 11.ﬂer1.nde kullanilan 380 | 0.3
malzeme Ozellikleri

Winkler zemin katsayisinin

boyutsuzlastirilmasinda Esitlik (19) kullanilmistir
[27].

kyL*

5T (19)

Bu denklemde k, boyutsuz Winkler zemin
katsayisini, k,, zemin tiiriine bagli Winkler zemin
katsayisini, E kirigin en iist liflerinde kullanilan
malzemenin elastisite modiliinii, I ise kesitin atalet
momentini gostermektedir. k,, = 0 alindiginda
elastik zemin etkisi ihmal edilmektedir.

Elde edilen ¢okme degerlerinin
boyutsuzlastirilmast ise Esitlik (20) yardimiyla
yapilmigtir.

wEI

W=

(20)

Bu esitlikte w ¢okme degerini ve q diizgiin yayil
yiikiin siddetini gostermekte olup g =100 N/m
almmustir.

Bu ¢alismada k, icin 0, 10 ve 100 degerleri
kullanilmustir. Tiim 6rneklerde kullanilan malzeme
ozellikleri Cizelge 1’de sunulmustur.

Ele alinan tim FD kirislerde & = 0.1 m olarak
almmustir.

Oncelikle onerilen yontem mevcut literatiir ile

kargilagtirilarak dogrulugu gosterilmistir. Bu amag
ile ankastre-ankastre (A-A) ve serbest-serbest (S-S)
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mesnetli kirisler i¢in maksimum ¢6kme degerleri

elde  edilerek  Cizelge 2’de [27] ile

karsilastirilmistir.

Cizelge 2. Boyutsuz diisey deplasmanlarin
(wx1072) literatiir ile karsilagtirilmasi
kw Doeva [27] Bu caligma

0 0.2604 0.2604

A-A 10 0.2553 0.2552
100 0.2165 0.2165

0 1.3028 1.3020

S-S 10 1.1804 1.1803
100 0.6400 0.6401

Cizelge 2’den de goriildiigi gibi, karsilastirilan tim
durumlar i¢in TFY sonuglart mevcut literatiir
sonuglar ile uyumludur.

Diisey deplasman degerleri bir¢ok farkli durum igin
elde edilerek parametrik calismalar yapilmustir.
Malzeme degigsim katsayisinin ve Winkler zemin
katsayisinin kirig davranigt iizerindeki etkisinin
daha iyi yorumlanabilmesi i¢in hesaplanan sonuglar
hem liste (Cizelge 3) hem de Sekil 2-12’de grafik
formunda sunulmustur.

Cizelge 3. A-A ve S-S sinir kosullari i¢in boyutsuz
diisey deplasman (wx10~2) degerleri

nz kw A-A S-S
0 0.2604 |1.3020
Aliiminyum (0) 10 | 0.2552 |1.1803
100 | 0.2165 | 0.6400
0 0.1653 | 0.8711
0.5 10 | 0.1632 | 0.8149
100 | 0.1465 | 0.5150
0 0.1463 | 0.7769
1 10 | 0.1447 | 0.7318
100 | 0.1314 | 0.4806
0 0.1311 0.6875
2 10 | 0.1298 | 0.6520
100 | 0.119 0.4448
0 0.1148 | 0.5852
5 10 | 0.1138 | 0.5593
100 | 0.1054 | 0.3997
0 0.0911 0.4557
Zirkonya (seramik) | 10 | 0.0905 | 0.4398
100 | 0.0851 0.3348
959
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0.0E+00
-1OE-07 1
-2.0E-07
=3,0E-07
-4 0E-07
-5.0E-07

=6.0E-07

Diisey Deplasman (m)

-TOE-07 1

-8.0E-07
0.00

0.35

0.05

0.15 0.20
Uzunluk (m)

0.10 025 030 0.40

Sekil 2. Degisim katsayis1t nz=0 ve A-A mesnetli
kiris i¢in elde edilen ¢6kme degerleri
(L/h=16)

0.0E+00
-5.0E-08 1
-1.0E-07 1
-15E-07 1
-2.0E-07 1
-1 5E-D7 1
-3.0E-07 A

Ditsey Deplasman (m)

-35E-07 A
~4.0E-07 1

-4 SE-07
0.00

0.35

0.08 0.10 0.15 0.20 0.25
Uzunhuk (m)

0.30 0.40

Sekil 3. Degisim katsayisi nz=1 ve A-A mesnetli
kiris i¢in elde edilen ¢6kme degerleri
(L/h=16)

0.0E+00
-5 0E-08 4
-1.0E-07 A
-1.5E-07 4
-20E-07 A
-1.5E407 4

-3.0E-07 A

Diisey Deplasman (m)

-3.5E-07 4

-, -
T’

-4 0E07

020 025 030 035 040

Uzunluk (m)

010 015

Sekil 4. Degisim katsayis1t nz=2 ve A-A mesnetli
kiris i¢in elde edilen ¢6kme degerleri
(L/h=16)
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0.0E+00
-5.0E-08 1
-1.0E-07 o
-1.5E-07 4
-2.0E-07 4
-25E-07 4
-3.0E-07 4
-3 5E07
-4 0E-07
-4 5E-07 4

Ditsey Deplasman (m)

werssaens W =0 ----kw=10

— kw =100

', -
“Rann®

-5.0E-07

0.00

0.30 0.35

0.05

015 020

Uzunluk (m)

0.10 028 0.40

Sekil 5. Degisim katsayis1 nz=0.5 ve A-A mesnetli
kiris i¢in elde edilen ¢6kme degerleri

(L/h=16)

0.0E+00

SOE08 4 N, e v =0 —---kw=10
- w =100
£ 10807 4
= i

\ /

2 .1s5p07 W /4
" ) it
2 R ’
B 20847 1 B\ /'
a Ay ff
= = ) ’
g 25847 kY £
= 5 rd
a] At g

-3.0E-07 4 'y, o

e’
35E07 . : .
000 005 010 015 020 025 030 035 040
Uzunluk (m)

Sekil 6. Degisim katsayis1t nz=5 ve A-A mesnetli
kiris i¢in elde edilen c¢cokme degerleri
(L/h=16)

0.0E+00

-5 0E-08

-1.0E-07

-1 SE07

-2.0E-07

Diisey Deplasman (m)

-15E07

-3.0E-07
0.00

0.10 0.20 0.25 030 035 0.40

Uzunluk (m)

0.05 0.15

Sekil 7. Degisim katsayist nz=10 ve A-A mesnetli
kiris i¢in elde edilen ¢6kme degerleri
(L/h=16)
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0.0E+00
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m
&
=
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&
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Diisey Deplasman (m)

-1 AE-0§ 1

-1 6E-08 - : . ; v v y
000 005 000 015 020 025 030 035 040
Uzunluk (m)

Sekil 8. Degisim katsayist nz=1 ve A-S mesnetli
kiris icin elde edilen ¢okme degerleri
(L/h=4)

0.0E+00

-2.0E-09 4

-4 0E-09 4

-6.0E-09 1

Jeplasman (m)

-8.0E-09 A

Diisey [
m
=

-1.2E-08% 1

-14E-08 T T T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40

Uzunluk (m)

T

Sekil 9. Degisim katsayist nz=2 ve A-S mesnetli
kiris i¢cin elde edilen ¢okme degerleri
(L/h=4)

0.0E+)0
-20E-09 4
=4 0E-09
=5.0E-09 4
-8.0E-09 4

-1.0E-08 A

Dilsey Deplasman (m)

=1.2E-08 4

-1 4E-08 4

-1.6E-08 T T u T T T T
0.00 0.08 0.10 0.15 0.20 0.25 0.30 0.35 0.40
Uzunluk (m)

Sekil 10. Degisim katsayist nz=0.5 ve A-S
mesnetli kirig i¢in elde edilen ¢okme

degerleri (L/h=4)

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023

0.0E+00

-10E-09

-4.0E-09

-6.0E-09

Deplasman (mj)

-8.0E-09 1

Diisey

-1.0E-08

-1 JE-08 T T T T T T T
0.00 0.05 0.10 0.15 0.20 0.28 0.30 035 0.40
Uzunluk (m)
Sekil 11. Degisim katsayist nz=5 ve A-S mesnetli
kirig i¢in elde edilen ¢okme degerleri
(L/h=4)

Cizelge 3°ten ve Sekil 2-12°den de goriildigii gibi,
tiim mesnet kosullari i¢in kw degeri arttik¢a diisey
deplasmanlar azalmaktadir. Karsilagtirilan
durumlar arasinda kw=0 ve kw=10 i¢in elde edilen
¢okme degerlerinin yakin oldugu goriilmiistiir.
Ayrica, malzeme degisim katsayisi nz biytidiikge
Winkler tipi elastik zemin i¢in kullanilan zemin
katsayisinin diisey deplasmanlar iizerindeki etkisi
azalmaktadir.

0,0E+00

DE-09 4

.,_
=
L
&
3

-6.0E-09 4

Diisey Deplasman (m)

-8.0E-09 4

-1 0E-08 : . . :
000 005 010 015 020 025 030 035 040
Uzunluk (m)

Sekil 12. Degisim katsayis1 nz=10 ve A-S mesnetli

kiris icin elde edilen ¢okme degerleri
(L/h=4)

Calismanin  bu asamasinda Winkler zemin
katsayisinin FD Kkirislerinde olusan kesme kuvveti
tizerindeki etkisini arastrmak igin parametrik
calismalar yapilmig ve sonuglar Sekil 13-16’da
¢izilmistir.
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Sekil 13-16 incelendiginde, Winkler zemin
katsayis1 kw azaldik¢a kesme kuvveti degerlerinin
artt1ig1 gorilmektedir. Diisey deplasman
degerlerinde oldugu gibi kw=0 ve kw=10 igin elde
edilen sonuglar yakindir. Winkler tipi elastik
zemine ait katsayisinin konsol kiriglerin kesme
kuvvetine etkisi diger mesnet kosullarina gore daha
belirgindir.

25E+01

20E+01 .
1L.5E+01 4
1L.OE+01 4
SOE+00 4
0.0E+00 4
=3 0E+00 1
-10E+01 4
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-10E+01 A ™3
-25E+01

0.00 0.08 0.10 0.15 0.20 0.25 0.30 0.35 0.40
Uzunluk (m)

Sekil 13. Degisim katsayisi nz=5 ve A-A mesnetli
kiris i¢in elde edilen kesme kuvveti
(L/h=16)
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Sekil 14. Degisim katsayis1 nz=5 ve konsol kiris
i¢in elde edilen kesme kuvveti (L/h=16)
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Sekil 15. Degisim katsayist nz=5 ve A-S mesnetli
kiris i¢in elde edilen kesme kuvveti
(L/h=16)
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Sekil 16. Degisim katsayist nz=5 ve S-S mesnetli

kiris i¢in elde edilen kesme kuvveti
(L/h=16)

Kesme kuvveti degerleri karsilastirildiktan sonra
Winkler zemin katsayisinin egilme momenti
iizerindeki etkileri incelenmis ve sonuglar Sekil 17-
20’de verilmistir.
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Sekil 17. Degisim katsayis1 nz=2 ve A-A mesnetli
kiris i¢in elde edilen egilme momenti
(L/h=16)
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Sekil 18. Degisim katsayisi nz=2 ve konsol kiris
icin elde edilen egilme momenti
(L/h=16)
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Sekil 19. Degisim katsayisi nz=2 ve A-S mesnetli
kiris i¢in elde edilen egilme momenti
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Sekil 20. Degisim katsayisi nz=2 ve S-S mesnetli
kiris i¢in elde edilen egilme momenti
(L/h=16)
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Sekil 21.kw =100 ve A-A sinir kosulu igin elde
edilen ¢okme degerleri (L/h=16)

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023

-2.0E-06 1

£ 7.0E-06 1

g

7

=

2. -1.2E05

o

a)

> et %

:}i =] i

= -17E05 1 5

A e \

-2 2E-05 . - . : ; . .
000 005 010 015 020 025 030 035 040

Uzunuk (m)

Sekil 22. kw=10 zemin katsayisi i¢in ve A-S sinir
kosulu i¢in elde edilen ¢okme degerleri
(L/h=16)

Sekil 17-20°den de gorildigi gibi, kw degeri
kiigiildiikce egilme momentleri biiylimektedir.
Mesnet kosullar1 agisindan bakildiginda; Winkler
zemin katsayisinin en ¢ok etkiledigi durum A-S
(konsol kiris durumu) en az etkiledigi mesnet
kosulu ise A-A durumudur. Momenti sifir oldugu
ve momentin maksimum oldugu noktalarin
konumlarma Winkler zemin katsayisinin etki
etmedigi gorillmiistiir.

Son olarak, malzeme degisim katsayisinin Winkler
tipi elastik zemine oturan FD kirislerin egilme
davranisina etkisi arastirilmigtir. Bu amag ile
kw=100 alinarak A-A mesnetli ve konsol
kiriglerinin farkli malzeme degisim degerleri igin
¢okme degerleri elde edilerek Sekil 21-22°de
cizilmigtir. Sekil 21-22’ye bakildiginda, nz
degerlerinin artmasiyla ¢kme degerlerinin azaldig1
goriilmektedir. Bu beklenen bir durumdur. Ciinkii
kullanilan FD malzeme fonksiyonunda malzeme
degisim Kkatsayinin artmasi egilme rijitligini
artirmaktadir.

4. SONUCLAR

Bu arastirmada, tek parametreli Winkler tipi elastik
zemine oturan ve kalinlik boyunca FD malzemeli
kiriglerin egilme davranigi aragtirilmistir. Minimum
toplam potansiyel enerji ilkesi yardimiyla elde
edilen kanonik denklemlerin sayisal ¢oziimiinde
TFY kullanilmistir. Calismada Winkler zemin
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katsayilarinin, malzeme degisim katsayilarinin ve
mesnet kosullarinin FD Kkirislerin statik davranigina
etkileri incelenmistir.

Tiim mesnet kosullari i¢in kw degeri arttik¢a diisey
deplasmanlarin azaldig1 gorilmistir. Malzeme
degisim katsayisinin artmasiyla Winkler zemin
katsayisinin ~ diisey  deplasmanlar  {izerindeki
etkisinin azaldig1 anlagilmaktadir. Ayrica momentin
sifir oldugu ve momentin maksimum oldugu
noktalarda kirisin Winkler zemin katsayisindan
etkilenmedigi goriilmiistiir. Diger yandan Winkler
zemin katsayisinin en ¢ok A-S, en az ise iki ucu
ankastre mesnetlenmis (A-A) siir kosulu i¢in kirigi
etkiledigi goriilmiistiir.

Son olarak bu ¢alismada 6nerilen metodun Winkler
tipi elastik zemine oturan FD Kkirislerin statik analizi
icin oldukga etkin ve kolayca uygulanabilir oldugu
gosterilmistir.
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Oz

Son zamanlarda tedarikg¢i se¢imi isletmelerin basarisi igin biiyiik rol oynamaktadir. Maliyetin disiiriilmesi,
miisteri memnuniyetinin arttirtlmasi ve rekabette avantajli hale gelinmesi i¢in dogru tedarikgi se¢imi biiylik
Oonem arz etmektedir. Tedarik¢i secerken kriterlerin g¢esitli olmasi degerlendirme siirecini etkilemekte ve
karar vermeyi zorlastirmaktadir. Se¢im problemlerinde ¢ok kriterli karar verme ydntemlerinin kullanimi
belirtilen olumsuzluklar1 azaltmak i¢in giiniimiizde siklikla kullanilmaktadir. Bu g¢alismada, ¢ok kriterli
karar verme yoOntemlerinden AHP (Analytical Hierarchy Process) ve TOPSIS (Technique for Order
Preference by Similarty to Ideal Solution) entegre bir sekilde kullanilarak deterjan imalati yapan bir
fabrikaya sivi dolum makinesi alimi icin en iyi tedarikcinin segimi amaglanmustir. ilk olarak literatiir
taramasi yapilmis, daha sonra se¢im igin dnemli kriterler ortaya konmustur. Kriterler belirlendikten sonra
AHP yontemi ile kriterlerin 6ncelikleri belirlenmis ve ardindan TOPSIS yontemi ile tedarikgilerin 6nem
sirast belirlenmistir. Degerlendirme sonucunda B firmasinin makine alimi i¢in en iyi alternatif tedarikgi
oldugu saptanmustir.

Anahtar Kelimeler: Cok kriterli karar verme, AHP, TOPSIS, Tedarikgi se¢imi
Supplier Selection Based on AHP and TOPSIS Method for Filling Line Machines

Abstract

Recently, supplier selection has become important for the success of businesses. Choosing the right supplier
is of great importance in order to reduce costs, increase customer satisfaction and gain competitive
advantage. The variety of criteria when choosing a supplier affects the evaluation process and makes it
difficult to make a decision. The use of multi-criteria decision-making methods in selection problems is
frequently used today to reduce the mentioned disadvantages. In this study, it is aimed to choose the best
supplier for the purchase of liquid filling machine for a detergent manufacturing factory by using AHP
(Analytical Hierarchy Process) and TOPSIS (Technique for Order Preference by Similarty to Ideal
Solution), which are multi-criteria decision making methods, in an integrated manner. First, a literature
review was made, and then important criteria for selection were determined. After the criteria were
determined, the priorities of the criteria were determined with the AHP method, and then the priority order
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of the suppliers was determined with the TOPSIS method. As a result of the evaluation, it has been
determined that company B is the best alternative supplier for machinery purchase.

Keywords: Multiple criteria decision making, AHP, TOPSIS, Supplier selection

1. GIRIS

Tedarik¢i se¢imi, tedarik edilecek hammadde,
mamul veya yart mamuliin hangi tedarik¢iden
alinmas: gerektigine karar verilmesi siirecidir. Bu
strecte dogru satin alma kararmin verilmesiyle
maliyetin diisiirilmesi, miisteri memnuniyetinin
arttirtlmasi ve rekabette avantajli duruma gelinmesi
hedeflenmektedir. Son déonemlerde tedarik edilecek
firmanin se¢iminde birgok kriterin yer almasi ve
firmalara gore bu kriterlerin 6nem derecesinin
farklilasmasi karar mekanizmasini karmasik hale
getirmekte ve zorlastirmaktadir. Bu nedenle segim
problemi ¢ok kriterli karar verme problemi
(CKKYV) olarak ele alinmaktadir.

Cok kriterli karar verme problemlerinin ¢éziimiinde
birgok  yontem  kullanilmaktadir.  Alternatif
tedarikgilerin degerlendirilmesi ve en uygun
tedarik¢inin secilmesinde ¢ok kriterli yontemlerin
kullanilmastyla igletmede yer alan kaynaklar daha
verimli sekilde kullanilmakta ve yoneticiler daha
kolay karar verebilmektedir [1]. Bu yoOntemler
arasinda AHP, ANP, Veri Zarflama Analizi,
SMART, TOPSIS, ELECTRE, MOORA gibi
yontemler yaygin olarak kullanilmaktadir [2].
Ozellikle AHP ve TOPSIS yontemleri daha hizli
sonug elde etmek amaciyla hem 6znel hem nesnel
Olgiitlerin bir arada degerlendirilmesine olanak
saglamaktadir.

Yapilan bu ¢aligmada Oncelikle literatiirde yer alan
tedarikei se¢iminde CKKYV yontemlerinden AHP ve
TOPSIS yontemlerini beraber kullanan ¢aligmalar
incelenmistir.

Bagheri ve Tarokh, ¢alismalarinda 2010 yilinda
tedarik¢i segciminde hangi kriterlerin  6nemli
oldugunu belirlemis, bu kriterleri kullanarak 6rnek
uygulama ile tedarik¢i se¢imi yapmislardir. AHP ve
bulanik TOPSIS kullanarak toplam maliyet
fonksiyonu, kalite  fonksiyonu ve  servis
fonksiyonunu ana kriterler olarak belirlemisler ve
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tekstil sektoriinde oOnerdikleri uygulamada 4
alternatiften 1. Alternatifi tedarik¢i olarak
belirlemislerdir [3].

Supciller ve Capraz’in 2011 yilinda yaptiklar
calismada oluklu mukavva kutu iiretimi yapan bir
firma i¢in tedarik¢i se¢ciminde AHP ve TOPSIS
yontemlerini  kullanmuslardir. Ik olarak AHP
yontemi ile ana kriterlerin 6nem dereceleri
belirlenmis daha sonra TOPSIS yontemi
kullanilarak  igletmenin  mevcut tedarikgileri
arasindan se¢im yapilmistir [2].

Zeydan ve arkadaslarmin 2011 yilinda yaptiklar
calismada Tiirkiye’ nin en biiyiik araba iireticisi i¢in
tedarik¢i seciminde bulanik AHP ve bulanik
TOPSIS yontemlerini birlikte kullanmsglardir. Tlk
olarak nitel performansin degerlendirilmesinde
bulanik AHP yontemi kullanilmig ardindan bulanik
TOPSIS yontemi ile de tedarikgi siralamasi
yapilmistir. Yapilan caligmada nitel degiskenler
veri zarflama analizi ile nicel degiskenlere
doniistiiriilmiistiir [4]. Yine 2012 yilinda Tayyar’in
yaptigi calismada gida sektoriindeki pet sise iiretimi
yapan bir firma i¢in tedarik¢i se¢ciminde bulanik
AHP ve bulanikk TOPSIS yontemlerinden
yararlanilmistir. Bulanik AHP ydntemi kriterlerin
onem derecelerinin  belirlenmesinde, bulanik
TOPSIS yontemi ise tedarik¢ilerin siralanmasi igin
kullanilmustir [5].

2013 yilinda Onder ve Dag’m yaptig1 ¢alismada,
elektrolitik bakir katot tedarikinde AHP ve TOPSIS
yontemlerini kullanmiglar ve 4 alternatif arasindan
en iyisini belirlemiglerdir [6].

Arikan ve Gokbek’ in 2014 yilinda yaptiklari
caligmada, bir elektronik firmanin tedarikgi
seciminde kriter agirliklart AHP yontemi ile
belirlenmis, alternatiflerin siralamasi ise TOPSIS
yontemi ile yapilmistir. Yine Gokbek’ in ayni yilda
yaptigi c¢alismada TOPSIS ve ELECTRE
yontemlerinden  tedarikgilerin  siralanmasinda
yararlanilmigtir. Caligmada 21 kriter belirlenerek 4
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alternatif firma arasindan bu kriterler dikkate
almarak se¢im yapilmstir [7].

2014 yilinda Junior ve arkadaslarinin yaptig1 diger
bir ¢calismada otomotiv sektoriinde tedarik¢i segimi
icin bulantk AHP ve bulanik TOPSIS yontemleri
entegre bir sekilde kullanilmigtir.  Yapilan
calismada motosiklet {ireten bir iiretici firmasinda
sanziman kablosu tedariki i¢in bes kriter dikkate
alarak bes adet alternatif firma arasindan segim
yapilmistir  [8]. Aymi yilda Kogak’m yaptigi
calismada Tiirkiye’de Kayseri’de organize sanayi
bolgesinde yer alan bir mobilya fabrikasi i¢in orman
endiistrisi iriinleri tedarikinde 6 adet kriter
belirlenmis ve 5 adet tedarik¢i firmanin segim
siralamasinda ANP, AHP, ELECTRE, TOPSIS ve
SAW yontemleri kullanilmistir [9].

Giindiiz ve Giiler’in 2015 yilinda yaptig1 ¢alismada,
bir termal turizm isletmesinde {iriin tedarikinde 7
adet kriter belirlenerek AHP yontemi ile 6nem
dereceleri saptanmig daha sonra 7 adet alternatif
tedarik¢i arasindan seg¢im yapmak igin TOPSIS
yontemi kullanilmigtir [10]. Yine ayn1 yilda Sahin
ve Supgiller’ in yaptiklari caligmada, AHP, TOPSIS
ve K-ortalamalar yontemi kullanarak 20 adet
tedarik¢i firmast igin kiimeleme yapan bir karar
destek sistemi 6nermislerdir [11].

2016 yilinda Geyik ve arkadaglarmin yaptiklari
calismada, ders kitab1 basimevi se¢imi i¢in AHP ve
TOPSIS yontemlerini kullanarak se¢im yapilmistir.
Caligmada dort adet secim kriteri belirlenerek alti
adet alternatif basimevi icin TOPSIS yontemi
kullanarak se¢im yapilmistir [12]. Yine ayni yil
Celik ve arkadaslarinin yaptiklar1 g¢aligsmada,
otomotiv sektoriindeki 3 alternatif firma igin
tedarik¢i se¢imi uygulamasi yapilmig, se¢im
kriterlerinin agirliklandirilmasi i¢in bulanik AHP
yontemi 3 adet alternatif tedarik firmasi arasindan,
secim i¢in ise TOPSIS yontemi kullanilmistir [13].

Giinay ve Unal’m 2016 yilinda yaptig1 baska bir
calismada ise, bir telekomiinikasyon sirketinde
tedarik¢i secimi icin AHP ve TOPSIS yontemleri
birlikte kullanilmistir. Oncelikle AHP yéntemi ile 7
kriter i¢in 6nem sirast belirlenmis daha sonra bu
kriterler dikkate alinarak 4 uluslararasi tedarikg¢i
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arasindan TOPSIS yontemi ile se¢im yapilmistir
[14]. Yine ayn1 yilda Giines ve Cavdar’in yaptiklari
calismada kisiye 6zel liiks giysi lireten bir firma igin
tedarikei secimi yapilmistir. Yontem olarak 7 adet
kriterin derecelendirilmesinde AHP yontemi, 7 adet
tedarik¢inin  siralanmasinda TOPSIS  yontemi
kullanilmustir [15].

Yerlikaya ve Arikan’mm 2017 yilinda yaptiklart
calismada, kimya enddistrisindeki bir firmanin test
kiti tedarikgi se¢imi icin AHP ve CRITIC yontemi
ile kriterlerin 6nem derecesi belirlenmis, daha sonra
TOPSIS yontemi ile 4 adet test kiti iireten firma
arasindan se¢im yapilmistir [16].

2018 yilinda Aydin ve Eren’in yaptiklari ¢aligmada
ise 0Ozel alagimlt ¢elik bir parcanin tedarik
edilmesinde 10 adet alternatif tedarik firmasi
arasindan TOPSIS yontemi ile se¢cim yapilmustir.
Oncesinde AHP yontemi kullanilarak 6 adet kriter
6nem derecelerine gore siralanmustir [17].

Alakas ve arkadaglarinin 2019 yilinda yaptiklari
calismada oOncelikle AHP yontemi ile 4 adet

ambulans tedarikgisi se¢im kriterleri
agirhiklandirilmis, daha sonra 4 adet ambulans
tedarik¢isi arasindan TOPSIS ve VIKOR

yontemlerine gore se¢im yapilmistir [18].

2021 yihinda Oztiitk ve Tekin’in yaptiklari
caligmada ise, gida sektoriinde tedarik¢i se¢imi igin
AHP ve TOPSIS yontemleri birlikte kullanilmistir.
4 adet kriterin Snem sirast AHP yontemi ile
belirlendikten sonra 5 adet tedarik¢i firmasi
arasindan TOPSIS yontemi ile secim yapilmistir
[19].

Literatiir taramas1 sonucunda deterjan imalat1 yapan
bir fabrikada kullanilmak iizere sivi dolum
makinesi alimi igin tedarik¢i se¢iminde maliyet,
kalite, teknoloji, tedarik siiresi ve ddeme yontemi
degerlendirme i¢in belirlenmis ve tanimlanmistir.

Daha sonra AHP yontemi bu kriterlerin 6nem
derecelerinin belirlenmesinde, TOPSIS yontemi ise
3 adet alternatif tedarik¢i firmanin onem sirasini
belirlemek i¢in kullanilmig ve fabrika i¢in en uygun
tedarikei secimi gerceklestirilmistir.
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2. MATERYAL VE METOT

Giliniimiizde artan rekabet ortaminda igletmelerin
satin alma maliyetlerini azaltmak ve miisteri
memnuniyetini  arttirmak  amaciyla  dogru
tedarik¢iyi belirlemeleri biiyiik 6nem kazanmustir.
Tedarik¢i  se¢iminde her isletmenin farkli
ihtiyaclarindan kaynakli olarak se¢cim problemi
daha karmagik bir hale gelmis ve karar vericiler
tarafindan ele alinan kriterlerin sayisinin artmasi bu

problemi daha da zorlagtirmistir. Bu CKKV
problemlerinin  ¢6ziimii i¢in bircok ydntem
kullanilmaktadir. Ozellikle AHP ve TOPSIS

yontemleri karar vericiler i¢in kolay anlasilabilir ve
uygulanabilir olmasi nedeniyle daha ¢ok tercih
edilmektedir. Literatiir ¢alismalart incelendiginde
tedarik¢i se¢im problemlerinde de yaygin olarak bu
yontemlerin kullanildig1 goriilmektedir.

Yapilan bu calismada deterjan imalatt yapan bir
fabrikaya sivi dolum makinesi alimi i¢in dogru
tedarik¢ciyi secmek amaciyla AHP yontemi ile
TOPSIS yontemi entegre bir sekilde uygulanmistir.
Oncelikle AHP yontemi ile tedarik¢i segim
kriterleri agirliklandirilmis daha sonra TOPSIS
yontemi ile bu kriterler g6z 6niinde bulundurularak

alternatif tedarikgiler arasindan

gerceklestirilmistir.

se¢im

2.1. Analitik Hiyerarsi Siireci

Analitik Hiyerarsi Siireci (AHP), 1977 yilinda
Thomas L. Saaty tarafindan gelistirilmis ¢ok kriterli
karar verme teknigidir [20].

AHP teknigi, karar problemlerinin ¢dziimiinde
matematiksel ve mantiksal ifadelerden
yararlanilmas: yoniinden analitik, kriterleri ve
alternatifleri amaca uygun olarak degerlendirmesi
acisindan hiyerarsik yapiya sahip bir tekniktir.

Hiyerarsik yap1 olusturulurken amaca uygun karar
verme ic¢in alternatifler ile bu alternatiflerin
degerlendirilmesi igin dikkate alinacak kriterler
ortaya konmaktadir. En iistte amag belirtilirken orta
kisimda kriterler en alt seviyede ise alternatifler yer
almaktadir [21]. Bu kriterlerin hem karar verme
problemini en iyi yansitacak hem de dikkate
almmast gereken tim Ogeleri igerecek sekilde
belirlenmesi en Onemli hususlardan biridir.
Sekil 1’de AHP tekniginin hiyerarsik yapisi
gosterilmektedir.

| Amacg |

Kiriter 2

Kiriter 1

Kriter 3 ese Kriter n

Alternatif 1

Alternatif 2

Alternatif n

Sekil 1. AHP hiyerarsik yap1

AHP tekniginde hiyerarsik yap1 belirlendikten
sonra tim kriterler analitik olarak
degerlendirilmektedir. Alternatiflerin
degerlendirilmesi i¢in ikili karsilastirma matrisleri
olusturulmaktadir. Bu matrislerde yer alan veriler
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karar verme problemi i¢in goriis bildirecek uzman
kisiler yardimiyla elde edilmektedir [22]. Daha
sonra degerlendirilecek olan nicel ve nitel kriterler
say1sal olarak oSlgiitlendirilip degerlendirilmekte ve
amaca uygun en iyi alternatif se¢imi yapilmaktadir.
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Ozetle AHP teknigi Sekil 2’deki asamalardan

Olcay KALAN

Cizelge 1.1kili karsilastirmada kullanilan puan

olugmaktadir [22]: skalas1
Kriter 6nem Tanim

| Problemin Taninlanmasi ve Amacin Belirlenmesi | derecesi . .
7 1 Esit derecede 6nemli

| Kriterlerin Belirlenmesi | 3 Orta derecede 6nemli
\I{ 5 Kuvvetli derece 6nemli

| Karar Alternatiflerinin Belirlenmesi | 7 Cok kuvvetli derece Onemli
v 9 Mutlak derecede dnemli

| Hiyerarsik Yapmm Olusturulmasi | 2-4-6-8 Ortalama (ara) degerler

flili Kargilagtrma Matrislerinin Olugturulmas: Ikili Karsilastirma matrisleri A matrisi olarak

v isimlendirilmekte ve uzman gorisleri yardimiyla

| Tutarlilik Oranlarmm (CR) Hesaplanmast |

R —

Oncelik Degerlerinin Hesaplanmasi

v

Global Onceliklerin Belirlenip Alternatif Skorlarm

Hesaplanmasi
Sekil 2. AHP asamalari
Problemin Tanimlanmast ve Amacin

Belirlenmesi; ilk olarak karar verme problemine ait
amacin ne oldugu ifade edilmektedir.

Kriterlerin Belirlenmesi; daha sonra bu amaca
yonelik tim degerlendirme kriterleri
belirlenmektedir.

Karar Alternatiflerinin Belirlenmesi; probleme ait
tim kriterler belirlendikten sonra bu kriterler ile
degerlendirilecek  olan  alternatifler  ortaya
konmaktadir. Bdylece probleme ait hiyerarsik yap1
olusturulmaktadir.

Ikili Karsilastrma Matrislerinin Olusturulmasi;
probleme ait tiim kriterlerin birbirlerine gére 6nem
dereceleri ve bunun igin sayisal olarak bir
olceklendirme gereklidir. Ikili karsilastirmalarin
yapilmasinda Cizelge 1°deki Saaty tarafindan 1977
yilinda olusturulan puan skalasi kullanilmaktadir
[20].

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023

puan skalasindaki Onem derecelerine gore
olusturulmaktadir. Bu matrislerde her bir matris
elemant ajj olarak isimlendirilmekte ve bu degerler
i. karar alternatifi veya kriterinin j. karar alternatif
veya kriterine gore belirlenen dnem degeridir. Bu
matrisler Esitlik 1°de gosterilmistir.

all a12 e aln
a21 azz s azn
A=a;= : (1

Ap1 Ang - App

A matrisi kdsegen elemanlart 1 olan ve karsilikli

kiyaslamalar dogrultusunda a;; = ai olan bir kare
ij

matristir. Ornegin eger A alternatifi veya kriterinin
B alternatif veya kriterine gore 6nem derecesi 7 ise,
B alternatif veya kriterinin A alternatif veya
kriterine gore 1/7 diizeyinde 6nem derecesine sahip
oldugu belirlenmektedir.

Onem dereceleri tespit edildikten sonra olusturulan
matriste  kriterlerin  biitiin  icerisindeki Onem
agirliklart hesaplanmaktadir. Bu hesaplamada her
bir siitun degeri Esitlik 2‘den faydalanarak

hesaplanmaktadir:
aij
Cij=ym 2)
i=1"%j
Burada, kriterlerin  birbirlerine goére 6nem
degerlerini  gosteren bir matris  olusturulur.

Olusturulan bu matris C matrisi olarak ifade
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edilmektedir. Bu matrisin elemant olan her bir ¢;;
degeri hesaplanirken, A matrisindeki her bir
stitunda toplam degerler bulunur ve A matrisinin
her bir elemani bu degere boliinerek c;; degerleri
elde edilir. Elde edilen bu matris A matrisinin
normalize edilmis halidir.

Normalize edilerek elde edilen C matrisinde her bir
satirin ortalamasi alinarak her bir kritere ait oncelik
vektorii. W degerleri hesaplanir. Bu hesaplama
Esitlik 3°te gdsterilmistir.

n

i=1cij

w=—— 3

n

Tutarilk Oramimin  Hesaplanmasi;  Oncelik
vektorii belirlendikten sonra karar vericilerin kisisel
degerlendirmelerinden kaynakli tutarliligim test
edilmesi gerekmektedir. Bunun ig¢in tutarlilik
oranlarmin hesaplanmasi gerekmektedir [23]. Tkili
kargilagtirma matrisleri % 100 tutarli ise kriter
sayisi n degeri A matrisinin en biiyiik 6zdegeri olur
ve n=A,, 4 0larak yazilmaktadir [22]. A.w=2A,,45.-W
esitliginden A matrisinin en biiyllk 06zdegeri
Esitlik 4° teki gibi hesaplanmaktadir:

n
_ Yj=1@ij- Wy
Amaxf

i=12,....n @)

wi

A matrisinde tutarsizlik fazla ise A4, n’den o
derece uzaktir. Tutarliligin 6l¢timiinde “Tutarhilik
Endeksi” (CI) ve “Tutarhilik Orant” (CR)
degerleri  hesaplanmaktadir [22]. “Tutarlilik
Endeksi” Esitlik 5’te, “Tutarlilik Oram” ise
Esitlik 6°da yer alan formiillerle hesaplanmaktadir.

. Amax—n
CI=—""— ®)
CR= o 6
= (6)

Esitlik 6’da yer alan RI, rastsal endeks degerini
temsil etmektedir. Saaty tarafindan sabit sayilarin
yer aldigt ve n degerine gore degisen endeks
degerleri Cizelge 2. ‘de gosterilmistir [24].
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Cizelge 2. Rastgele endeks degerleri

N degeri 1 2 3 4 5 6
RI degeri | 0 0 058089 |1,12]1,24
N degeri 7 8 9 10 | 11 | 12
Rl degeri | 1,32]1,41| 145 1,49 |1,51] 1,48

Eger CR degeri 0,10 degerinden diisiik ise ikili
kargilagtirma matrisi tutarlidir  denir. Yapilan
hesaplamalar sonucunda tutarsizlik s6z konusu ise
yapilan ikili karsilastirmalar tekrar
degerlendirmelidir.

En yiiksek oncelikli alternatifin segilmesi; biitiin
ikili kiyaslamalar degerlendirildikten sonra en
yiiksek oncelik degerine sahip olan segenek karar
verici igin en uygun alternatiftir.

2.2. TOPSIS Yontemi

TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution) yontemi, 1981 yilinda
Hwang ve Yoon tarafindan gelistirilmis ¢cok kriterli
karar verme teknigidir [25].

TOPSIS yontemi, anlasilmasinin kolay olusu ve
karmasik matematiksel hesaplamalar
icermemesinden dolay1 siklikla tercih edilen bir
yontemdir [22].

Bu yontemde iki temel kavram yer almaktadir:
pozitif ideal ¢6ziim ve negatif ideal ¢dziim. Pozitif
ideal ¢oziim, fayda veya kazanci maksimize eden
veya maliyeti minimize eden ¢oziimdiir. Negatif
ideal 6ziim ise, tam tersine fayda veya kazanci
minimize eden veya maliyeti maksimize eden
¢oziimdir. En uygun alternatifin, pozitif ideal
¢Oziime yakin, negatif ideal ¢dziimden uzak olmasi
istenir. Bu yakmlik veya uzaklik, ideal ¢6ziim
noktalarma olan uzakliklarin hesaplanmasiyla
belirlenmektedir. Bu uzakliklarin karsilagtiritlmasi
ile alternatifler arasinda siralamalar belirlenerek en
uygun alternatif se¢ilmektedir.

TOPSIS yontemi 6 adimdan olusan bir siire¢
icermektedir [22]:

1. Karar matrisinin elde edilmesi,

2. Normalize (Standart Karar) matrisinin elde
edilmesi,
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Normalize
Karar)

3. Agirliklandirilmis
(Agirliklandirilmisg Standart
matrisinin elde edilmesi,

4. Pozitifi ideal ve negatif ideal
degerlerinin elde edilmesi,

5. Pozitif ideal ¢6ziim ve negatif ideal ¢dziim
noktalarina olan uzakliklarin belirlenmesi,

6. Ideal ¢bziime nispi (Géreceli) yakinligin
hesaplanmasi.

¢Oziim

Bu adimlar su sekilde 6zetlenmektedir:

Adim 1: Karar matrisinin elde edilmesi; karar
vericiler tarafindan olusturulan baslangi¢c matrisidir.
Bu matris A matrisi olarak isimlendirilmekte ve
satirlar {istiinliikleri siralanmak istenen alternatifleri
belirtirken, siitunlar karar verilmesi i¢in dikkate
alman degerlendirme kriterlerini icermektedir.
Esitlik 7° de m adet karar alternatifi ve n adet

degerlendirme  kriterinden olusan bir karar
matrisinin genel gosterimi yer almaktadir.

al 1 alz e aln

az 1 a22 e azn
Ajj = (7

Am1 Am2 - Ampn

Adim 2: Normalize (Standart Karar) matrisinin
elde edilmesi; Standart karar matrisi Esitlik 7° de
belirtilen A karar matrisinin normalize edilmesi ile
elde edilmektedir. Normalizasyon islemi farkli
sekillerde  gerceklestirilirken  siklikla — vektor
normalizasyonundan  yararlanilmaktadir ~ [22].
Vektor normalizasyonunda A matrisinde yer alan
her bir degerin kareleri alinarak bu degerler siitunlar
i¢in ayr1 ayri toplanmakta ve her bir a;; degeri yer
aldigr stitunun toplaminin karekokiine
boliinmektedir. Bu normalizasyon iglemi Esitlik 8’
de gosterilmektedir.

x;j =———= (i=1,...,m ve j=1,...,n) ®)

5] m 2
Yiz1 4ij

x;; degerlerinden olusan normalize edilmis matris
(X;j) Esitlik 9°da gosterilmektedir.
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Olcay KALAN

xll x12 e xln
le x22 s xZn
Xij = : ©)

Xm1 Xm2 - Xmn

Adim 3: Agwhklandiridmis Normalize (Standart
Karar) matrisinin elde edilmesi; elde edilen
normalize matriste degerlendirme kriterlerine ait
agirlik degerleri uzman goriisii veya AHP, ANP,
CRITIC, DEMATEL, SWARA vb. yontemler
kullanilarak belirlenir ve normalize matristeki her
bir eleman bu kriter agirliklariyla carpilarak
Agirliklandirilmis normalize matris elde edilir.

Agirliklandirilmis  normalize  matris  (W;;)
Esitlik 10°da gosterildigi gibidir.

WiX11 WaX12 - WpXqp

WiX21 W2X22 ... WpXopn
W= : (10)

W1Xm1 WaXm2 -« WnXmn

Adim 4: Pozitifi ideal ve negatif ideal ¢oziim
degerlerinin elde edilmesi; pozitif ideal ¢oziim
degerleri belirlenirken eger ama¢ maksimizasyon
ise W;; matrisinde her bir siitunda en biiyiik
degerler, eger ama¢ minimizasyon ise W;;
matrisinde her bir siitunda en kiigiik degerler pozitif
ideal ¢6ziim degerlerini olusturmaktadir.

Negatif ideal ¢6ziim degerleri belirlenirken ise, eger
amag maksimizasyon ise W;; matrisinde her bir
situnda en kiigik degerler, eger amag
minimizasyon ise W;; matrisinde her bir siitunda en
biiyilk degerler negatif ideal ¢oziim degerlerini
olusturmaktadir.

Pozitif ideal ¢oziim degerleri Esitlik 11°de ve

negatif ideal ¢oziim degerleri Esitlik 12’de
gosterilmistir.

A= {(miaxwij |j E]),(miinwij |j E]*)} (11)
A= {wf wy, ..

W'}
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A= {(ml_inwij |j E]),(miaxwij Jj E]*)} (12)

A= {wy,wy,..,wy}
Her iki formiilde J maksimizasyonu, J* ise
minimizasyon degerini géstermektedir.

Adim 5: Pozitif ideal ¢oziim ve negatif ideal ¢éziim
noktalarina olan uzakhiklarin belirlenmesi;
agirliklandirilmig normalize matriste her bir degerin
pozitif ideal ¢6ziime ve negatif ideal ¢6ziime olan
uzakliklart  Oklidyen ~ Uzaklik  Yaklagimi
kullanilarak Esitlik 13 ve Esitlik 14’teki gibi
hesaplanmaktadir.

Pozitif ideal ¢6ziime olan uzaklik:

T = \/Z?:l(wij —w;")? (13)
Negatif ideal ¢6ziime olan uzaklik:
"= (B ) (14)

Adim 6: Ideal ¢iziime nispi (Goreceli) yakinhigin
hesaplanmast; ideal ¢oziime nispi yakinlik Esitlik
15’ teki gibi hesaplanmaktadir.

*__ Ti
| A —
T, +T;

(15)

Burada C;= 1 degeri ilgili alternatifin pozitif ideal
¢ozlime mutlak yakinhgi,

C;= 0 degeri ise ilgili alternatifin negatif ideal
¢oziime mutlak yakinligi gostermektedir. C; degeri
I’e yakin olan alternatif en iyi alternatif olarak, 0’a
yakin olan alternatif en kotli alternatif olarak
siralanmaktadir.

3. BULGULAR VE TARTISMA

3.1. Dolum Hatt1 Makinelerinin Tedarik¢i Secim
Problemi

Deterjan imalati yapan bir fabrikaya 8 nozullu bir
stvi dolum makinesi siparisi verilecektir. Bu makine
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siparisi igin AHP ve TOPSIS yontemleri entegre bir
sekilde uygulanarak 5 adet kriter dikkate alinmig 3
adet alternatif tedarik¢i firmalarin Onem sirasi
belirlenmistir.

3.1.1. Kriterlerin Tanimlanmasi

Yapilan literatlir taramasina gore en iyi tedarikci
firmanin se¢iminde Sekil 3’te verilen Kkriterler
dikkate alinmaktadir.

3
=m
&

& & 8

emERENRE
4
'-_
»_ I -
“*-

. -

M -

i -

M -

N -
4.,-
% .‘.

B -

B -

B -

Sekil 3. Tedarik¢i se¢imi ve degerlendirilmesinde
kullanilan kriter sikliklari [3]

Buna gore en ¢ok kullanilan kriterler kalite, fiyat,
teslimat, siire, esneklik, teknoloji, teknik, uzaklik
vb. olarak belirlenmistir. Bu ¢alismada ise sivi
dolum makinesi tedariki i¢in fabrikada yer alan
satin alma uzmanlarinin goriisleri dogrultusunda bu
kriterlerden maliyet, kalite, teknoloji, siire ve
O6deme yontemi kriterleri daha fazla 6nem arz ettigi
belirlenmistir.

Maliyet: Tedarik¢i firmalarin se¢iminde en 6nemli
etkenlerden biridir.

Kalite: Tedarik¢i firmalari, {irin ve imalat
asamalarinin talebin gerektirdigi gerekliliklere
cevap verebilme ve degerliligi agisindan
degerlendirilmektedir.

Teknoloji: Teknoloji, firmalarin teknik ve
donanimsal olarak hangi seviyede oldugunu net bir
sekilde gosteren kritik bir faktordiir.

Siire: Siire, bircok alanda tedarik¢i secerken
kullanilan 6nemli bir kriterdir. Ozellikle hizl
tilketim sektoriinde hayati bir 6neme sahiptir.

Odeme yontemi: Odeme yontemi, son yillarda
finans ve bankacilik faaliyetlerinin gelismesiyle
daha ¢ok dnemsenen bir kriter haline gelmistir.
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3.1.2. ikili Karsilasirma Karar Matrisinin
Olusturulmasi

Kriterlerin  ikili ~ karsilagtirmalarinda  Saaty
tarafindan 6nerilen 6nem skalas1 kullanilmistir.

Oncelikle kriterler igin gerceklestirilen
degerlendirmeler sonucunda Cizelge 3’te verilen

ikili kargilagtirma matrisi elde edilmistir.

Cizelge 3. Kriterler arasi karsilagtirma matrisi

Kriterler arasi karsilastirma matrisi
Kriterlerin ikili ) Odeme
karsilastirma | Maliyet Kalite [Teknoloji|Siire| . .
matrisi yontemi
Maliyet 1 2 7 4 3
Kalite 0,50 1 5 3 2
Teknoloji 0,142857 0,20 1 0,25 0,25
Siire 0,25 0,333333 4 1 0,2
Odeme yontemi | 0,333333 0,50 4 5 1
Toplam 2,226190 | 4,033333 21 13,25| 6,45

Daha sonra kriterler igin normallestirme matrisi
olusturulmustur (Cizelge 4)

Cizelge 4. Kriterler arasi normallegtirilme matrisi

Olcay KALAN

Daha sonra kriterlerin dnem dereceleri belirlenirken
tutarlilik testi ile uzman goriislerinin tutarsizlik
oranlar1 hesaplanmustir.

Cizelge 6. Kriterler arasi tutarlilik degerleri

Tutarhlik orami hesab1
Tiim oncelikler A Amax CI CR

matrisi

2,205998 5,392579

1,366737 5,479573

0,226549 5,172253  [5,354394| 0,088598 [0,079105]
0,498857 5,070728

1,127490 5,656836

Cizelge 6’da belirtilen tutarlilik oran1 hesabina gore
tutarhilik testinin sonucu 0,10’dan kiigiik oldugu
icin bu matris tutarlidir.

Ardindan her kriter i¢in ayr1 ayr alternatiflerin ikili
karsilastirma matrisi olusturulmus ve tutarliliklar:
test edilmistir.

Alternatifler icin matrisler: Oncelikle maliyet
kriteri igin alternatifler degerlendirilmis ve
degerlendirme matrisi Cizelge 7°de gosterilmistir.

Odeme Yéntemil0,149732|0,123966|0,190476 (0,377358|0,155038
Toplam 1 1 1 1 1

Ardindan kriterler aras1 normallestirme matris
oncelik degerleri hesaplanmistir (Cizelge 5)

Cizelge 5. Kriterler arasi normallestirilme matrisi
agirhik degerleri
Kriterlerin normalize matrisi

Kriterlerin ikili !(z‘lrsllastlrma Oncelikler vektorii
matrisi
Maliyet 0,409080
Kalite 0,249424
Teknoloji 0,043800
Siire 0,098379
Odeme Yontemi 0,199314

Oncelik vektérleri incelendiginde; maliyet ve kalite
kriterlerinin diger kriterlere oranla daha ¢ok 6nem
arz ettigi goriilmektedir.
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Kriterlerin normalize matrisi Cizelge 7. Alternatifler  icin  maliyet  kriteri
Kriterlerin ikili| . 1 . |od karsilastirma matrisi
karsllast.u:ma Maliyet | Kalite [Teknoloji| Siire yontemi Maliyet kriteri

matrisi Alternatifler A B C
[Maliyet 0,449197(0,495867(0,333333|0,301886/0,465116 A 1 0.50 2
Kalite 0,224598|0,247933(0,238095(0,226415/0,310077 B 5 1 6
Teknoloji 0,064171]0,049586(0,047619 (0,018867|0,038759 C 0.25 0,166666667 1
Siire 0,112299]0,082644[0,1904760,075471[0,031007 Toplam 325 1666666667 T

Daha sonra bu matrisin normallestirilme matrisi
olusturularak maliyet kriteri i¢in alternatiflerin
kargilagtirtlmas1  yapilmistir  ve Cizelge 8’de
gosterilmistir. Sirastyla B ve A firmalarinin maliyet
kriteri i¢in C firmasina gore daha uygun oldugunu
goriilmektedir.

Cizelge 8. Alternatifler icin  maliyet kriteri
normallestirme matrisi
Normalize maliyet Kriteri Oncelikler
Alternatifler A B C vektorii
A 0,307692 0,3 0,363636 | 0,323776
B 0,615384 0,6 0,545454 | 0,586946
C 0,076923 0,1 0,090909 | 0,089277

Oncelik degerleri hesaplandiktan sonra tutarlilik
testi yapilmis ve tutarlilik testinin sonucu 0,10’dan
kiigiik oldugu i¢in tutarli oldugu Cizelge 9’da
gosterilmistir.
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Cizelge 9. Alternatifler i¢in maliyet kriteri tutarlilik

testi
Maliyet kriteri tutarhilik orani hesabi
Tiim
oncelikler A Amax Cl CR
matrisi
0,974358 3,009359
1,770163 3,015885 | 3,009212 | 0,004606 | 0,007942
0,268045 3,002393
Kalite kriterinin alternatifler arasinda
degerlendirilmesi  igin  olusturulan  matris
Cizelge 10°da gosterilmistir.
Cizelge 10. Alternatifler  i¢cin  kalite  kriteri
karsilastirma matrisi
Kalite kriteri
Alternatifler A B C
A 1 0,33 5
B 3 1 7
C 0,20 0,142857 1
Toplam 42 1,476190 13

Daha sonra bu matrisin normallestirilme matrisi
olusturularak kalite kriteri i¢in alternatiflerin
karsilagtirilmas:  yapilmistir ve Cizelge 11°de
gosterilmistir.

Kalite kriterinde alternatifler arasindan B firmasinin
diger firmalara gore ¢ok daha iyi oldugu hesaplanan
oncelik vektoriinden goriilmektedir.

Teknoloji kriteri i¢in alternatiflerin degerlendirilme
matrisi Cizelge 13’°te gosterilmistir.

Cizelge 13. Alternatifler igin teknoloji kriteri

karsilastirma matrisi
Teknoloji kriteri

Alternatifler A B C

A 1 0,33 2

B 3 1 5

C 0,50 0,20 1

Toplam 4,5 1,533333 8

Daha sonra bu matrisin normallestirilme matrisi
olusturularak teknoloji kriteri icin alternatiflerin
kargilagtirilmas1  yapilmistir ve Cizelge 14°te
gosterilmistir.

Teknoloji kriterinde de yine alternatifler arasindan
B firmasinin diger firmalara gore daha iyi oldugu
goriilmektedir.

Cizelge 14. Alternatifler

icin

normallestirme matrisi

teknoloji

kriteri

Normalize teknoloji kriteri Oncelikler
Alternatifler | A B C vektori
A 0,222222 | 0,217391 | 0,250000 | 0,229871
B 0,666666 | 0,652173 | 0,625000 | 0,647946
C 0,111111 | 0,130434 | 0,125000 | 0,122181

Cizelge 11. Alternatifler  i¢cin  kalite  kriteri
normallestirme matrisi
Normalize kalite kriteri Oncelikler
Alternatifler A B C vektorii
A 0,238095 | 0,225806 | 0,384615 | 0,282839
B 0,714285 | 0,677419 | 0,538461 | 0,643388
C 0,047619 | 0,096774 | 0,076923 | 0,073772

Oncelik degerleri hesaplandiktan sonra tutarlihik
testi yapilmis ve tutarlilik testinin sonucu 0,10’dan

kiigiik  oldugu

igin  matrisin

Cizelge 12°de gosterilmistir.

tutarl

oldugu

Cizelge 12. Alternatifler i¢in kalite kriteri tutarlilik

Teknoloji kriteri i¢in olusturulan matrisin tutarlilik

testi yapilmis ve Cizelge 15°te gosterilmistir.

testi
Kalite kriteri tutarhlik oram hesabi

Tiim

oncelikler A Amax CI CR

matrisi
0,866162 | 3,062386
2,008310 |3,121456 | 3,065511 | 0,032755 | 0,056475
0,222252 3,012691
976

Cizelge 15. Alternatifler igin teknoloji kriteri
tutarlilik testi
Teknoloji kriteri tutarhlik orani hesabi
Tiim
oncelikler A Amax CI CR
matrisi

0,690217  [3,002626

1,948470 3,007145 3,003696 | 0,001848 | 0,003186
0,366706 3,001317

Tutarlilik  testinin sonucunda CR  degerinin

0,10’dan kii¢iik oldugu i¢in bu matrisin tutarl
oldugu goriilmektedir
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Daha sonra siire kriteri i¢in degerlendirme matrisi
olusturulmus ve Cizelge 16’da gosterilmistir.

Cizelge 16. Alternatifler  i¢in  slire  kriteri
kargilagtirma matrisi
Siire kriteri

Alternatifler A B C

A 1 2,00 5

B 0,5 1 3

C 0,2 0,333333 1

Toplam 1,7 3,333333 9

Ardindan bu matris i¢in normallestirme yapilmis ve
oncelik vektorii hesaplanmistir. Cizelge 17°de
gosterilen bu matriste belirtilen Oncelik vektorii
degerlerine gore siire kriterinde alternatifler
arasindan A firmasinin diger firmalara gore daha iyi
oldugu goriilmektedir.

Cizelge 17. Alternatifler  i¢in  slire  kriteri
normallestirme matrisi
Normalize siire Kriteri Oncelikler
Alternatifler A B C vektorii
A 0,588235 0,6 0,555555 | 0,581263
B 0,294117 0,3 0,333333 | 0,309150
C 0,117647 0,1 0,111111 | 0,109586

Tutarlilik testi siire kriteri igin olusturulan matrise
de uygulanmis ve CR degeri 0,10’dan kiigiik oldugu
icin bu matrisin tutarli oldugu gosterilmistir.

(Cizelge 18.)

Cizelge 18. Alternatifler icin siire kriteri tutarlilik

Olcay KALAN

Cizelge 19. Alternatifler i¢in 6deme yontemi kriteri
karsilastirma matrisi

Odeme yontemi kriteri
Alternatifler A B C
A 1 0,50 4
B 2 1 6
C 0,25 0,166666 1
Toplam 3,25 1,666666 11
Daha sonra bu matrisin  normalizasyonu

gerceklestirilmis ve Cizelge 20°de hesaplanan
oncelik vektoriine gore 6deme yontemi kriterinde
alternatifler arasindan B firmasinin diger firmalara
gore daha iyi oldugu belirtilmistir.

Cizelge 20. Alternatifler icin 6deme yontemi kriteri
normallestirme matrisi

Normalize 6deme yontemi Kriteri Oncelikler
Alternatifler A B C vektori
A 0,307692 0,3 0,363636 | 0,323776
B 0,615384 0,6 0,545454 | 0,586946
C 0,076923 0,1 0,090909 | 0,089277

Odeme yontemi kriteri i¢in olusturulan matrisin
tutarhilik  testi yapilmis ve Cizelge 21°de
gosterilmistir.

Cizelge 21. Alternatifler icin 6deme yontemi kriteri

tutarlilik testi
Odeme yontemi kriteri tutarhhik orani hesabi
Tiim
oncelikler A Amax CI CR
matrisi
0,974358  |3,009359
1,770163 3,015885 3,009212 | 0,004606 | 0,007942
0,268045  |3,002393

testi
Siire kriteri tutarlihik oranm hesabi
Tiim
oncelikler A Amax CI CR
matrisi
1,747494  |3,006371
0,928540  [3,003523 3,003696 | 0,001848 | 0,003186
0,328888  [3,001192

Ayni adimlar en son kriter 6deme ydntemi igin de
uygulanmig ve ilk olarak degerlendirme matrisi
Cizelge 19°da gosterilmistir.

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023

Tutarlilik testinin sonucu 0,10’dan kiiciik oldugu
i¢in bu matris tutarlidir.

3.2. TOPSIS Yonteminin Uygulanmasi
Tedarikgi firmalarin kriterlere gore
degerlendirilmesi i¢in karar matrisi olugturulmus ve

uzman degerlendirilmesi sonucu olusan karar
matrisi Cizelge 22°de gosterilmistir.
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Cizelge 22. AHP kriter agirliklart ve TOPSIS
puanlamast

Kriter agirhklari

Son olarak bu degerlerden yola ¢ikarak pozitif ideal
uzaklik ve negatif uzaklik degerleri hesaplanmis ve
ideal ¢oOziime goreceli yakinlik Cizelge 26’da

0,409080]0,249424] 0,043800 [0,098379]0,199314| ~ &Osterilmistir.
. . Odeme
Maliyet | Kalite |Teknoloji| Siire . . . < .
Y ' W U |yéntemi|  Cizelge 26. Yakinlik degerleri ve siralama
A 5 6 6 6 5 Pozitif Negatif | ideal ¢oziime
B 7 8 7 5 6 ideal ideal goreceli Siralama
C 3 4 4 4 3 uzaklik uzakhk yakinhk
. , , . . A 10,106298 |0,112054 |0,513179 2
Cizelge 22.” de firmalara maliyet, kalite, teknoloji,
. .. . . . . B 0,118259 [0,397017 ]0,770493 1
siire ve 6deme yontemi kriterlerine 1-10 arasinda
degerler verilmistir. Bu degerlere ve AHP C 10.184796  10.184796 [0.5 3

metoduyla buldugumuz kriter agirliklar1 degerleri
eklenmistir.

Cizelge 23. Normallestirilmis matris

Normalize matris

Odeme
yontemi
A 0,548821(0,557086/ 0,597022 [0,683763|0,597614
B 0,768349(0,742781 0,696526 [0,569802(0,717137
C 0,329292{0,371390{ 0,398014 [0,455842|0,358568

Maliyet | Kalite |Teknoloji| Siire

Cizelge 23’te karar matrisinin normallestirilmesi
yapilmis ardindan eklenen agirliklarla birlikte karar
matrisinin  agirhiklandirilmig  normalize matrisi
Cizelge 24’ te gosterilmistir.

Cizelge 24. Agirlikli normallestirilmig matris

Agirhkl normalize matris

Odeme
yontemi
A 0,224512(0,138950( 0,026150 |0,067268|0,119113
B 0,314316(0,185267| 0,030508 [0,056057|0,142935
C 0,134707(0,092633| 0,017433 |0,044845|0,071467

Maliyet | Kalite |Teknoloji| Siire

Daha sonra TOPSIS yoénteminin son adimi pozitif
ve negatif ideal ¢dziim degerleri hesaplanmis ve
Cizelge 25’te  gosterilmisti. Bu  degerler
hesaplanirken maliyet ve siire kriterleri igin
minimum degerler kalite, teknoloji ve Odeme
yontemi i¢in maksimum degerler ¢izelgede yer
almaktadir.

Cizelge 25. Pozitif ve negatif ideal ¢6ziim degerleri

Pozitif ve negatif ideal ¢6ziim degerleri
Pozitif ideal
¢oziim
Negatif ideal
¢oziim

0,134707{0,185267(0,030508(0,044845|0,142935

0,314316(0,092633(0,017433(0,067268|0,071467
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Tiim kriterler igin alternatiflerin degerlendirilmesi
amaciyla yapilan tim bu adimlar sonucunda
firmalarin siralamasi elde edilmistir. Elde edilen
degerlere gore B firmasinin tiim kriterler tizerinden
degerlendirilmesi sonucunda sivi dolum makinesi
alimi i¢in diger firmalara gore daha uygun oldugu
belirlenmistir.

4. SONUCLAR

Bu ¢aligmanin basinda da belirtildigi gibi 6rnek bir
uygulama yapilmistir. Deterjan imalati yapan bir
fabrikada sivi dolum makinesi alimi i¢in tedarik¢i
secim problemi ele alinmig, AHP-TOPSIS
yontemleri adim adim entegre bir sekilde
uygulanarak sonug¢ bulunmustur.

Inceledigimiz problemde &ncelik, fabrikanin
gerekliliklerine gore tedarik¢i se¢imi icin kriterleri
belirlemek olmustur. Bunlar belirlenirken literatiir
taramalarindan ¢ikan sonuglar ve uzman gorisii
harmanlanarak karar verilmistir. Bu se¢cimden sonra
kargilagtirma matrisleri, normallestirme matrisleri
ve tutarhilik testleri yapilmistir. Bu matrisler
yapilirken puanlamalar bu alandaki uzman kisi ile
beraber yapildigindan dolay:r oldukga tutarli ve
belirlenen kriterlere uygun sekilde yapilmistir.
AHP-TOPSIS yontemlerinin entegre bir sekilde
yapildigt bu calismada A, B ve C firmalarindan B
firmasinin  segilen kriterlerde diger tedarikgi
firmalara gore daha ideal oldugu ortaya ¢ikmistir.
Gelecek c¢alismalarda tedarik¢i segiminde ana
kriterlerin yani sira alt kriterlerin de dikkate
alinarak caligmalar yapilmasi dnerilmektedir.
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Abstract

Today, exergy analyses have become essential for addressing critical engineering and environmental issues,
such as improving energy efficiency, sustainable resource utilization, and reducing environmental impacts.
To enhance the potential of these studies in generating more effective and precise results, new methods,
like fuzzy logic, have been successfully employed in the analysis and decision-making processes. This
article examines the energy and exergy analyses and integrating these analyses with fuzzy logic. The
Organic Rankine Cycle systems, denoted as ORC-1 and ORC-2, exhibit energy efficiencies of 10.66% and
10.92%, respectively, with ORC-2 displaying an exergy efficiency increase to 86.8%. The cooling system
boasts a Coefficient of Performance (COP) of 3.64 and an exergy efficiency of 25.3%. With fuzzy logic
method, the estimated exergy efficiency for ORC-1 reached 99.38%, and the energy efficiency was
estimated at 97.33%. For ORC-2, the exergy efficiency was estimated at 98.66%, and the energy efficiency
was estimated at 99.42%. The refrigerant quantity for the cooling system was estimated at 97.7%, and the
COP was estimated at 98.03%.

Keywords: Renewable energy, Energy and exergy efficiency, Fuzzy logic, Sustainability

Yenilenebilir Enerji Kaynaklari ile Beslenen Kurutma Unitelerinde Enerji ve
Ekserji Verimlerinin Bulanik Mantik Modellemesi

Oz

Giliniimiizde ekserji analizleri, enerji verimliligi artirma, kaynaklarin siirdiiriilebilir kullanimi ve ¢evresel
etkilerin azaltilmas1 gibi kritik miihendislik ve ¢evre sorunlarini ele almak i¢in vazgegilmez hale gelmistir.
Bu ¢aligmalarin daha etkili ve kesin sonuglar iiretme potansiyelini artirmak amaciyla, bulanik mantik gibi
yeni yontemler, analiz ve karar verme siireclerine basariyla uygulanmaktadir. Bu makalede, enerji ve ekserji
analizleri ve bulanik mantik modellemesi incelenmistir. ORC-1 ve ORC-2 olarak adlandirilan Organik
Rankine Cevrimi sistemleri sirasiyla enerji verimliligi %10.66 ve %10.92'ye sahiptir, ancak ORC-2'nin

*Sorumlu yazar (Corresponding Author): Feyza AKARSLAN KODALOGLU, feyzaakarslan@sdu.edu.tr
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ekserji verimi %86.8'e yiikselir. Sogutma sistemi ise 3.64'liik bir COP degeri ve %25.3'liik ekserji verimine
sahiptir. Bulanik mantik metodu ile: ORC-1 i¢in ekserji verimliligi %99,38, enerji verimliligi ise %97,33
olarak tahmin edilmistir. ORC-2 i¢in ekserji verimliligi %98,66, enerji verimliligi ise %99,42 olarak tahmin
edilmistir. Sogutma sistemi i¢in sogutkan miktart %97,7, COP ise %98,03 olarak tahmin edilmistir.

Anahtar Kelimeler: Yenilenebilir enerji, Enerji ve exerji verimi, Bulanik mantik, Siirdiiriilebilirlik

1. INTRODUCTION

The utilization of heat energy derived from
renewable energy sources for drying units
represents a significant objective in terms of energy
efficiency. Consequently, energy efficiency and
sustainability have become the focal points of
industrial processes in recent years. In this context,
our study aims to provide a new perspective on
energy conversion and process efficiency by
focusing on the unique combination of the Organic
Rankine Cycle (ORC), refrigeration cycle, and
drying unit. The detailed analysis of our integrated
system highlights its features that enhance energy
efficiency and  emphasize  environmental
sustainability, thereby revealing significant
potentials in industrial applications.

Some studies in the literature: In a study, Smart
Fuzzy Controller and Fuzzy Rule Suram compared
defuzzification methods based on environmental
factors such as weather variables for the drying
process. The results obtained show that the
proposed approach has great potential in terms of
performance. The smart fuzzy controller offered a
smoother and more controllable performance than
traditional controllers, and Fuzzy Rule Suram was
found to be more efficient than the Smart Fuzzy
Rule [1]. Another study provides a comprehensive
review of fuzzy logic applications in the field of
drying technology. Fuzzy logic applications are
discussed systematically. Additionally, a road map
for future studies for drying technology is presented
[2]. Rahman et. al. He supported the experiments on
vacuum drying of cocoa beans with mathematical
models. The effects of temperature and pressure
changes on drying speed and product quality were
investigated. Experimental results showed that it is
compatible with the fuzzy model. A suitable model
for optimum drying has been proposed [3]. In
another study, the convective-infrared drying
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behavior of white mulberry was examined and
experimental data were obtained with different
parameters. Humidity rate predictions were made
with mathematical models and artificial neural
network (ANN), and the results showed that the
fuzzy model provides more accurate predictions
than ANN and mathematical models [4]. Zoukit et.
al. Takagi-Sugeno fuzzy (TSF) model was
developed for hybrid solar-electric dryer. This
model to predict the drying temperature has been
tested with experimental data and a successful
application has been achieved for the two main
modes of the dryer (electric and solar) [5]. Gao and
Liu aimed to develop a model for adapting
geothermal ORC systems to different conditions
and off-design performance. An optimal control
strategy was presented by using turbine guide blade
angle, coolant pump speed and cooling water flow
rate as control variables. The results showed that the
flow rate of geothermal water, inlet temperature and
cooling water temperature were associated with
increased net power production. Supercritical ORC
generally produced a higher net power than
subcritical ORC, but the difference has been shown
to decrease under some conditions [6]. Yaic et. al.
He focused on underground heat pumps (GSHP)
and organic Rankine cycle systems (ORC) and
suggested combining these two systems in a parallel
structure. The proposed integrated system has
achieved more than 80% energy savings compared
to conventional GSHP systems in different
Canadian cities (Edmonton, Halifax, Vancouver).
The ORC system increased the performance of the
GSHP, offering higher COP values and reducing
operating times [7]. Khan and Kim presented the
thermodynamic analysis of an organic Rankine
cycle system and water heating system that can
operate at high temperatures. This system can
produce 585.7 kW net power and also provide hot
water at 35°C for home use. Seasonal air
temperature and water temperature data from Seoul,
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South Korea were used for performance analysis. It
is balanced according to the hot water need by using
two different mass fractions. Performance analysis
was carried out according to different working
fluids and months [8]. In another study, the wool
drying process in a heat pump dryer was examined.
A fuzzy model was created using the fuzzy logic
method, one of the artificial intelligence methods,
to determine the effect of time, temperature, loading
rate and air speed on the drying rate. Wet wool was
used as the test material. While the air velocities at
the inlet of the dryer varied between 0.8 m/s and 1.5
m/s, the material loading ratio (material/dryer
volume) varied between 0.5 and 2.5. The inlet
temperature of the dryer was varied between 40°C
and 90°C. It was concluded that the obtained fuzzy
logic results were compatible with the experimental
results [9]. Kumaresan examined the optimization
of the single-stage air source vapor compression
heat pump system using genetic algorithm (GA) and
fuzzy logic (FL) in order to use heat pumps, which
offer economical alternatives to heat recovery from
different sources, in industrial, commercial and
residential applications. The properties required for
thermodynamic optimization were calculated using
fuzzy logic. Thermodynamic properties obtained by
fuzzy logic were compared with real results. Then,
the most suitable operating conditions of the heat
pump system were determined by genetic algorithm
[10].

This study constitutes a system developed with the
aim of integrating the heat obtained from renewable
energy sources into a drying unit, which is required
for its operation. Simultaneously, it seeks to provide
a detailed analysis of the energy and exergy
efficiencies of the integrated sub-cycles using fuzzy
logic methods. This study represents an important
step in understanding the feasibility of the drying
process with alternative energy exchange.

2. MATERIAL AND METHODS

2.1. System Description

In Figure 1, the design of the integrated system
undergoing thermodynamic analysis is provided.

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023
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Figure 1. Integrated undergoing

system
thermodynamic analysis.

In the system in Figure 1, the heat taken from the
heat source (solar, biomass, geothermal) at the 1st
point is transferred to a sub-1st ORC system. 1. The
power of the cooling system was met with the
electrical power obtained in the ORC. The drying
cycle is completed by connecting the cooling
system to the drying unit. In addition, the electrical
power of the fan in the drying unit and the indoor
space in the facility was supplied by the 2nd ORC
system connected to the 1st ORC.

2.2. Energy and Exergy Analyzes

In steady state, the mass balance equation can be
given as follows [11,12]:

Ay =Y, 1)
where m is the mass flow rate, the indices g and ¢

are the inlet and outlet conditions, respectively. The
energy balance is given in the equation below.

Qg + Wy + Sgrin (h+%+ gz) = O + Vi +
2
e (h+%+ gz) )
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Here, Q is the heat transfer rate, W is the power, h
is the specific enthalpy, v is the velocity, z is the
height, and g is the gravitational acceleration.

Zin MinSin + Zk a + Sgen = Zex MexSex (3)

where s is the specific entropy and Sgen is the
entropy generation rate. The exergy balance
equation can be written as:

> My Xy + X E XQ,in +X ExW,in =
Z mexexex + Z ExQ,ex + Z ExW,ex + ExD (4)

The specific flow exergy can be written as:

ex = Xpp + eXcp + eXxpp + eXpp 5)
The kinetic and potential parts of the exergy are
assumed to be negligible. Also, the chemical exergy
is assumed to be negligible. The physical or flow
exergy (expy) is defined as:

€Xph = (h - ho) - To(s - So) (6)
where h and s represent specific enthalpy and
entropy, respectively, in the real case. h, and s, are
enthalpy and entropy at reference medium states,

respectively.

Exergy destruction is equal to specific exergy times
mass;

Exp, =ex*m (7N

Exp, are work-related exergy ratios and are given
as:

ExD = Tosgen (®

Exy,, are work-related exergy ratios and are given
as:

Exy =W 9)

E Xg, are the exergy rates related to heat transfer and
are given as below.
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Exy = ( —%)Q (10)

System thermal efficiency (1);

energy in exit outputs

n= an

total energy inlets

The exergy efficiency (y) can be defined as follows;

exergy in exit outputs

Y= (12)

total exergy inlets

2.3. Assumptions and Fixed Parameters

1. The temperature in the heat exchangers is
balanced, there is no heat loss.

2. Pressure losses in all parts of the system are
neglected.

3. The isentropic efficiency of the pumps and
compressor is 75%, and the isentropic efficiency
of the turbine is 85%.

4. Changes in kinetic and potential energy are
neglected.

5. System performance is assumed to be constant
and regular.

6. The dead state of the fluids (air, R600a)
circulating in all cycles was taken as
temperature 293.2 K and 1 bar atmospheric
pressure.

2.4. Fuzzy Logic

Fuzzy systems are knowledge-based systems
constructed using fuzzy "if-then" rules, facilitating
a systematic process of transforming information
from non-linear functions to a knowledge base [13].
The fuzzy logic theory enables the incorporation of
expert human knowledge into computer systems
through the use of "if-then" rules. This, in turn,
enables the successful utilization of linguistic data
found in natural language and human thoughts.
Fuzzy systems are composed of four main
components: a fuzzy rule base, a fuzzy inference
engine (decision-making unit), a fuzzifier, and a
defuzzifier. The general structure of a fuzzy system
is illustrated in Figure 2.
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Figure 2. The typical structure of a fuzzy system
[14]

Fuzzification is defined as the process of converting
a crisp real value into a fuzzy set. In this process,
the range of input variables is transformed into an
appropriate universal set, allowing input values to
be converted into suitable linguistic terms. During
the fuzzification stage, preliminary preparations are
made for the processing of externally received data
using the information in the fuzzy rule base of the
system. Various membership functions are
employed in the fuzzification stage for this purpose.
The most commonly used types of membership
functions in applications are Triangular,
Trapezoidal, Bell Curve, Gaussian, Sigmoidal, and
Pi (w) membership functions [15]. Researchers
often prefer heuristic methods and artificial
intelligence techniques such as ant colony
algorithms, clonal selection algorithms, tabu search
algorithms, genetic algorithms, and artificial neural
networks to determine these membership functions
[16-19]. In this study, based on a detailed literature
review and expert opinions in the field, triangular
membership functions were employed.

H()

1

a mb X

Figure 3. Triangular membership function
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In the fuzzy inference section, a rule base is used in
conjunction with an inference mechanism for
information presentation. Once the incoming data is
prepared for processing within the fuzzy rule base,
it is then processed by the inference mechanism
according to the "if-then" rules defined. The
variables, the number of membership functions, and
the number of rules are the components in this
context, and structural learning occurs based on
these defined parameters. Within the fuzzy
inference mechanism, information is modeled
through various methods. These inference methods,
known as Mamdani method, Larsen method,
Tsukamoto method, and Tagaki-Sugeno-Kang
method, are utilized [20,21]. Within the Mamdani
inference method used in this study, the threshold
values for rules are calculated using the "and
(intersection)" operator first, followed by the "or
(union)" operators.

The defuzzification stage involves the process of
converting the fuzzy set obtained in the fuzzy
inference engine into a precise value. To apply the
resulting fuzzy set back to real-world scenarios, it
must be represented numerically. The most
commonly encountered defuzzification methods
include the centroid method, the largest
membership principle, the mean of maxima, the
weighted average method, the smallest of largest,
and the largest of maxima methods [22]. In this
study, the centroid method was employed.

s _ Sz Vi)

13
X i) (13)

y

The formula (13) is used to compute it, where yi
represents the defined output variable value, pc(yi)
stands for the membership degree of the output
variable, and y* denotes the defuzzified value.

3. RESULTS

Figure 4 shows the T-s diagram for ORC-2 in the
integrated system.
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Figure 4. Temperature entropy conversion for ORC-2.

Thermodynamic properties of the positions in the T-
s diagram in Figure 4 are given in Table 1. Figure 5
shows the T-s diagram for the cooling part of the
integrated system.

Table 1. Thermodynamic properties for ORC-2

Thermodynamic properties of the positions in the T-
s diagram in Figure 5 are given in Table 2.

Figure 6 shows the T-s diagram for ORC-1 in the
integrated system.
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Figure 5. Temperature entropy cycle for cooling system

Location | T [K] |P [bar] h [kd/kg] | s [kJ/kg.K] | ex]|kj/kg] | m [kg/s] | Refrigerant
TO 293,2 1 590,6 2,487 - - R600A
7. 343,1 | 8,876 6354 2,345 86,49 0,4646 R600A
7. 296,5 | 2,345 | 100 590.,9 2,371 34,19 0,4646 R600A
8. 285,1 | 2,345 571 2,303 34,36 0,4646 R600A
9. 285,1 | 2,345 227,9 1,099 44,14 0,4646 R600A
9. 285,5 | 8,876 | -100 2294 1,101 45,28 0,4646 R600A
10. 334,1 | 8,876 3523 1,497 51,85 0,4646 R600A

R600a
400
375[
—o—T][refrigerant]
T 350f //
- e
325} il
12. 7 bar
300} B
2755// ‘ _ 13.// bar ‘ 1+
1,0 13 1,5 1,8 2,0 23
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Table 2. Thermodynamic properties for the cooling system

Location | T [K] |P [bar] X h [kJ/kg] | s [kJ/kg.K] | ex[kj/kg] | m [kg/s]| Refrigerant
TO. 2932 1 - 590,6 2,487 - - R600A
11. 326,1 | 6,853 100 291,7 2,351 76,61 0,3429 R600A
12. 3232 | 6,853 0 323,1 1,41 48,35 0,3429 R600A
13. 278,2 | 1,867 | 0,3182 323,1 1,443 38,71 0,3429 R600A
14. 278,2 | 1,867 1 561.,8 2,301 25,85 0,3429 R600A

13 R600a
400}
r é
388 — —o—Tlrefrigerant] : ;":t
[ 2
- 4
g 3?5:
- L
83f
350f
338}
18 20
s [kJ/kg-K]

Figure 6. Temperature entropy conversion for ORC-1

Table 3 gives the thermodynamic properties of the  integrated system designed in Figure 1.
positions of the T-s diagram in Figure 6.

Table 5 presents energy and exergy efficiency
In Table 4, thermodynamic properties for the drying  values for a drying unit, two Organic Rankine Cycle
unit are presented from the sub-components in the (ORC) systems and a cooling system.

Table 3. Thermodynamic properties for ORC-1

Location | T[K] (P[bar]| x |h][kJ/kg]| s[kJ/kg.K] | ex][kj/kg] | m [kg/s] | Refrigerant
TO. 2932 1 - 590,6 2,487 - - R600A
3. 3932 | 284 1 687,1 2,374 129,7 0,6305 R600A
3. 341,6 | 8,876 | 100 6514 2,392 88,62 0,6305 R600A
4. 334,1 | 8,876 1 635,4 2,345 86,49 0,6305 R600A
5. 334,1 | 8,876 0 3523 1,497 51,85 0,6305 R600A
5. 336,1 | 284 | -100 | 3575 1,501 55,9 0,6305 R600A
6. 3932 | 284 0 5373 1,993 91,66 0,6305 R600A
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Table 4. Thermodynamic properties for the drying unit

Location | T [K] |P[bar]| x [|h[kJ/kg]| s [kJ/kg.K] | ex[kj/kg] m [kg/s] | Refrigerant
TO. 2932 1 - 2934 6,846 - - Air
15. 3232 1 - 323,6 6,944 1,447 9,9333 Air
16. 3232 1 - 323,6 6,944 1,447 9,9333 Air
17. 320,9 1 - 3213 6,936 1,24 9,9804 Air
18. 312,8 1 - 313,1 6,911 0,6314 9,9804 Air

Table 5. Energy and exergy efficiencies of all components

Component Energy efficiency [%] Exergy efficiency [%]
Drying Unit 22.1 22.4

ORC-1 10.66 40.1

ORC-2 10.92 86.8
Cooling Unit COP 3.64 253

In terms of thermodynamics, the results of the called ORC-1 and ORC-2 have energy efficiency of
calculations in table 1, table 2, table 3 and table 4  10.66% and 10.92% respectively, but the exergy
are as follows: The drying unit uses 22.1% of the efficiency of ORC-2 increases to 86.8%. The
energy effectively, while its exergy efficiency is cooling system has a COP value of 3.64 and an
22.4%. Moreover, Organic Rankine Cycle systems exergy efficiency of 25.3%.

Exergy Efficiency Energy Efficiency

a) Exergy efficiency b) Energy efficiency

Figure 7. Comparative results of a) exergy efficiency and b) energy efficiency analysis results calculated
for ORC-1 and estimated values as a result of the fuzzy model

Comparative results of the calculated exergy and the Figure 7. Accordingly, exergy efficiency was
energy analysis results for ORC-1 and the predicted  estimated at 99.38% and energy efficiency was
values as a result of the fuzzy model are shown in  estimated at 97.33%.
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Figure 8. Comparative results of a) exergy efficiency and b) energy efficiency analysis results calculated
for ORC-2 and estimated values as a result of the fuzzy model

Comparative results of the calculated exergy and
energy analysis results for ORC-2 and the predicted
values as a result of the fuzzy model are shown in

Mass
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a) Amount of refrigerant

the Figure 8. Accordingly, exergy efficiency was
estimated at 98.66% and energy efficiency was
estimated at 99.42%.

cop
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y=-0,0216x + 6,2047
R?=0,9803

2 3 45 6 7 8

9 10 11 12 13 14 15 16 17 18 19 20

~&— Calculated COP
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Figure 9. Comparative results of a) refrigerant amount and b) COP results calculated for the cooling
system and the estimated values as a result of the fuzzy model

Comparative results of the calculated refrigerant
amount and Coefficient of Performance results for
cooling and the predicted values as a result of the
fuzzy model are shown in the figure 9. Accordingly,
the refrigerant amount was estimated at 97.7% and
COP was estimated at 98.03%.
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4. CONCLUSION

In this study, an integrated system has been
designed for a drying unit that utilizes renewable
energy sources as the required energy. The energy
and exergy efficiencies of the sub-cycles of the
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integrated system have been thoroughly analyzed
using fuzzy logic methods. The obtained results
provide an important roadmap for enhancing the
performance of energy systems and utilizing
resources more efficiently. This work contributes to
the more effective use of these analyses to achieve
sustainable energy efficiency and environmental
conservation goals. In this context, the results
obtained for the designed system are as follows:

* Result of thermodynamic calculations: The
drying unit uses 22.1% energy effectively,
while its exergy efficiency is 22.4%.
Moreover, Organic Rankine Cycle systems
called ORC-1 and ORC-2 have energy
efficiency of 10.66% and 10.92%
respectively, but the exergy efficiency of
ORC-2 increases to 86.8%. The cooling
system has a COP value of 3.64 and an exergy
efficiency of 25.3%.

Fuzzy logic method results: exergy efficiency
for ORC-1 was estimated at 99.38% and
energy efficiency was estimated at 97.33%.
For ORC-2, exergy efficiency was estimated
at 98.66% and energy efficiency was
estimated at 99.42%. The amount of
refrigerant for the cooling system was
estimated at 97.7% and COP was estimated at
98.03%.

Today, energy and exergy analyzes have become
essential tools to provide effective solutions to
important engineering and environmental problems
such as sustainable energy use and environmental
protection. In order to make the results of these
analyzes more precise and efficient, modern
calculation methods such as fuzzy logic are
successfully used. In this article, in the integrated
system designed in thermodynamic calculations; By
examining a wide range of applications ranging
from Organic Rankine Cycle systems, cooling
systems and drying units, the use of fuzzy logic in
energy and exergy analyzes has been contributed.
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Abstract

Aluminum, has a wide range of uses, from industry to medical industrial products such as automotive,
defense-aviation, and space. Aluminium has become a preferred material in applications where weight
needs to be reduced. It is also used as a material in metal cladding and shaping applications. However, the
high thermal conductivity coefficient of aluminum may cause some difficulties in the production process.
These difficulties due to thermal conductivity may not allow to manufacture of desired products. In this
study formability of aluminum with vaporizing foil actuator welding (VFAW) has been investigated as an
alternative process to the traditional and solid state welding processes. By using different voltage values
and separation distance parameters, the effects of these parameters on the formability of aluminum and
copper sheet metal pairs with VFAW were examined experimentally. Experimental data show that voltage
value is an important parameter in the VFAW process where a DC capacitor is used. In the VFAW process,
where a 375 V voltage value is used, it has been determined that welding occurs in processes performed
with three different separation distances (0.4 mm- 0.9 mm -1.5 mm). It was determined that 0.4 mm and
0.9 mm separation distances were effective in joining Al/Cu metal sheets with 0.1 mm thickness.

Keywords: Solid state welding, Vaporizing foil actuator welding, Aluminum, Sheet metal forming
Buharlastirilmis Folyo Aktiiator Kaynagi ile Aliminyum Sekillendirme
Oz

Endiistrinin vazgegilmez malzemelerinden olan aliiminyum, otomotiv, savunma-havacilik ve uzay
endiistrisinden medikal endiistriyel iiriinlere kadar ¢ok genis bir kullanim alanina sahiptir. Ozellikle parga
agirhiginin azaltilmasi gereken uygulamalarda ihtiyag duyulan bir malzeme konumuna gelmistir. Ayrica
metal giydirme, sekillendirme uygulamalarinda yapisal bilesen olarak da kullanilmaktadir. Ancak
aliminyumun yiiksek 1s1 iletim katsayisi, iiretim siirecinde bazi zorluklara neden olabilmektedir.
Geleneksel imalat teknikleri, 6zellikle bu termal sorun nedeniyle saglikli iiriin elde etmekte zorluklar
yasanmasina sebep olmaktadir. Bu ¢aligmada, hem geleneksel hem de kati hal kaynak ydontemlerine
alternatif olarak folyo buharlastirma teknigi (VFAW) ile aliminyumun sekillendirilebilirligi incelenmistir.

*Sorumlu yazar (Corresponding Author): Ganime Tugba ONDER, gercoskun@cu.edu.tr
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Farkl gerilim degerleri ve durdurma mesafesi parametreleri kullanilarak, bu parametrelerin aliiminyum ve
bakir sac metal ¢iftinin VFAW ile sekillendirilebilirligi {izerine etkileri deneysel olarak incelenmistir.
Deneysel veriler DC kapasitorlerin kullanildigt kaynak yonteminde, gerilim degerinin 6nemli bir parametre
oldugunu gostermektedir. 375 V gerilim degerinin kullanildigi VFAW prosesinde ii¢ farkli ayirma mesafesi
ile gergeklestirilen islemlerde (0.4 — 0.9 — 1.5 mm) kaynak olusumunun gergeklestigi tespit edilmistir. 0.1
mm kalinliga sahip Al/Cu sac metal levhalarin birlestirilmesinde 0.4 mm ve 0.9 mm ayrilma mesafesinin

etkili oldugu belirlenmistir.

Anahtar Kelimeler: Kat1 hal kaynagi, Buharlastirilmig folyo aktiiator kaynagi, Aliiminyum, Sac metal

sekillendirme

1. INTRODUCTION

In the USA, the Corporate Average Fuel Economy
(CAFE) standards, which aim to improve the fuel
economy of passenger cars and light goods vehicles
(such as pickup trucks, minibuses, and panel vans),
started to be implemented, in 1975. In this direction,
significant incentives were provided for the use of
lightweight materials [1,2]. In addition, an
orientation was provided to the materials and
manufacturing sector for the development of
various products and technologies to increase fuel
efficiency in different ways. Studies have come to
the fore to ensure the balance of size, weight, and
power in vehicles [3-9]. Aluminum and magnesium
alloys, advanced high-strength steels (AHSS),
fiber-reinforced polymer composites (including
carbon and glass fibers), and advanced polymers
(without fiber reinforcement) are currently the most
effective material groups for reducing vehicle
weight. For each material to enter the industrial
market, there are important technical barriers such
as performance, manufacturability, cost, and
modeling [1].

Conventional cars are mostly made of steel, but
their weight can be reduced by using materials that
provide better strength-to-weight ratios such as
aluminum or magnesium in a direct or combination
construction [4,5]. Aluminum is among the most
important non-ferrous materials and has a density of
2.69 g/cm’, almost one-third of the density of steel
(7.83 g/em?), making it possible to manufacture
lightweight cars based on aluminum [5,9,10]. In
addition, lightweight materials have an effective
place in the manufacturing world, as they require
very little energy and raw materials in their
manufacture.
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Sheet metal forming is among the important
manufacturing technologies for large industry
applications such as aerospace, and automotive [6].
Aluminum is one of the ideal materials for sheet
metal forming. However, aluminum is very
susceptible to melting problems, including the
annealing stage, since it does not give a signal such
as a color change before melting in heat shaping.
Today, extrusion, rolling, and casting processes are
used to shape aluminum, so aluminum is converted
into various semi-products and products [7,8]. The
extrusion process causes damage to both the
material and the molds due to compression forces,
and sometimes due to thermal reasons. The rolling
process, technically, applies direct pressure to the
material surface. During casting processes, air holes
are formed due to material flow and porosity is the
most common defect in parts cast from aluminum
alloys. In addition, during the casting process, self-
withdrawal, that is, size variations, occurs during
solidification. =~ With  current  manufacturing
technologies, these production problems create
difficulties in obtaining healthy products [11].

Vaporizing foil actuator welding (VFAW) is a pulse
welding technology applied wunder similar
conditions to explosion welding (EXW) and
magnetic pulse welding (MPW) [4,12-14]. In
VFAW, the drive mechanism is a wire or foil
material. In this respect, it differs from other pulse
welding methods driven by an explosive or
electromagnetic coil [4,15,16]. Forming, cutting,
powder compacting and welding applications have
different application requirements. Basically, the
actuator foil, target, flying metal materials, and a
standoff plate separating these materials, are
sandwiched between fixtures (Figure 1) [17,18].
VFAW, which is the same as EXW with this layout,
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gains superiority in that it does not require a
chemical explosive and can be carried out in
laboratory conditions.

Fixture |
Target Plate -~
Standoff Distance
Flyer Plate

Foil Actuator —<"

Fixture

Figure 1. Vfaw general application scheme

Among the methods used today to join similar or
different sheet metals, friction-based welding,
impact welding, and roll bonding are the three solid-
state welding methods [19]. VFAW technique is a
rival technology to MPW [13].

This study aims to apply a new solid-state welding
technique, VFAW [12], especially for forming and
welding different metal sheets. For this purpose, it
is aimed to create a mechanical locking between
aluminum and copper with the experimental setup
manufactured. In the study, four different voltages
and three different standoff distance values were
used through the VFAW process, and the
formability of these parameters of aluminum sheet
metal was evaluated with the results of sem analysis
with the experiments carried out. In the literature,
visual tests are commonly used to evaluate the
joining process, and mechanical tests are used for
strength [12,13,20,21].

2. MATERIAL AND METHOD

In this study, aluminum (Al) and copper (Cu), two
different materials in terms of chemical and
physical properties, were combined with a low-cost
VFAW prototype manufactured by us. In this study,
aluminum (Al) and copper (Cu), two different
materials in terms of chemical and physical
properties, were combined with a low-cost VFAW
prototype manufactured by us. The experimental
setup was created by the general application scheme
[12] of VFAW technology. Unlike the literature,
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DC capacitors instead of AC capacitors are chosen
to store energy. The aim here is to create an
alternative to the classical application for the
efficient use of energy.

For the experiments, an aluminum alloy (AA) sheet
measuring 50 mm x 50 mm x 0.1 mm was used as a
flyer, and a pure copper plate measuring
50 mm x 50 mm x 0.1 mm was used as a target
(Table 1). The foil actuator is the most important
element for this joining method. Actuator
dimensions and design should serve to ensure
joining. The actuator designed and used here is an
aluminum foil of 0.1 mm thickness and has a
10 mm x 50 mm wide impact area. In Figure 2, the
geometric shape of the foil actuator is depicted,
while Table 2 provides the chemical properties of
the aluminum material utilized as both the foil and
the flyer. The wide sides (30 mm) in Figure 2, while
providing the connection with the copper terminal,
the narrowing middle section is called the active
zone and geometrically helps the electrical
discharge to occur in the area we want. The active
zone is evaporated during the experiments.

- 100 __]

fixture
30

P active zone

i <

Figure 2. Actuator foil

In the manufactured VFAW process, the capacitor
bank is built with direct current (DC) capacitors
with a total capacitance of 10.000 pF, a short-circuit
current rise time of 6.55 ps, an inductance of 20 nH,
a resistance of 10 mQ, 1.01 kJ max charging energy
and 450 V max charging capacity (Table 3).
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Table 1. Mechanical properties

Material name Thickness | Elongation Yield strength Tensile strength Density
mm % MPa MPa g/cm’
Aluminum 0.1 4.4 365 233 2800
Copper 0.1 5 250 295 89100
Table 2. AA chemical composition
Elements Si Fe Cu Mn Mg Cr Ni Zn Ti B
Contents (%) | 0.238 | 1.082 | 0.0015 | 0.0066 | 0.0013 | 0.0018 | 0.0026 | 0.021 0.012 | 0.0016
Elements Be Bi Ba Cd Ga Na v Zr As Al
Contents (%) |0.00004| 0.0026 | 0.00010 | 0,0007 | 0,010 | 0,0005 | 0,0088 | 0,0023 | 0,0087 | 98,59

For capacitors, the short-circuit current rise time is
the time it takes for the current in the circuit to rise
from zero to its first peak. A shorter current rise
time means a higher current is reached sooner.
Welding speed is an important privilege for welding
technologies. The short-circuit current rise time (t)
for a capacitor can be quickly estimated by the
following Equation 1 [21]. Here R is the internal
resistance of the circuit, L is the internal inductance
and C is the capacitance.

a2 ()

The energy stored in the capacitors, and the
maximum amount of energy, can be calculated with
the formula Equation 2. Here E is the discharge
energy, C is the capacitance, and V is the input
voltage [22].

-1

M

E=3 CV2(2)

After the actuator is insulated with insulating tape,
it is fixed on both sides of the copper terminals in
contact with the capacitors. Here, attention has been
paid to the terminal-fixture-welding metals-actuator

Table 3. Capacitor specifications

surfaces that should be conductive and insulating.
Metals should not contact each other at unwanted
points. Figure 3, shows how the fixture, copper
terminals, and aluminum foil are placed. At the
same time, the location of the weld metals can be
seen in this figure. The aluminum foil is positioned
under the flyer plate, which is the primary weld
metal. Standoff distance is a gap that separates two
weld metals and is formed with a PVC material.
Two standoffs are used on the right and left of the
foil. The target plate, which is the second weld
metal, is placed on this standoff material. The stack
created parallel to each other should be fixed
between the fixtures.

The copper terminals are in connection with the
capacitor bank at one end and the pneumatic switch
at the other end. System components are presented
in Figure 4. Pneumatic switch 1 is used to perform
controlled discharge with remote control.
Pneumatic switch 2 is used to ground the residual
voltage value in the capacitors and thus protect both
the system and the environment. The voltage values
can be adjusted using a power unit. The alternating
current is converted to direct current with the power
unit, and charged to the capacitors via cables.

R L C Nominal short circuit Max Max
. ) o charge charge
Capacitor Impedance Internal Capacitance current rise time volta
. ge energy
Q) inductance (H) (F) (ns) (kV) (k)
0.01 0.00000002 0.010 6.55 0.045 1.0125
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Figure 3. Fixture and actuator foil placement

COMPRESSOR

0

swicH (q)

Figure 4. System components

In the experimental study, to examine the
formability of the sheet metal with the VFAW
method, some of the input values were kept constant
in the experiments in which the "0.1 mm model 1
AA actuator foil" was evaporated. While keeping a
constant 15 mm lateral distance, 6 kJ input energy,
weld metals, and thicknesses, three different
(0.4 -0.9-1.5 mm) standoff distances, four different

standoff

] lateral distance

(in the range of 350—425 V) voltage values were
determined as variable (Table 4).

The lateral distance is the horizontal distance
between two standoff materials (Figure 5). While
creating this distance, it is ensured that it is larger
than the width of the actuator foil, which is
10 mm.

J

actuator foil

I

standoff

Figure 5. Lateral distance
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Table 4. Experiment input parameters

Stand-off Lateral Flyer Tarect plate Input Input
Experiment Actuator distance distance plate (gmrrf)) Voltage energy
(mm) (mm) (mm) (Volt) J)
1.1 350
1.2 375
0.4
1.3 400
1.4 425
2.1 350
22 Model 1 AA Cu 375
0.9 15 6
23 0.lmm AA 0.1 0.1 400
24 425
3.1 350
32 375
33 1.5 400
34 425

3. RESULTS AND DISCUSSION

Traditional methods used when joining sheet
metals, folding/tab-joint, pulling and pressing of a
rivet, self-clinching, screw joint, and welding joints
are countable [19]. With VFAW, a new joining
technology, sheet metals can be shaped. This
situation has been demonstrated in many studies in
the literature for many materials and material
combinations such as aluminum and its alloys,
magnesium and its alloys, steel, and titanium [4,23-
26]. In the present study, a combination of copper
and aluminum has been created.

In VFAW, the heat generated during the process is
very low, so thermal deformation does not occur in
the joint area and therefore the metals. In this way,
the base metal properties of the weld zone are
preserved [27,31]. In addition, many studies are
showing that the VFAW technique is a cost-
effective and high-performance welding method
[28-30]. In our study, what are the ideal joining
conditions with VFAW for the Al/Cu material pair
were investigated. System components for the
designed VFAW prototype have been kept as
simple and accessible as possible.

Table 5 is a list of outputs from the experiments.
Here "input voltage" is the voltage value at which
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capacitors are charged, "residual voltage" is the
voltage measured across capacitors after discharge
has taken place. In the experiments, according to the
same input voltage values, an average of 109 V for
0.4 mm standoff distance value, 161 V average for
0.9 mm standoff distance, quality connections are
provided at 180 V values for 1.5 mm standoff
distance. In addition, when all the test results were
examined, it was seen that the voltage value
between 100 V and 185 V was spent with DC
capacitors with 6 kJ input energy to combine Al/Cu
materials and it was sufficient for welding. In
addition, in the data obtained, It was observed that
the increase in voltage increased with increasing
distance. The metals needed more voltage to make
contact with each other as the distance increased.
The values used at a distance of 1.5 mm are the
highest voltage values.

In Figure 6, scanning electron microscopy (SEM)
images of bonding surfaces for aluminum and
copper weld metals obtained with VFAW are given.
In this study, SEM images were imaged without
sectioning. When the images are examined, It is
observed that the so-called "mechanical locking"
[14,32] welding occurs between the weld metals.
However, to characterize the obtained bond
strengths, cross-section images should be examined
and searched for more regular couplings with
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different input energies. The materials to be joined
for VFAW are in the first installation position, They
are separated by a standoff distance between the
flyer and the target plate to provide the necessary
flyer acceleration [33]. In the study, when the
images and input parameters are examined to
determine the appropriate "standoff distance".

At 0.4 mm standoff distance, while creating an ideal
welding image at 350 V-375 V-400 V values
(Figure 6a,b,c), a connection was formed at 425 V
values (Figure 6d), but melting was observed in
places. Pulse welding processes do not require
heating and melting events, melting and formation
of brittle intermetallic compounds (IMC) can be
largely avoided if appropriate welding parameters
are provided [33,34]. IMCs e cause the weld metal
to have poor mechanical properties (tensile,

Table 5. Experiment outputs

Ganime Tugba ONDER, Mustafa Kemal KULEKCI

ductility, fracture toughness, fatigue strength,
fracture) [37]. For this reason, welding methods that
prevent the formation of IMC during welding are of
great importance. The gas that expands as a result
of the rapid evaporation of the foil creates a driving
force for the flyer to be thrown toward the target
[12]. The excessive kinetic energy of the flyer
results in melting and continuous intermetallics at
the weld interface [12,14]. This indicates that there
is an upper limit for kinetic energy. Optimum
conditions for welding should be investigated for
each material separately. For this, there are studies
in the literature that created a limit map called
"weldability window" [14,35,36]. Welding can only
take place when the parameters are in the
appropriate welding range. The study was created
in this direction.

Input Residual Used
Experiment voltage voltage Condition

(Volf) (Volf) voltage (Volt)

1.1 350 250 100 Optimal

1.2 375 268 107 Optimal

1.3 400 280 120 Optimal

1.4 425 302 123 Irregular connection

2.1 350 240 110 No Welding

22 375 253 122 Optimal

1.3 400 222 178 Optimal

1.4 425 240 185 Optimal

3.1 350 183 167 No Welding

3.2 375 195 180 Optimal

33 400 210 190 Irregular connection

34 425 232 193 Irregular connection

At 0.9 mm standoff distance, 350 V sufficient and
smooth coupling could not be formed (Figure 6f),
the ideal connection was formed at
375 V-400 V-425 V values (Figure 6g,h,1). 350 V
and 0.9 mm could not provide jet formation
together. Jet is one of the basic criteria required for
the formation of the source [14,27,34,36], and
rather than being a stand-alone criterion, it emerges
when optimum conditions are met with other entry
conditions. At a 1.5 mm standoff distance, the
distance between 350 V and metals could not create

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023

sufficient bonding (Figure 6i), the ideal connection
was provided at 375 V (Figure 6j), and the
connection was formed at 400 V and 425 V voltage
values (Figure 6k,m), but a regular surface shape
and contact along the entire surface could not be
achieved. Close contact is required for weld
formation [27]. To achieve this close contact, the
1.5 mm distance contributed little to jet generation
compared to the 0.4 and 0.9 mm separation
distances.
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Standoff Distance (mm)

Voltage (V)

350

400

0,9 1,5

Figure 6. SE micrograph showing pulsed welding of 0.1lmm Al-0.lmm Cu weld sample by VFAW

method at different voltages and standoff distances of VFAW

4. CONCLUSION

VFAW is a new and developing welding
technology for the manufacturing world. Due to its
structure, it has an important place because it is
safer and easier to use compared to explosion
welding, it has high performance especially when
working with small and thin parts, there is no heat-
affected welding zone and IMC formation is
minimal.
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In the study, VFAW has successfully resulted in the
forming of aluminum and copper sheet metals. For
this study, a welding prototype was created, using
DC capacitors, unlike the literature, the ability of
VFAW to combine thin metals with different
properties such as Al/Cu was demonstrated. In
metals, with the characterization of process
parameters, VFAW technology will inevitably
reach an important point in the manufacturing
industry. The study is expected to be useful in
situations where vehicle weight reduction is
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required and especially in applications where
aluminum is required to combine with different
metals. The success of this study serves as a guide
for future studies on the VFAW shaping of several
different metals and the characterization of process
parameters.

In the method, 6 kJ input energy was created with
10.0000 pF / 450V / DC capacitors, three different
(0.4-0.9-1.5 mm) standoff distances, and four
different (350, 375, 400, 425 V) voltage values were
used. The results obtained are as follows:

* Good microstructures and mechanical

connections were obtained in VFAW
formation utilizing the prototype
manufactured using Al/Cu welding and DC
capacitors.

* It has been shown that VFAW is affected by
input parameters.
When the effects of the voltage parameter on
the formability of the sheet metal were
examined, it was observed that the 375 V
voltage value supported the weld formation at
three different separation distances. It has been
revealed that the voltage value is an important
parameter in creating the most suitable
welding conditions.

* When the effects of the standoff distance
parameter on the formability of the sheet metal
are examined, by staggering the standoff
distance-tension value together, it has been
observed that 0.4 mm and 0.9 mm standoff
distance, together with a voltage value of 375-
400 V, are efficient for joining Al/Cu metals
with a wall thickness of 0.1 mm. The 1.5 mm
standoff distance could not create enough jets
for these metals.
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Abstract

The conveyor line that carries raw materials from storage area to inside of a facility is the main vessel of a
coal power plant. Therefore, this critical line should be designed by considering the many loads likely to
be exposed in the field in order for the plant to operate uninterruptedly. In this study, seismic behaviour of
a construction of a conveyor line was investigated by using Finite Element Analysis. The structure of coal
carrier conveyor line of a coal power plant, operating in Adana, Tiirkiye was considered as a case study. In
the study, the parts of the conveyor line were modelled as 1-D. The modified acceleration history of Golcuk-
1999 earthquake was applied on the structure on lateral direction. The results showed that the maximum
stress is slightly higher than the elastic limit of the steel and less than the ultimate strength. Although the
construction of the conveyor line withstands the applied loads, modification should be carried out to prevent
the damage on the construction.

Keywords: Seismic behaviour, Earthquake, Finite element analysis, Power plant, Conveyor line
Bir Kémiir Santrali Konveyér Hattimin Sismik Davramsinin incelenmesi
Oz

Hammaddeleri depolama alanindan tesis i¢ine tagiyan konveyor hatti, bir komiir santralinin ana damaridir.
Bu nedenle kritik dneme sahip bu hat, santralin kesintisiz calisabilmesi i¢in sahada maruz kalmasi
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muhtemel birgok yiik dikkate alinarak tasarlanmalidir. Bu ¢aligmada, bir konveyor hatti konstriiksiyonunun
sismik davranist Sonlu Eleman Analizi kullanilarak incelenmistir. Tiirkiye, Adana'da faaliyet gosteren bir
komiirlii termik santralinin kdmiir tastyict konveydr hattinin yapist 6rnek olay olarak ele almmustir.
Calismada, konveydr hattinin parcalari 1-B olarak modellenmistir. Golciik-1999 depreminin ivme gegmisi
degistirilerek yapiya yanal yonden uygulanmigtir. Sonuglara gére maksimum gerilmenin ¢eligin elastik
siirindan biraz daha yiiksek ve nihai dayanimdan daha diisiik oldugunu géstermistir. Konveyor hattinin
konstriikksiyonu uygulanan yiiklere dayanmasina ragmen konstrilkksiyona zarar vermemek igin
modifikasyon yapilmalidir.

Anahtar Kelimeler: Sismik davranis, Deprem, Sonlu elemanlar analizi, Enerji santrali, Konveyor hatti

1. INTRODUCTION

Every year, approximately 500.000 detectable
earthquakes, which 100.000 of them can be felt by
human, is located around the globe [1]. Large-scale
natural disasters such as earthquakes are frequently
occurred in many regions of Turkey as well. Post-
earthquake damages of power plants have posed an
increasing concern by engineers since the power
supply to damaged settlement by earthquakes is
crucial for rescue works and aids.

The main active tectonic feature of Adana Basin is
the left lateral of Toprakkale and Yumurtalik faults
[2]. The coal power plant is located approximately
10 km from the centre of Yumurtalik-Sug6zii town
of Adana Province.

Earthquakes are a frequent natural disaster that
poses a significant threat to infrastructure, including
power plants. Therefore, in the present study, the
seismic behaviour of a steel constructed coal
conveyor line of a coal power plant was investigated
as a case study.

In previous studies, Weng et. al., studied on system
identification method for material constitutive
nonlinear structures subject to unknown input
earthquake excitation [3]. In the study, they
modelled the nonlinear fiber beam-column model,
and the input earthquake is parametrized by
Chebyshev orthogonal polynomials and they
optimized the process. As a result, the proposed
model recognized the earthquake input and
sensitivity analysis to accelerate optimization.

1006

Mazzieri et. al., performed the case study of the
Tahtali dam in izmir earthquake 2020 [4]. They
considered an abstract mathematical, three
dimensional, elasto-acoustic coupled wave-
propagation model. Ansys software program is
commonly used by researchers for seismic analysis.
Yan et. al., performed the program to investigate the
structural dynamics of 10 MW offshore wind
turbines with monopile, tripod and jacket
substructures [5]. They resulted that the tower top
displacement is the most with monopile, followed
with jacket and tripod, respectively under 7
measured on a Richter scale earthquake and
compared to monopile, the maximum stresses of the
jacket and tripod are 5.7 and 2.3 times, respectively
whereas the average stress is 0.74 and 0.56 times,
respectively. Xungiang et. al., developed a method
and implemented in the ANSYS Release 11.0
software program [6]. They developed the method
for nonlinear seismic analysis of large 3-D
structures which are rises on unbounded visco-
elastic soil. For a broad frequency range, better
convergence during the extraction process and
convenient modelling of bounded soil without
selecting a particular artificial damping was assured
with the formulations. Das et. al., investigated
damping effectiveness of installed deep liquid tanks
on the roof of asymmetric high-rise buildings on
controlling the seismic response [7]. In the study
they coupled Fluent and Mechanical solvers in
ANSYS software program. According to their
findings, response is 79.37% reduced with
traditional tuned liquid dampers, whereas the tuned
mass damper 100% reduction. They recommended
that eccentrically placed deep liquid tanks may
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provide better control in L-shaped high-rise
buildings. Yang et. al., 2023 studied on the seismic
performance of height-to-diameter ratios, storage
categories, and site soil categories of column-
bearing concrete vertical silos [8]. They modelled
the silos using ANSYS Workbench and found out
that the seismic performance of the building
increased with the fibers in concrete.

Morelli et. al., investigated the impact of retrofitting
an existing industrial steel building using the steel
self-centering device (SSCD) on the global seismic
response. A parametric analysis is conducted to
emphasize the effect of various parameters defining
the device's hysteresis cycle on the overall
behaviour of the structure. The structure's
performance is primarily assessed based on three
parameters: maximum displacements, residual
displacements, and the seismic energy absorbed by
the structure. The results obtained underscore the
effectiveness of SSCDs in enhancing the seismic
performance of the building and increasing its
resilience by reducing residual displacements [9].

Li et. al., produced three 1:2 scale steel frame
samples and tested them on a shaking table at five
different ground acceleration levels. Then, the
damage modes, dynamic responses, displacement
responses, strain responses and acceleration
responses of various steel structures with different
connection types were analysed. Experimental
results were verified using the finite element
method. This study aims to provide a guide on the
seismic design of steel frames with ductile
connections [10].

Yang et. al., emphasized in previous studies that
seismic design methods of steel silos are not
included in detail in current regulations. Therefore,
they aimed to develop a new understanding of the
interaction mechanism and response of grain cast
steel silos under earthquake loads [11].

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023

The purpose of this study is to investigate the
seismic behaviour of a coal conveyor system with a
steel structure in a coal power plant and to
understand how stress levels on this system are
related to the supporting height. The findings
highlight the importance of evaluating the seismic
performance of the conveyor system by
demonstrating that high stress levels lead to the
bending of the bridge profiles. Furthermore, the
study emphasizes the need to make infrastructure of
this kind more resilient to seismic risks and
underscores the importance of taking appropriate
measures to mitigate the potential effects of
earthquakes. This study can be considered as an
important step in understanding and improving the
seismic behaviour of critical infrastructure.

2. MATERIAL AND METHOD

Each of the steel profile of conveyor line was
prepared as 1-D and analysed in ANSYS
Workbench software program. In Figure 1, the
modelled conveyor line was shown in the field. In
the model, it was considered that there is no pre-
deformation and corroded material in the structure
of the line. The conveyor line on the field was
shown in Figure 1. The investigated part of the
conveyor line was named as shown in Figure 2.

Figure 1. The conveyor line
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-

The material of the conveyor line is SABS 1431  In the meshing operation, each of the steel profile
300WA quality steel. The chemical composition was divided into 20 elements. Thus 67264 nodes
and mechanical properties of the steel were and 34321 elements were obtained on the model.
presented in Tables 1 and 2, respectively.

Figure 2. Model of the conveyor line

* The boundary conditions and assumption of

Table 1.Chemical composition of SABS 1431 the modal is as follows (Figure 3);
300WA steel as percent * All degrees of freedom of the ground contact
alzlg|~|l»w|z|<|z|>|alz|alz points of carriers T10, T11, T12, T13, T14,
= < S IT|ET| "o T15, T16 were fixed.
* Displacement at x-, y-, and z- directions of the
clalsligliglgiglgieisialisls idle points of G6 and G12 conveyors were
assumed as 0.
* The own weight of the line (67,357 kg)
Table 2. Mechanical properties of the steel * 29,000 kg distributed weight to simulates the
Density 7850 |kg/m’ weight of parts (fasteners, tape, rollers, etc.)
Young’s modulus 200 |GPa which were not included in the model,
Poisson’s ratio 03 * 10,500 kg distributed weight to simulate coal
3<t<16 | 300 |MPa weight.
Minimum yield 16<t<40 | 300 |MPa * Earthquake acceleration from lateral direction.
strength 40<t<63 290 |MPa . .
63<t<80 | 280 |MPa Standard earth gravity and acceleration data was
50 mm 24 % gpplied on the model. The acceleration data
Elongation 200 mm 20 1% includes the most severe 6.41 seconds . long of
565 So 2 1% Gélcﬁk—.l999 (Mw=17.4) earthguakq with 0.01
Tensile strength 450 | MPa second intervals. The graph of time history data of

applied acceleration was illustrated in Figure 4.

Figure 3. Boundary conditions of the model
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{1mm

Acceleration

Figure 4. Time history of applied acceleration

3. RESULTS AND DISCUSSIONS

According to results of numerical method, stress of
all carriers is at acceptable levels. The analyses
result showed that the highest stress increased
primarily with the height of the carriers. Moreover,
the stresses that occurred in gantries also increased
with the height of the carriers. This increment may
relate with the high deformation of carriers forces
to elongate and buckling of gantries’ profiles.

Unfavourably, the stress level increases beyond the
yield strength of the material in G9 and G11. The
highest stress was occurred in G11 as 425.9 MPa.
In G9 the highest stress was 347.8 MPa. For the
other gantries, the highest stress is lower than the
yield strength of the material however, modification

Table 3. The highest stress and deformation results

should be performed on the gantries considering the
safety factor. Although it was observed that the
stresses of G12 were lower than GI11, it was
evaluated that the main reason for this may be due
to the boundary condition taken as 0 displacement
at x-, y-, and z- directions, in the connection point
of G12 to the building which is not included in the
model. It has been evaluated that the deformation
and stresses occurring in G12 may vary according
to the building oscillation, and G12 should also be
considered as risky.

The highest stress and deformation results of each
part were shown in Table 3. Moreover, in Figures 5
and 6 the stress history of G9 and G11 were
presented, respectively. The stress distribution at
3.64 seconds, when the highest stress was observed,
was shown in Figure 7.

Max. Min.
T16 Direct Stress 22.5 MPa -52.2 MPa
Minimum Combined Stress 21.8 MPa -60.8 MPa
Maximum Combined Stress 28.8 MPa -50.7 MPa
Total Deformation 1.8376 mm -
T15 Direct Stress 62.8 MPa -69.9 MPa
Minimum Combined Stress 62.5 MPa -85.8 MPa

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023
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Maximum Combined Stress 72.1 MPa -69.7 MPa
Total Deformation 6.0295 mm -

T14 Direct Stress 113.8 MPa -115.7 MPa
Minimum Combined Stress 113.5 MPa -123.7 MPa
Maximum Combined Stress 120.3 MPa -115.4 MPa
Total Deformation 18.629 mm -

T13 Direct Stress 83.4 MPa -85.0 MPa
Minimum Combined Stress 83.1 MPa -91.9 MPa
Maximum Combined Stress 88.7 MPa -84.9 MPa
Total Deformation 17.758 mm -

T12-11 Direct Stress 110.2 MPa -126.3 MPa
Minimum Combined Stress 108.8 MPa -137.9 MPa
Maximum Combined Stress 128.7 MPa -125.5 MPa
Total Deformation 51.398 mm -

T10 Direct Stress 1044 MPa -98.0 MPa
Minimum Combined Stress 103.1 MPa -109.3 MPa
Maximum Combined Stress 120.9 MPa -97.6 MPa
Total Deformation 51.398 mm -

G6 Direct Stress 86.0 MPa -52.5 MPa
Minimum Combined Stress 84.0 MPa -217.2 MPa
Maximum Combined Stress 196.5 MPa -51.09 MPa
Total Deformation 20.243 mm -

G7 Direct Stress 87.4 MPa -48.3 MPa
Minimum Combined Stress 84.7 MPa -125.4 MPa
Maximum Combined Stress 123.2 MPa -43.4 MPa
Total Deformation 20.7 mm -

GS8 Direct Stress 86.7 MPa -57.4 MPa
Minimum Combined Stress 84.2 MPa -278.5 MPa
Maximum Combined Stress 2322 MPa -56.0 MPa
Total Deformation 29.518 mm -

G9 Direct Stress 87.7 MPa -74.4 MPa
Minimum Combined Stress 85.1 MPa -347.8 MPa
Maximum Combined Stress 292.24 MPa -73.1 MPa
Total Deformation 39.27 mm -

G10 Direct Stress 91.2 MPa -76.4 MPa
Minimum Combined Stress 88.2 MPa -235.8 MPa
Maximum Combined Stress 226.1 MPa -74.6  MPa
Total Deformation 52.301 mm -

G11 Direct Stress 103.9 MPa -87.4 MPa
Minimum Combined Stress 103.0 MPa -421.9 MPa
Maximum Combined Stress 425.9 MPa -81.0 MPa
Total Deformation 76.776  mm -

G12 Direct Stress 123.3 MPa -141.5 MPa
Minimum Combined Stress 119.2 MPa -263.7 MPa
Maximum Combined Stress 248.3 MPa -139.4 MPa
Total Deformation 55.898 mm -
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Figure 7. Stress distribution
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4. CONCLUSION

In this study, seismic behaviour of a steel
constructed coal conveyor line of a coal power plant
was investigated. The results showed that the stress
levels in all carriers were increased primarily with
the height of the carriers, leading to buckling of the
gantries' profiles.

The stress level increased beyond the yield strength
of the material in G9 and G11. Additionally, stress
level of G12 should be considered as high as the
connected building model did not include in the
analysis. In other gantries, modifications should
also be considered to increase the safety factor.

The findings of this study demonstrate the need for
improvement of the conveyor line should be
evaluated. It is crucial to ensure that infrastructure
is designed and constructed to withstand the forces
generated by seismic events and to identify
potential risks and take appropriate measures to
mitigate them. In conclusion, this study highlights
the importance of understanding the seismic
behaviour of critical infrastructure and minimize
the damage and impact of earthquakes.
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Oz

Geleneksel kaziklara karsi alternatif bir temel olarak kullanimlar1 giderek artan helisel kaziklar, zemine
tork kuvveti ile dondiiriilerek yerlestirilen ¢elik temel sistemleridir. Bu ¢alismada, gevsek ve siki kumlu
zemine yerlestirilen dort farkli ¢aptaki helisel kazigin basing yiikii altindaki davranisi laboratuvar model
deneyleri ile aragtirilmistir. Ayrica her iki zemin sikiliginda diiz (helissiz) kazik i¢in deneyler yapilmustir.
Nihai yiik degerleri, literatiirdeki analitik yaklagimlarla karsilastirilmigtir. Helis ¢api artisinin kazik
kapasitesini énemli oranda artirdig1 goriilmiistiir. Ozellikle siki zeminde, diiz kazik ¢apinin (saft capi) 5,5
kat1 biiytikliigiinde helis plakasi mevcudiyetinin, nihai yiik kapasitesini yaklasik 17 kata kadar artirdig:
belirlenmistir. Siki1 zemine yerlestirilmis helisel kazigin kapasitesinde gevsek zemine kiyasla 10 kata varan
artis elde edilmistir. Analitik yaklasimin, deneyden elde edilen nihai yiik degerleriyle uyum i¢inde oldugu
goriilmiis ve ayrik tasima yonteminin ise her iki zemin sikiliginda basarili oldugu sonucuna ulasilmistir.

Anahtar Kelimeler: Helisel kazik, Basing yiikii, Kumlu zemin, Nihai yiik

Investigation of the Effect of Helix Diameter on Compression Load in Helical Piles
by Laboratory Tests

Abstract

Helical piles, which are increasingly being used as an alternative foundation to traditional piles, are steel
foundation systems that are placed on the ground by rotated with torque force. In this study, the behavior
of model helical piles with four different diameters placed in loose and dense sandy soils under compression
load has been investigated by laboratory model tests. In addition, tests have been carried out for straight
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piles (without helix) at both soil densities. The ultimate load values have been compared with analytical
approaches in the literature. It has been seen that the increase in helix diameter significantly increased the
pile capacity. It has been determined that the presence of a helix plate with a size of 5.5 times the straight
pile diameter (shaft diameter) increases the ultimate load capacity up to approximately 17 times, especially
in dense soil. An increase of up to 10 times has been achieved in the capacity of helical piles placed in
dense soil compared to loose soil. It has been seen that the analytical approach was compatible with the
ultimate load values obtained from the test, and it has been concluded that the individual bearing method

was successful in both soil densities.

Keywords: Helical pile, Compression load, Sandy soil, Ultimate load

1. GIRIS

Helisel kaziklar, kurulum ve galvaniz teknolojisinin
gelismesiyle birlikte popiilaritesi giderek artan bir
temel sistemi olarak geoteknik miihendisliginin
birgok uygulama alaninda tercih edilmektedir.
Celikten iretilen helisel kaziklar, tizerinde
cogunlukla bir veya daha fazla helis plakasi
bulunduran konik u¢ kisim ve baglanti aparatlari ile
baglanan wuzatma bdliimlerinden olugmaktadir.
Bircok zemin c¢esidi ve insaat alaninda, hemen
hemen tiim hava kosullarinda, yer altt suyunun
bulundugu ortamlarda, sinirli ve dar alanlarda,
gegici  yapilarin  desteklenmesinde,  egimli
yiizeylerde vb. ortamlarda kurulumlar1 yapilabilir.
Ayrica kurulumlarinin giiriiltiisiiz yapilabilmesi,
herhangi bir bakim ve kalip maliyetlerinin
olmamasi, birgok farkli temel sistemi ile
calisabilmesi, basing, ¢cekme ve yanal yiiklere karsi
koyabilmesi gibi bircok avantajlart mevcuttur.
Enerji yapilart (kompresor temelleri, riizgar
santralleri, glines tarlalari, trafo merkezi temelleri,
gergi kablolar1 vb.), altyap1 (demiryolu tabelalari,
zemin civilemesi, istinat yapilari, yaya kopriileri,
giivenlik bariyerleri, aydinlatma direkleri vb.),
deniz yapilari, konutlar (yeni yap1 temelleri, tarihi
yapilarin temelleri) ve sanayi yapilari gibi kullanim
alanlar1 mevcuttur [1-6].

Helisel kaziklar, gekme ve yanal gibi farkli yiiklerin
etkisi altindaki yapilara destek saglarken bir¢cok

alanda da basmng yiklerine karst yapilar
desteklemektedir. Literatiir calismalar1
incelendiginde, basing yiikiine maruz helisel

kaziklarla ile ilgili deneysel, analitik ve sayisal
analiz caligmalar1 mevcuttur. George ve arkadaslari
[7] tarafindan kohezyonsuz zemine yerlestirilen
helisel kaziklarin eksenel ¢ekme ve basing
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kapasitelerini etkileyen faktorleri incelemek igin
laboratuvar model deneyleri yapilmistir. Saft cap,
helis cap1 ve zemin sikiligr gibi parametrelerin
kazik kapasitesi lizerinde onemli bir etki yaptigi
belirlenmistir. Livneh ve El Naggar [8] tarafindan
yapilan ¢alismada arazi ortaminda ¢ekme ve basing
yiikleri altinda on dokuz adet kazik yiikleme deneyi
yapilarak helisel kaziklarin eksenel yiik tagima
kapasiteleri arastirilmigtir. Mittal ve Mukherjee [9]
yaptiklart ¢alismada kum zemine yerlestirilen

basing yiikii etkisindeki helisel kaziklarin
davranismi  deneysel ve  sayisal  olarak
incelemislerdir. GoOmiilme oran1 ve yerlesim

diizenindeki degisimlerin arastirildigi ¢aligmada,
helis sayis1 ve gOmiilme oraninin artmasiyla
kapasitenin arttigi  belirlenmistir. George ve
arkadaslar1 [10] tarafindan kum zemine gomiili
helisel kaziklarin davranigi sayisal analizlerle
parametrik olarak arastirilmistir. Zemin sikiligi ve
helis varliginin kazik kapasitesini dnemli oranda
etkiledigi, saft capmin ise helis ¢apina kiyasla
kapasite lizerinde 6nemli bir rol oynamadig tespit
edilmistir.

Basing yiikii altindaki helisel kaziklarda eksenel
tasima giicinii belirlemeye yonelik “silindirik
kayma” ve “ayrik tagima” olmak iizere iki analitik
yaklasim mevcuttur. Kaziklardaki helis plakalarinin
birbirine olan uzakliklarina ve bagimsiz veya grup
halinde caligmalarina bagli olarak bu ayrim ortaya
cikmaktadir (Sekil 1). Silindirik kayma ve ayrik
tagima yontemleri arasindaki belirleyici parametre
helis araligi olmakla birlikte birden fazla helis
plakasi bulunan helisel kaziklarda silindirik
yenilme modelinin kullanilmasi 6nerilir [11]. Sekil
la’da verilen silindirik kayma yiizeyinde olusan
kayma dayanimi ve iist helisin iizerindeki saft
dayanimi toplami, tasima giiciinii vermektedir.
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Mitsch ve Clemence [12] tarafindan kohezyonsuz
zeminler i¢in Onerilen nihai basing kapasiteleri
asagidaki esitlikte verilmistir (Esitlik 1).

QF:%EDE;/(H; —H})K, tang+y HAN, + 0

1 .
5 PHyy K, tang

Burada;

Q.= nihai basing kapasitesi, D,= ortalama helis ¢api,
y’= efektif birim hacim agirlik, Hy= en alttaki
helisin derinligi, H= en iistteki helisin derinligi, K=
yanal zemin basinct katsayisi, ¢= igsel siirtiinme
acist, H= gomiilii kazik derinligi, Ay= en alttaki
helisin net yiizey alani, Ng= tagima kapasitesi
faktorii, Pi= saft ¢evre uzunlugu, Her= efektif saft
boyu olarak ifade edilmistir.

Gomiilme orani (H/D) 5’ten az (ylizeysel durum)
ise Nasr [13] saft sirtiinmesinin  ihmal
edilebilecegini ortaya koymustur. Boylece esitlik
asagidaki gibi olmaktadir (Esitlik 2).

Qf%frw' (H; ~H} K, tang+y HAN, @

Sekil 1b’de gosterilen ayrik tagima yontemi, her bir
helis plakasinin bagimsiz davranmasi durumunu
dikkate alir. Toplam nihai kapasite, saft dayanimi
ile helis kapasitelerinin toplamindan olusmaktadir
[8,14,15].

Kohezyonsuz zeminlerde helisel kaziklarin basing
kapasitesi, ayrik tagima yontemi ile asagidaki gibi
belirlenmektedir (Esitlik 3).

0=/ H AN, + P H} 7 K 1ang &)

Burada;

Q.= nihai basing kapasitesi, y’= efektif birim hacim
agirhik, Hi= helis derinligi, Ai= helis net yiizey alani,
Ng= tagima kapasitesi faktorii, P= saft cevre
uzunlugu, Her= efektif saft boyu, K= yanal zemin
basinci katsayisi, ¢= igsel siirtiinme agist olarak
ifade edilmistir.
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Nihai basing l Nihai basing
kapasitesi kapasitesi

1

1

1L saft Saft

] dayanim dayanimi

1
1
1

¥ e 0
1 ff ? Helis plakast
Silindirik kayma tasima dayanimi

i
Helis % ;F
araligl, s 1 §r dayanimi
y 3
. +
M Helis plakas1 ve m Helis plakas1 ve
kazik ucu kazik ucu
—>| d'q— tagima dayanimi —>|d|<— tagima dayanimi
Saft cap Saft ¢ap1
(a) (b)

Sekil 1. Helisel kazik i¢in Onerilen analitik
yaklagimlar (a) Silindirik kayma (b) Ayrik
tagima [16]

George ve arkadaglar1 [7] tarafindan yapilan
calismada bir kazigin nihai kapasitesinin genel
olarak zemin tipine, kazik boyutuna ve kazik
kurulum yo6ntemine bagli oldugu ifade edilmistir.
Bu amagla tasima kapasitesi faktorlerinin (Ng ve Ny)
0,7Rq ve 0,55R, azaltma faktorleri ile (%30 ve %45
azalma oldugu varsayimi) carpilmasi sayesinde
kurulum  yonteminin  etkisi ~ formiilasyona
yansitilmistir.  Elsherbiny ve EI Naggar [17]
tarafindan yapilan ¢alismada da benzer bir tagima
kapasitesi azaltma faktorii (R) kullanilarak kum
zemindeki helisel kaziklar igin ayrik tagima
yontemi Onerilmistir. Bu ¢aligmada ayrik tagima
yontemi igin Ng degerleri 0,7R, azaltma faktorii ile
carpilarak hesaplamalar yapilmistir. Azaltma
faktorii eklenmis haliyle esitlik, asagidaki gibi
olmustur (Esitlik 4).

. 1 ,
O.=yHANR, +ERH§_//7Kv tan ¢ “

Bu calismada, siki ve gevsek kumlu zemine
yerlestirilen diiz (helissiz) ve dort farkli ¢aptaki
helisel kaziklarin basmg yiiklemesi altindaki
davranislari incelenmistir. Saft capt d=22 mm olan
diiz ve helis ¢gap1 D=60-80-100-120 mm olan helisel
kaziklar kullanilarak on adet model deney
yapilmistir. Deney sonuglart literatiirde sunulan iki
farkli analitik yaklasim (silindirik ve ayrik) ile
degerlendirilmistir.
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2. MATERYAL VE METOT

Deneysel calismalar, Iskenderun Teknik
Universitesi Miihendislik ve Doga Bilimleri
Fakiiltesi Insaat Miihendisligi Bolimii

Geoteknik Laboratuvari’nda yapilmistir. Deneyler,
1500 mmx1200 mmx1000 mm (uzunlukxgenislik
xylikseklik) boyutlarinda olan dikdortgen kesitli
kasa igerisinde gergeklestirilmistir (Sekil 2).

Sekil 2. Deney kasasi

Calismada kullanilan kum zemin, tas ocagindan
alinarak ve laboratuvarda ozel elek sistemi ile 0,18
mm-2,00 mm arasinda elenerek elde edilmistir.
Zemine ait elek analizi ve mukavemet parametre
sonuglar1 Cizelge 1°de sunulmustur.

Cizelge 1. Deney kumunun miihendislik 6zellikleri

Parametre Deger
Dy (mm) 0,26
D3 (mm) 0,44
Do (mm) 0,78
Uniformluk katsayisi, Cy 2,97
Siireklilik katsayisi, C; 0,96
Ozgiil agirlik, G 2,72
Maksimum kuru birim hacim agirlik, 1.68
Yikmaks (51K1) (gr/cm®) ’
Minimum kuru birim hacim agirlik, 155
Yimin (gevsek) (gr/cm’) ’
Igsel siirtiinme agis1, ¢ (sik1) (°) 41-44
Icsel siirtiinme acisi, ¢ (gevsek) (°) 30-32
Zemin sinifi (USCS) SP

Deneyler siki ve gevsek zemin sikiliklarinda
gergeklestirilmistir. Zemin igerisine yerlestirilen
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helisel kaziklar gelik malzemeden {iiretilmis, saft ve
helis plakast olmak iizere iki parcadan meydana
gelmigtir. d=22 mm sabit saft capinda ve
D=60-80-100-120 mm farkli helis ¢aplarinda
kaziklar kullanilmistir. Deneylerde, yik ve
deplasman verileri sirasiyla 2 ton kapasiteli S-tipi
yiik 6lger ile 10 mm ve 200 mm’ye kadar deplasman
Olgebilen iki farkli deplasman olger kullanilarak
elde edilmistir. Kum zemin, 6zel aktarma diizenegi
vasitastyla deney kasasina aktarilmigtir. Zemin
aktarma diizenegi, deneysel calismalar sirasinda
deney kasasina yakin yerdeki hazneden zemin
malzemesinin alinarak deney kasasina homojen
bicimde aktarilmasi ve is giicii agisindan kolaylik
saglanmasi i¢in tasarlanmistir. Diizenegin {ist
kisminda 50 d/dk. hizda donme yapabilen elektrik
motoru yer almaktadir. Motorun devaminda 25 cm
capinda 45° egimli, zemini aktarmaya yarayan
helezonlu ¢elik boru mevcuttur. Borunun alt
kisminda ise zemini helezonlu sisteme iletmesi igin
25° egimli bir hazne bulunmaktadir (Sekil 3).

Sekil 3. Zemin aktarma diizenegi

Siki zemin 06zel olarak imal edilen kompaktor
kullanilarak, gevsek zemin ise yagmurlama
teknigiyle goz agikligi 5 mmx5 mm boyutlarinda
elek kullanilarak hazirlanmistir. Deney kasasina
yerlestirilen zeminin diizglinligii su terazisi ile
kontrol edildikten sonra kaziklar helisel kazik tork
motoru montaj diizenegi yardimryla dondiiriilerek
zemine yerlestirilmistir. Helisel kaziklarin zemine
kurulumundan sonra yiik hiicresi helisel kazik
iizerindeki u¢ kisma girecek sekilde, deplasman
Olgerler ise yiikiin uygulandigi eksenin her iki
tarafina yerlestirilerek yiik-deplasman iligkileri
incelenmigtir. Deney diizeneginin  goriinimii
Sekil 4’te, kazik geometrisi ve deney planina ait
bilgiler ise Sekil 5 ve Cizelge 2°de verilmistir.
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W-120m W=1,20m

1. Reaksiyon kirisi 5. Deney kasasi 9. Tork motoru

2. Mekanik kiris 6. Celik plaka 10. Tork kontrol tinitesi
3. Yiik 6lger 7. Cam plaka 11. Helisel kazik

4. Deplasman dlger 8. Celik profil

Sekil 4. Deney diizeneginin genel gdriiniimii

Basing
yiiki
A
Gomiili kazik|
uzunlugu, L
Helig ¢ap1, D
b= P Helis
i T yiiksekligi
—>d|e
Saft ¢ap1

Sekil 5. Helisel kazik kesiti

Cizelge 2. Laboratuvar model deneyleri

Zemin Deney Helis ¢apa,

sikihigi kodu D (mm)
LBSD-1 -
LBSD-2 60

Sik1 LBSD-3 80

LBSD-4 100
LBSD-5 120
LBGD-1 -
LBGD-2 60

Gevsek LBGD-3 80
LBGD-4 100
LBGD-5 120

LBSD : Laboratuvar-Basing-Siki-Deney
LBGD: Laboratuvar-Basing-Gevsek-Deney
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3. BULGULAR VE TARTISMA

Kaziklarin eksenel basing kapasitelerini belirlemek
icin kazik yiikleme deneyi sonucunda elde edilen
yiik-deplasman egrilerinden yararlanilan; Davisson
goeme kriteri [18], Brinch Hansen yontemi [19],
L1-L2 yontemi, FHWA (%5D) yontemi [20] ve
ISSMFE (%10D) [21] yontemi gibi kapasite tespit
yontemleri bulunmaktadir.

Davisson gocme kriterinde, nihai yiik kapasitesi
dogrudan toplam yer degistirmeye, diger bir
ifadeyle kazigin elastik sapmalarina ve 6telenmenin
toplamma baghdir (Sekil 6). Nihai yiik kapasitesi
Esitlik 5 kullanilarak belirlenmektedir.

Yiik, Q
Qult
I

T
4 mm + D/120

goeme kriteri

|
1
1 Davisson
I
QL/AE [
|

Yiik-deplasman
egrisi

Deplasman, 6

Sekil 6. Davisson gégme kriteri [18]
0,,=0L/ AE +(4+D/120) (mm) 5)

Burada;
Qui= nihai yiik, Q= uygulanan yiik, L= kazik boyu,
A=Xkazik kesit alan1, E= elastisite modiilii, D= kazik
capidir.

FHWA (%5D) yonteminde, kazik u¢ ¢apmin %5’1
kadar deplasmana karsilik gelen yiik degeri, nihai
eksenel basing kapasitesi olarak kabul edilmektedir.
Helisel kaziklarda helis ¢apina, ¢akma kaziklarda
ise saft ¢apina esit olarak alinmaktadir [20].

Livneh ve El Naggar [8] tarafindan kiiciik caph
helise sahip ince helisel kaziklara yonelik olarak
%8D yontemi onerilmistir. Bu yontemde nihai yiik
degeri, kazigin elastik sapmasi ile en biiyiik helis
capinin %8’inin olusturdugu kazik basi hareketine
karsilik gelen yiik degerinin toplami olarak
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tanimlanmistir. Gogme anindaki deplasman degeri
(S) Esitlik 6 ile hesaplanmaktadir.

s=PL 008D (6)
AE

Burada;

P= gb¢me aninda uygulanan yik, L= kazik
uzunlugu, A= kazik kesit alani, E= -elastisite
modiilii, D= en biiyiik helis ¢apidir.

18 T—=—1Bsp1
—%— LBSD-2
15 {—a—LBSD-3
—x— LBSD-4
~ 12
Z
=
= 91
=
6
3 _
0 T

0 4 8 12 16 20 24
Deplasman (mm)

(2)

ISSMFE (%10D) yonteminde, kazik ¢apinin %10’u
kadar deplasman degerine karsilik gelen yiik degeri,
nihai kazik kapasitesi olarak ifade edilmektedir
[21].

Bu calismada; Davisson gog¢me kriteri [18] ile
FHWA (%5D) [20], %8D [8] ve ISSMFE (%10D)
[21] yontemleri kullanilmistir.

0 4 8 12 16 20 24
Deplasman (mm)

(b)

Sekil 7. Helis ¢apinin etkisi (a) Siki zemin (b) Gevsek zemin

Siki ve gevsek zemine gomiilii helisel kaziklarimn,
eksenel basing altindaki davraniglart laboratuvar
model deneyler ile aragtirilmistir. Deneylerde, helis
capt (D) ve zemin sikiligi (D;) parametrelerinin
helisel kaziklarin basing kapasitesi iizerine etkileri
incelenmistir.

Eksenel basmg deneyleri sonucunda elde edilen
yiik-deplasman egrileri Sekil 7°de grafik olarak
verilmistir. Sekil 7 incelendiginde, her iki zemin
sikilig1 i¢in helis ¢apinin artmasina bagli olarak yiik
degerlerinde biiyiik 6l¢iide artiglar meydana geldigi
goriilmiistiir. Kazik kapasitesinin 6nemli oranda
helis plakasi ve gomiilii oldugu zemin bolgesinden
gelmesi, ayrica ¢apin artmasi ile helisin etkiledigi
zemin bdlgesinin biiylimesi kapasitedeki artigin
sebebi olarak disiiniilmistiir.

Yiik-deplasman egrilerinden Davisson gog¢me
kriteri ile %5D, %8D ve %I10D yontemleri
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kullanilarak elde edilen nihai basing yiikii degerleri
ile analitik yaklasim (silindirik ve ayrik) yik
degerleri Cizelge 3’te verilmistir. Siki ve gevsek
zeminde %5D yontemine gore tespit edilen nihai
yiik degerlerinin, diiz kazik nihai yiik degerlerine
gore oranlart belirlenmis ve helis ¢apinin etkisi
Sekil 8’de grafik olarak sunulmustur. Sekil 8
incelendiginde, D/d=1 (helis capi/saft cap1) diiz
kazik durumunu ifade etmektedir. D/d oraninin
artmastyla siki zeminde nihai yiik degerlerinin
sirastyla yaklagik olarak 4,5-8,1-11,7 ve 17,1 kat
arttig1 goriilmiistiir. Gevsek zemin durumunda ise
artis miktarlar1 4,8-6,7-8,5 ve 10,8 kat olarak tespit
edilmistir. Nihai yiik artig oranlarina bakildiginda
her iki zemin sikiliginda da ¢apin artis oranindan
daha fazla bir artisin meydana geldigi gézlenmistir.
Siki zeminde D/d oranimin 2,73’ten 5,45’e yaklasik
2 kat arttig1 durumda nihai yiik degerinde yaklagik
4 kata varan bir artis oldugu goriilmiistiir. Ayrica
helis ¢apinin artmasi, siki zeminde gevsek zemine
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kiyasla nihai yiikii daha fazla artirmistir. Cizelge
3’te %5D yontemi sonuglar1 dikkate alindiginda
siki zeminde gevsek zemine kiyasla yaklasik 10
kata varan artis elde edilmistir. Bu durum, siki
zemindeki yiizey siirtiinmesinin gevsek zemine
oranla daha fazla olmasiyla agiklanabilir. Kazigin
gomiilii oldugu derinlik boyunca kasa icerisine
yerlestirilen zeminin, sikiliin artmasiyla birlikte
birim hacim agirligi arttigindan ve kazik yiizeyi
boyunca direng gosterilen zemin kiitlesi daha fazla
oldugundan siki zeminde kapasite gevsek zemine
kiyasla daha fazla meydana gelmistir.

Cizelge 3’te siki ve gevsek zemin igin verilen
deneysel ile analitik nihai yiik degerleri, grafik
olarak  Sekil 9’da  sunulmustur. Sekil 9
incelendiginde analitik yaklagimlarin, gd¢me
yontemlerinden elde edilen nihai yiik degerlerine
yakin degerler verdigi goriilmistiir. Siki1 zeminde
silindirik kayma yontemi %8D ydntemine, ayrik
tasima yontemi ise Davisson gogme kriteri ve %5D
yontemine daha yakin ¢ikmistir. Gevsek zeminde
silindirik kayma yontemi deney sonuglarina uzak,
ayrik tasima yontemi ise %10D yontemine yakin
sonuglar vermistir. Ayrik tasima yonteminin her iki

zemin sikiligindaki basarisi; tekli helisel kazigin
silindirikten ziyade ayrik gog¢me mekanizmasi
gostermeye yakin olmasiyla agiklanabilir. Ayrica
literatiirde [7,17] yontem formiiline yapilan
ilaveyle siki zemin ig¢in Ry azaltma faktorii
kullanilarak kaziklarin kurulum etkisinin analitik
yaklasimda da dikkate alinmasi bagarmin
sebeplerinden biri olarak gosterilebilir.

21

—o— Siki —*%— Gevsek

18
15
12

Qu/ Qu(diiz)

S W o o

0 1 2 3 4 5 6 7
D/d

Sekil 8. Helisel kazik nihai yiiklerinin diiz kazik
nihai yiiklerine gore artig oranlari

Cizelge 3. Gogme yontemlerine gore nihai yiik degerleri

Nihai yii(l;d(\llgeneysel) Nihai yl?]i 1Sf;malitik)
kriteri yontemi yontemi
LBSD-1 1,050 0,463 0,646 0,740 - -
LBSD-2 2,618 2,066 2,792 3,217 2,397 1,926
Siki LBSD-3 4,092 3,765 5,362 6,206 4,550 3,321
LBSD-4 5,047 5,397 7,986 9,325 7,318 5,113
LBSD-5 6,632 7,939 11,611 13,522 10,702 7,304
LBGD-1 0,158 0,079 0,078 0,084 - -
LBGD-2 0,424 0,377 0,443 0,478 0,411 0,384
Gevsek | LBGD-3 0,551 0,532 0,605 0,644 0,780 0,623
LBGD-4 0,654 0,673 0,818 0,902 1,255 0,930
LBGD-5 0,699 0,796 1,058 1,219 1,835 1,306
C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023 1019



Helisel Kaziklarda Helis Capinin Basing Yiikiine Etkisinin Laboratuvar Deneyleri ile Arastiriimasi
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Sekil 9. Deneysel-analitik sonuglar (a) Siki zemin (b) Gevsek zemin

4. SONUCLAR

Bu caligmada, farkli sikiliktaki (siki ve gevsek) kum
zemine yerlestirilmis diiz (helissiz) kazik ve dort
farkli ¢aptaki helisel kazigin basing yiikii altindaki
davranislar1 incelenmistir. Deney sonuglarindan
dort farkli gogme yontemi ile nihai yiikler tespit
edilerek sonuglar degerlendirilmistir. Ayrica,
literatlirde sunulan analitik yaklagimlar ile deney
sonuclar1 karsilastirilmistir. Sonuglara istinaden;

e Her iki zemin sikiliginda helis c¢apinin
artmastyla tagima giicli 6nemli oranda artmistir.
Diiz kaziklara kiyasla helis ¢apinin saft ¢capina
gore 2,73d-3,64d-4,55d ve 5,45d kat artmasi,
sik1 zeminde nihai yiikk degerlerinde sirasiyla
yaklasik olarak 4,5-8,1-11,7 ve 17,1 kat, gevsek
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zeminde ise sirasiyla 4,8-6,7-8,5 ve 10,8 kat
artisa sebep olmustur. Her iki zemin sikiliginda
yiik miktarindaki arti, ¢ap artis oranindan daha
fazla meydana gelmistir.

e Siki  zemine yerlestirilmis kazigin tagima
kapasitesinde gevsek zemine gore yaklagik 10
kata varan bir artis meydana geldigi
gOrilmistiir.

¢ Analitik sonuglarin, deneyden elde edilen nihai
yiik degerleriyle uyumlu sonuglar verdigi ve
deney sonuglarint biiylik oranda yakin tahmin
ettigi belirlenmistir. Ayrik tasima yontemi siki
zeminde Davisson gocme kriteri ve %5D
yontemine, gevsek zeminde ise %10D
yontemine yakin tahminler ortaya koymustur.
Ayrik tagima yonteminin her iki zemin
sikiligindaki basarisi; tekli helisel kazigin

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023



Yakup TUREDI, Buse EMIRLER, Murat ORNEK, Abdulazim YILDIZ

silindirikten ziyade ayrik gogme mekanizmasi
gostermeye yakin olmasiyla ve ozellikle siki
zeminde R, azaltma faktoriinii kullanarak
kaziklarin kurulum etkisini analitik yaklagimda
da dikkate almasiyla agiklanabilir.

5. TESEKKUR

Bu calisma, 218M571 numarali proje kapsaminda
TUBITAK tarafindan desteklenmistir. Yazarlar
desteklerinden dolayr TUBITAK’a tesekkiirlerini
sunarlar.
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Abstract

In this study, the chemical compositions of high-silicon lamellar graphite cast irons commonly used in truck
brake discs and the effects of applied heat treatments on their friction and wear behaviors were investigated.
For this purpose, samples with two different chemical compositions (first with 2.43 C and 4.5 Si; second
with 2.5 C and 4.2 Si) were produced, and homogenization annealing was applied at 900°C for 30, 45, and
60 minutes followed by air cooling. Hardness, tensile testing, and wear testing were performed on the heat-
treated samples. Wear tests were conducted at room temperature and dry sliding conditions (20 N load, 250
mm sliding distance, and 200 mm/min sliding speed) using a ball-on-disk wear apparatus against 52100
bearing steel. The increase in homogenization heat treatment time resulted in an increase in hardness and
tensile strength values for both lamellar graphite cast iron grades. The wear test results indicated that both
the chemical composition and the duration of applied heat treatment influenced the friction coefficient and
wear volume losses. Since high friction coefficient and low wear volume losses are desired in brake discs,
it was determined that the best result among the compared samples was achieved in the sample produced
with a chemical composition of 2.5 C and 4.2 Si, and then homogenized at 900°C for 30 minutes.

Keywords: High-silicon lamellar graphite cast iron, Brake disc, Friction, Wear

Yiiksek Silisli Lamel Grafit Dokme Demir Kamyon Fren Disklerinin Siirtiinme ve
Asinma Davranisi

Oz
Bu calismada, kamyon fren disklerinde yaygin olarak kullanilan yiiksek silisli lamelli grafitli dékme

demirlerin kimyasal bilesimleri ve uygulanan 1sil iglemlerin siirtiinme ve asinma davraniglari iizerindeki
etkileri arastirilmistir. Bu amagla iki farkli kimyasal bilesime sahip (birincisi 2,5 C ve 4,2 Si; ikincisi 2,43

*Sorumlu yazar (Corresponding Author): Ali GUNEN, aligunen2013@gmail.com
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C ve 4,5 Si) numuneler {iretilmis ve 900°C'de 30, 45 ve 60 dakika homojenizasyon tavlamasit ve ardindan
havada sogutma yapilmugtir. Isil iglem gérmiis numunelere sertlik, gekme testi ve aginma testleri uygulandi.
Asinma testleri, oda sicakliginda ve kuru kayma kosullarinda (20 N yiik, 250 mm kayma mesafesi ve 200
mm/dak kayma hizi) disk {izerinde bilyali aginma aparati kullanilarak 52100 rulman c¢eligine karsi
gerceklestirildi. Homojenizasyon 1si1l iglem siiresinin artmasi, her iki lamel grafitli dokme demir kalitesi
i¢in sertlik ve ¢ekme mukavemeti degerlerinde artisa neden olmustur. Asinma testi sonuglari, hem kimyasal
bilesimin hem de uygulanan 1sil islem siiresinin siirtiinme katsayisini ve asinma hacmi kayiplarini énemli
Olciide etkiledigini gostermistir. Fren disklerinde yiiksek siirtiinme katsayisi ve diisiik asinma hacmi
kayiplari istendiginden, karsilastirilan numuneler arasinda en iyi sonucun 2,5 C ve 4,2 Si kimyasal bilesimi

ile iiretilip daha sonra 900°C’de 30 dakika siire ile homojenlestirilen numunede elde edildigi belirlendi.

Anahtar Kelimeler: Yiiksek silisli grafitli dokme demir, Fren diski, Siirtiinme, Asinma

1. INTRODUCTION

Cast irons are alloys of Fe-C, where iron (Fe) is the
primary constituent, and they may additionally
incorporate other elements like carbon (C), silicon
(Si), manganese (Mn), chromium (Cr), nickel (Ni),
sulfur (S), phosphorus (P), and nitrogen (N). Within
cast irons, there exist carbon crystals known as
graphite. The microstructural characteristics of cast
irons, including the shape and distribution of
graphite, as well as the microstructure of the metal

matrix, are contingent upon the chemical
composition, casting procedure, and cooling
circumstances [1-3]. Graphite is part of the

microstructure of cast iron and according to this
structure cast irons are classified into different
types. Gray cast iron, white cast iron and ductile
cast iron are classifications based on graphite
structure. Gray cast irons have a lamellar graphite
structure, white cast irons have a lamellar structure
and ductile cast irons have a spherical graphite
structure.

The shape of graphite in the structure is very
important. Because the mechanical properties of
cast irons vary depending on their chemical
composition and graphite structure [4-6]. Although
these alloys can be produced at low cost, the ability
to achieve mechanical properties close to steels has
made cast irons a popular material group used in a
variety of industrial and engineering applications.
Gray cast irons are used in a wide variety of
applications. Examples include automobile engine
parts, pipe fittings, construction materials, valves,
pump housings, machine construction, brake linings
and many other industrial and structural

1024

applications. Gray cast irons are low cost, well
machinable, highly wear resistant and can be used
in a variety of applications. However, cast irons also
have some disadvantages, such as low strength and
brittleness. Therefore, it is important to select the
right type and apply appropriate heat treatments
depending on the application requirements [2,3].

For this purpose, many studies have recently been
carried out on the production of high silicon
lamellar graphite cast irons. As the name suggests,
this type of cast iron contains high amounts of
silicon and lamellar (sheet-like) precipitated
graphite [3]. Silicon is the alloying element that
improves the mechanical properties of cast iron
because it inhibits carbide formation and promotes
graphite formation. It also improves wear resistance
and provides resistance to oxidation. The lamellar
precipitation of graphite gives lamellar graphite cast
iron good vibration damping ability, high
compressive strength [4-6], but also contributes to
stress concentration and crack formation, thus
affecting its mechanical properties [4]. The wear
resistance of cast iron can be adversely affected by
the undesirable characteristic resulting from the
graphite morphology, particularly during dry
sliding wear at high applied loads [7].

In the ferrite structure, silicon, one of the elements
dissolved, enhances the hardness of ferritic gray
cast iron [8]. The presence of silicon leads to an
increase in the hardness of cast iron by promoting
the formation of harder ferrite [8]. Nevertheless,
silicon also induces the coarsening of graphite,
causing a reduction in the hardness of cast iron [9].
An increase in ferrite formation corresponds to a
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decrease in wear resistance, while enhanced
graphite formation contributes to increased wear
resistance [10]. This phenomenon involves the
equilibrium between hardness attributed to ferrite
influence and graphite influence, as well as the
equilibrium between wear rates associated with
ferrite and graphite influences.

While carbon is the most important element
affecting the structure of cast irons, high levels of
silicon also cause significant changes in the
structure. In addition to increasing the fluidity of
liquid cast iron, silicon has a significant effect on
the carbon equivalent with C, and P. Based on the
carbon equivalent (CE = %C + (%Si + %P) / 3), this
means that every 1% of silicon in the chemical
composition will shift the eutectic point in the Fe-C
equilibrium diagram of the alloy to the left by 0.3%.
This means that cast iron compositions with a C
content below 4.3% can solidify like a cast iron with
a supra-eutectic composition. However, as the
amount of silicon in the structure increases, the
tensile strength of the cast iron decreases due to the
decrease in the amount of austenite in the structure.

Although high silicon lamellar graphite cast iron
can be produced with silicon in addition to iron and
carbon, when cast irons used in industrial
applications are examined, it can be seen that many
different elements such as Cr, Mn and Cu are
included in the structure besides these elements.
There are reasons for adding these elements to the
structure. Cr, being a strong carbide former, reduces
the amount of graphite in the structure even when
added in small amounts and may trigger freckle
formation. Cu, on the other hand, in the range of
0.5-2.5% in liquid cast iron reduces freckle
formation, while thinning the graphite structure and
increasing its fluidity in the liquid state. However,
if present in high proportions, Cu can cause
embrittlement and especially edge cracks due to
hydrogen sickness, which can cause major
problems in casting. Mn, on the other hand, is not
only a strong austenite former like Ni, but also an
element that minimizes the negative effects of
sulfur, as it enables sulfur, which causes brittleness
in cast irons, to form the MnS compound primarily
instead of FeS, so it is one of the elements that must
be present in cast irons [11].
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Due to the above-mentioned properties, high silicon
lamellar graphite cast iron is a preferred material
type, especially in heavy industry and engineering
applications [12-15]. High silicon lamellar graphite
cast irons are especially used in applications
requiring high wear resistance [15]. Such cast irons
are used in industrial pump parts, valve bodies,
truck brake linings, medical devices and many other
sectors. However, it is important to make sure that
the grade and processing method chosen is suitable
for the requirements of the application [13].

This investigation is centered on the application of
high silica lamellar graphite cast irons in the
manufacturing of truck brake discs. The rationale
behind opting for high silica lamellar graphite cast
irons lies in their multifaceted advantages,
including notable wear resistance, a low coefficient
of friction, high-temperature resilience, effective
noise control, and the ease of casting [12,13]. In
terms of wear resistance, the elevated silica content
in these cast irons endows them with exceptional
durability, thereby mitigating the wear and tear of
brake discs subjected to friction and heat during
wheel or disc brake application [14,15].
Additionally, the low coefficient of friction
characteristic allows brake discs to smoothly
interact with brake components, facilitating
controlled braking for the driver. The high
temperature resistance of high-silica lamellar
graphite cast irons ensures the durability of brake
discs under conditions of elevated temperatures
during braking [16,17]. Addressing noise control
concerns, this cast iron variety contributes to a
quieter and more comfortable driving experience
during brake disc utilization. Moreover, the ease of
casting associated with high silica lamellar graphite
cast irons enables the production of brake discs in
diverse and intricate designs. Consequently, the
utilization of high silica lamellar graphite cast irons
in brake disc manufacturing emerges as a prevalent
choice for ensuring the production of dependable
and enduring brake system components. This
material not only enhances brake performance but
also contributes to the creation of long-lasting brake
discs, thereby augmenting overall driving safety
[14,15].
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In this study, lamellar graphite cast iron specimens
produced with two different chemical contents for
use in brake linings were subjected to
homogenization at 900°C for 30, 45 and 60 minutes
and then air cooling processes. Considering brake
lining applications, wear tests were carried out
against a 6.3 mm diameter ball of 52100 bearing
steel at 20 N load, 200 mm/sec speed and 250 m
sliding distance.

2. EXPERIMENTAL METHODS
2.1. Materials

The samples of high-silicon lamellar graphite cast
iron, with chemical compositions provided in Table
1, were melted in an induction furnace. After
necessary chemical control and modification
processes made, they were poured into sand molds
prepared in the form of a molten metal brake disc
model at 1390°C.

Table 1.%wt. chemical composition of high-silica

content lamellar graphite cast irons
(balance Fe)
Material | C Si [ Mn | Cu | Cr S
D 243 1451049 | 0.19 | 0.27 | 0.066
T 25 |42 ] 05 0.2 | 0.26 | 0.068

In order to ensure the homogeneity of the samples
produced by the sand mold casting method
homogenization heat treatment was applied. The
alloy containing 2.43 C 4.5 Si was annealed at
900°C for 30, 45 and 60 minutes and was not left to
cool in the open air. These samples are coded as D1,
D2 and D3, respectively. Similarly, the 2.5 C 4.2 Si
alloy was annealed at 900°C for 30, 45 and 60
minutes and left to cool in open air. These samples
are coded as T1, T2 and T3, respectively.

2.2. Applied Tests

After completing the heat treatment, specimens of
appropriate dimensions for hardness measurements,
tensile tests, and wear tests were extracted using a
laser cutting machine. The surfaces of the
specimens were then processed using a surface
grinding machine. Subsequently, the surface
roughness values of the specimens were measured
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using a 2D profilometer at a speed of 2 mm/s and a
length of 4.8 mm. Hardness values were determined
with a 1 kg load applied for 15 seconds. Tensile test
specimens prepared according to the TSE EN ISO
6892-1 standard from the samples after heat
treatment were subjected to tensile testing at a speed
of 2 mm/min using a Shimadzu tensile testing
machine with a capacity of 50 kN. The hardness
values obtained and the tensile strength results from
the experiments are presented in Table 2.

Table 2.Surface roughness, microhardness, and
tensile strength of the samples before the
wear process.

Surface Microhardness Tensile

Sample roughness (HY) strength

(um) (MPa)
D1 2.21 150 205
D2 2.75 170 270
D3 1.98 177 308
T1 2.66 220 307
T2 2.55 242 315
T3 2.50 255 340

Dry sliding wear tests were conducted on high-
silicon lamellar graphite cast iron samples
considering the wear conditions experienced by
brake disc. The wear test parameters involved a
computer-controlled ball-on-disk wear apparatus
(Turkyus POD&HT&WT, Turkey) against a 52100
bearing steel ball with a diameter of 6.3 mm, a
sliding speed of 200 mm/s, a load of 20 N, a wear
track diameter of 7.7 mm, and a sliding distance of
250 m. The tests were carried out at room
temperature under normal atmospheric conditions.
During the wear test, friction coefficients (COF)
were automatically recorded for each test using the
computer interface of the wear apparatus. For each
parameter, three repeated test data were averaged
using an Excel program to create COF graphs.

The width and depth of the traces formed in the
abrasion test were taken with a 2D profilometer and
optical microscope, as the average of at least 4
traces on each sample, in the 0, 90, 270 and 360°
parts of the circle. As can be seen from the optical
profilometer images given in Section 3.1, the wear
scar was evaluated to be in the shape of a half
ellipse, and based on previous studies, the wear scar
area was calculated with the following formulas.
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The wear volume and wear rates were calculated as
stated in Reference 18 using Excel and are given in
Table 3.

L=2nr (1)
V=0.25tWD 2
Wr=V/FS (3)

Where L: Circumferential length of the wear scar
(mm). V: Wear scar volume (mm3). r: Wear scar
radius (mm) W: average wear scar width (um). D:
Average wear scar depth (um). F: applied load (N).
S: Sliding distance (m). and Wr: Wear rate
(mm3/Nm).

3. RESULTS AND DISCUSSION
3.1. Friction Coefficient
The friction coefficient graphs of D1, D2 and D3

samples against 52100 bearing steel are given in
Figure 1.
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Figure 1. Friction coefficient graphs of samples
D1, D2 and D3.
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While the D1 and D2 samples maintained a stable
friction coefficient around 0.3 throughout the test, it
was observed that the D3 sample started at around
0.1 at the beginning of the test, followed a
constantly increasing trend, and exceeded the 0.3
threshold at the end of the test. This shows that the
homogeneity of sample D3 may be lower than other
samples.
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Figure 2. Friction coefficient graphs of samples
T1, T2 and T3.

While the T1 and T2 samples started around 0.1 at
the beginning of the test, reached a stable course of
about 0.45 at the end of 50 m and continued in the
range of 0.45-0.46 until the end of the test. On the
other hand, the T3 sample followed a friction
coefficient course in the range of 0.42-0.43 from the
beginning to the end of the test. This is a result of
the mechanical properties of T1 and T2 samples
being close to each other. The fact that T3 showed
more stable and a slightly lower coefficient of
friction is a result of this sample having higher
mechanical properties (hardness and tensile
strength). As a matter of fact, the sample with
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higher mechanical properties will show better
resistance against the abrasive ball trying to sink
into it, and the ball that does not sink into the
substrate material will slide more easily [18,19].

Considering the graphs of the samples in Figure 1
and Figure 2 are compared with the studies in the
literature, it can be seen that there is fluctuation in
the friction coefficient of all the samples in this
study. The situation of a continuous change with
ups and downs has also been reported in studies in
the literature [20-27]. Fluctuation in friction
coefficient. It is related to the relationship between
the deformation occurring during the test and the
adhesive bond strength. Namely, the increasing
trend of the friction coefficient is the result of the
deformation occurring during the experiment and
the adhesion of the abraded material to the surface.
On the other hand, the decrease in the friction
coefficient is the result of adhesive welding/bond
breaking as the friction coefficient increases to high
values. In their studies, Ping and his team [20] and
Cetin et. al. [21] detected fluctuations in the friction
coefficient during wear experiments and stated that
this fluctuation was caused by the deformation that
occurred during the experiment. They stated that
graphite, which forms the matrix structure of cast
iron, forms a graphite film on the wear surface. In
this case, sliding does not occur regularly on the
contacting surfaces and the formation of a film on
the sliding surface of graphite does not prevent
adhesive contact or adhesive bonding. However,
they explained that it contributed to the bond being
formed at a minimum level.

Anderson [22] describes this situation from a
different perspective. He stated that it is caused by
the formation of an oxide film on the surfaces that
rub against each other during the wear process, due
to the periodic and continuous change of
temperature from the contact areas to the interior of
the surfaces in contact during friction. It has been
reported that a continuous change in the friction
coefficient occurs due to the formation of the film
and its breaking as a result of the acting forces. In
another study reporting the fluctuation in friction
coefficients [22], this situation was explained as
welding of the asperities on the rubbing surfaces
and the growth of these formations. The authors
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reported that since the welding and separation
process will be repeated continuously, an up-and-
down graph will occur in the course of the friction
coefficient. [20,23,24]. The continuous fluctuation
of the friction coefficients measured in the wear
tests was observed in both groups of lamellar
graphite cast iron samples. It is thought that this is
due to the microstructures not being homogeneous.
Similar findings were reported by Jang et. al. [26]
in their study on metal fiber brake discs. Because.
Lamellar graphites have a lubricating effect, which
indicates that the distribution of lamellar graphite’s
in gray cast iron can cause differences in the friction
coefficient regime of the alloy. [9,10,26].

The behavior of materials under friction conditions
is shaped depending on three main parameters [27].
These critical parameters are [21]:

1- Structure and surface properties: Factors
such as the internal structure of the material,
surface roughness, microstructure and
chemical composition are the basic features
that are effective in determining the friction
behavior.

2- Friction type and test conditions: Factors
such as the type of friction, that is, sliding or
rolling, as well as the relative speed at which
the experiment is carried out, the amount of
load applied, the method of application and
temperature, are other important parameters
that affect the friction behavior.

3- Environmental conditions and lubrication:
Conditions and lubrication surrounding
friction have a significant effect on friction.
Atmospheric conditions, humidity, degree of
pollution and type of lubrication play an
important role in determining friction
behavior.

The combination of these factors requires a
comprehensive evaluation to wunderstand and
optimize the friction performance of the material.

Additionally, as seen in Table 2, increasing the
hardness of the samples resulted in a general
decrease in the surface roughness values. However,
it was determined that such a clear trend was not
observed in the friction coefficients (Table 3). This
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means that the friction coefficient is too complex to
be associated only with hardness and surface
roughness, and that it can vary depending on the
interaction of many mechanical parameters of
materials such as hardness, elastie modulus,
fracture toughness [28]. Additionally, as the amount
of silicone increased, the hardness increased, as can
be seen in Table 2, and in parallel, there was a slight
increase in the friction coefficient values (see
Figure 1 and Figure 2). As a matter of fact, studies
in the literature have reported that as the amount of
silicon increases, the hardness values of
gray/lamellar graphite cast iron decrease, but some
increases occur in the friction coefficients [25,26].

3.2. Characterization of Wear Traces
Figure 3- Figure 8 shows the optical appearance and

2D profilometer images of the wear marks after the
wear test.
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Figure 3. Illustration of wear scar width and depth

of sample D1.
As Figure 3 is examined, it is noteworthy that there

is some difference in the trace widths of the 3
samples taken from the D1 sample. This situation
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can be attributed to the fact that the 30-minute
homogenization anneal at 900°C applied to the D1
sample was insufficient. When the wear marks on
the sample are examined, deep scratches, grooves
and black areas are seen on the surface. This shows
that the dominant wear mechanism in the sample is
abrasive.
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Figure 4. Illustration of wear scar width and depth
of sample D2.

Whilst Figure 4 is inspected, although the trace
widths taken from the D2 sample are similar to the
D1 sample, they are closer to each other in the D2
sample. This shows that a 45-minute
homogenization anneal at 900 °C minimizes the
structural differences between the samples. This can
be easily seen from the optical appearance of the
wear marks on the sample. When the optical views
are examined, it can be seen that the abrasive lines
seen in the D1 sample are also seen in this sample,
while the black areas that occur in the form of
ruptures are not present.
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Figure 5. Illustration of wear scar width and depth
of sample D3.
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Figure 6. Illustration of wear scar width and depth
of sample T1.
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When Figure 5 is examined, it is seen that the wear
scar width is quite low compared to D1 and D2
samples. This is a result of the D3 sample having a
higher hardness value. Because. The high hardness
of the material will better resist the plastic
deformation of the ball trying to sink into it,
depending on the applied load. However, if this
hardness exceeds a certain degree, it will cause
brittleness. As a matter of fact, when the worn
surface optical images of the samples are examined,
it is clearly seen that fractures (black areas) occur in
places.

Once Figure 6 is assessed, it is determined that the
trace widths of the 3 samples taken from the T1
sample is lower and shallower than the widths of the
traces taken from the D1, D2, and D3 samples. This
is a result of the high hardness values of the T1
sample in Table 2.
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Figure 7. Illustration of the wear scar width and
depth taken from the T2 sample.

Considering Figure 7, although values close to the
wear scar widths taken on the T1 sample are
obtained, the difference between the scars being
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lower than T1 can be attributed to the fact that the
45-minute heat treatment period applied to the D1
samples obtained a more homogeneous structure
compared to the 30-minute period. However, in the
T2 sample, it is seen that the wear mechanism has
evolved into fracture adhesive rather than abrasive.
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Figure 8. Illustration of the wear scar width and
depth taken from the T3 sample.

As Figure 8 is examined, it can be seen that the wear
scar widths taken from the T3 sample is wider than
those of T1 and T2, but the wear scar depth is
shallower. This may be due to the fact that the T3
sample has the highest hardness value, and
therefore the abrasive ball, which does not sink into
the sample easily, has worn out and created a larger
contact area.

It is determined that the trace widths of the T
samples (T1, T2 and T3) with higher Si content are
lower and shallower than the widths of the traces
taken from the D1, D2 and D3 samples. This is a
result of the high hardness values of the T samples
as seen in Table 2. Because samples with higher
hardness values also have higher tensile stresses,
they better resist the abrasive ball that tries to cause
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plastic deformation on their surfaces. This results in
less penetration of the ball into the material,
resulting in lower wear scar width and depth. As a
matter of fact, Table 3 supports this claim.

Table 3. Data obtained in wear test

w < a _ <
D1 0.304 |1244.50 | 15 35.45 7.09
D2 0.331 [1304.00| 14 34.67 6.93
D3 0.262 | 926.33 10 17.59 3.52
T1 0.464 | 990.67 10 18.81 3.76
T2 0.438 [1009.00 | 12 22.99 4.60
T3 0.424 [ 1046.67 | 11 21.86 4.37

As seen in Table 3, as a result of the wear tests, the
lowest friction coefficient value was obtained in the
D3 sample as 0.262, while the highest friction
coefficient value was obtained in the T1 sample
with 0.464. on the other hand, the lowest wear
volume loss occurred in the D3 sample and the
highest wear volume loss occurred in the D1
sample.

4. CONCLUSION

In this study, the chemical contents of high-silica
lamellar graphite cast iron produced for truck brake
discs and the effects of applied heat treatments on
friction and wear volume losses were examined.
The results obtained can be briefly summarized as
follows.

1- The increase in the duration of the
homogenization process applied at 900 °C
caused an increase in the hardness values
and tensile strength values of the samples.

2- The applied heat treatment is more effective
on the friction coefficient and wear volume
rates of T1, T2 and T3 samples with lower Si
content than D samples.
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3- The lowest friction coefficient and wear
volume loss occurred in the D3 sample heat
treated at 900°C for 60 m.

4- While the wear volume losses of T samples
are close to each other, the wear volume
rates of D samples differ from each other.
This situation reveals that the applied heat
treatment is appropriate for T samples, but
different parameters should be tested for D
samples.

5- It has been concluded that the most suitable
sample in brake disc selection among the
compared samples is the T1 sample, as the
desired brake discs are required to show a
high coefficient of friction, enable stopping
in shorter distances and have a longer life
with lower wear and volume loss.
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Abstract

Crime refers to an action legally defined as harmful to society, and it is important to understand the type of
crime to prevent these actions. However, crime can occur at any time and place, making it difficult to
predict. Data generated based on previously committed crimes contributes to overcoming this difficulty.
This study proposes a novel model for classifying criminal activities using a Doc2Vec that can cause a
numerical representation of texts regardless of length and a stacking ensemble model that includes 8
different machine-learning models. Unlike the literature, the model processes the features as text and
converts them into vectors rather than categorically. In this way, it enables using features that cannot be
used in the literature. The proposed model is tested using a distributed online competition database,
Francisco Crime Classification, which contains crimes committed over 12 years. An accuracy value of
99.28% was obtained for the 15 crime categories with the highest crime records, while precision, recall,
and f-score values were 99.18%, 99.38%, and 99.20%, respectively. With cross-validation (k=10), 99.80%
performance was achieved with a std. value of 0.001. These performance values are higher than those of
all the studies in the literature using categorical feature structures. The results show that converting criminal
activity reports, which contain text-based features, into vectors that can be processed with natural language
processing techniques such as Doc2vec instead of using them categorically in model training can directly
contribute to the classification performance and provide a more efficient model with less preprocessing.

Keywords: Crime prediction, Criminology, Doc2vec, Stacking ensemble model

Suc Kategorisi Tespiti icin Yiginlama Topluluk Ogrenimi Modeli Kullanan Cati
Tasarimi

Oz

Sug, toplum acgisindan kanuni olarak zararli olarak tanimlanmis eylemi ifade eder ve bu eylemlerin
engellenmesi i¢in sug tariinin anlagilmas: oldukga énemlidir. Ancak su¢ herhangi bir zamanda ve yerde
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meydana gelebilmektedir ve bu durum sucun tahmin edilebilirligini zorlastirmaktadir. Daha énce islenmis
suclara dayali olarak olusturulan verilerin kullanilmas: bu zorlugun asilmasina katki saglamaktadir. Bu
calismada sug faaliyetlerini stmiflandirma igin uzunlugundan bagimsiz olarak metinlerin sayisal temsilini
uretebilen Doc2Vec yapisi ve 8 farkli yapay dgrenme modelini iceren bir yiginlama topluluk égrenimi
modelin kullanildig1 6zgiin bir model 6nerilmistir. Model literatiirden farkl olarak 6znitelikleri kategorik
olarak degil metin olarak islemekte ve wvektdr haline donlstlirmektedir. Bu sayede literatiirde
kullanilamayan 6zniteliklerin kullaniimasini saglamaktadir. Onerilen model 12 yil boyunca islenen suglar
iceren, Francisco Crime Classification, isimli online dagitimli bir ¢evrimici yarisma veriseti kullanilarak
test edilmistir. En yuksek su¢ kaydinin oldugu 15 su¢ kategorisi igin %99,28 dogruluk degeri elde edilirken,
kesinlik, geri cagirma ve f-degeri sirasiyla %99,18, %99,38 ve %99,28 olmustur. Capraz dogrulama (k=10)
ile 0,001 std. degeri ile %99,8 basarim yakalanmistir. Bu performans degerleri kategorik 6zellik yapisinin
kullamildig: literatirdeki tim calismalardan ylksektir. Elde edilen sonuglar metin tabanh oOzellikler
barindiran sug faaliyet raporlarinin kategorik olarak model egitimlerinde kullanilmas: yerine Doc2Vec gibi
dogal dil isleme teknikleri ile islenebilir vektdrlere ddnustirilmesinin siniflandirma performansina
dogrudan katki sunabildigini gostermis ve daha az 6n islem sayesinde daha verimli bir modelin ortaya

cikmasini saglamigtir.

Anahtar Kelimeler: Su¢ tahminlemesi, Kriminoloji, Doc2Vec, Topluluk 6grenme

1. INTRODUCTION

Crime is a set of actions and behaviors that damage
the general fabric of society, endanger the safety of
people's property and lives, and have a penal
equivalent according to the law. Accordingly,
criminal behavior among people living in a
community is one of the natural consequences of
being a society. Governments, state security forces,
and scientists have important duties in the fight
against crime. There are numerous research studies
in this field. The main purpose of these studies is to
investigate why people commit crimes, the mental
and physical structures of people who commit
crimes, the material reasons that push people to
commit crimes, and to help the security organs to
the extent possible. First, crime is a human act since
its source is human. People have been living in
communities since the earliest ages of history. In the
society in which people live, there are inequalities
in physical, sociological, and, as a result,
psychological aspects. This situation prepares the
ground for people to commit crimes. For this
reason, committing a crime is an action that has
been occurring since the early periods of history and
has become more and more common with the
increasing population. Among social problems,
crime is perhaps the most complex and interesting
one. In addition to the causes of the crime
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phenomenon, issues such as the rise and fall in
crime rates and how crime is committed have been
the subject of various studies [1].

Crime represents an important threat to humanity
and is a concept that needs to be analyzed. Today,
big cities attract people due to their wide range of
opportunities, level of development, and work
capacities. This situation brings about initiatives to
facilitate people's lives in many areas, such as urban
development, security, energy capacity, and
environment. The most important of these
initiatives is increasing the security capacity and
strengthening the organizational structure. In this
way, it will be possible to control the crime rates
that determine the quality of life in cities and to
create more livable cities. Many modern
technological structures are used to ensure citizens'
security in these cosmopolitan cities. It is still a big
problem for today's cities, increasing daily. This
problem is growing with the population [2]. It is the
responsibility of security units to control and reduce
this problem. However, to fulfill this responsibility,
the crimes committed in cities should be analyzed
in depth, and the threat levels to society should be
determined. To make this analysis more detailed,
country- and city-based crime statistics from the
past to the present are prepared and shared with
researchers [3-5]. In this way, it is possible to
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determine the types of crime, to reveal the regional
densities of every kind of crime, and to conduct
research to determine their prevalence. Regardless
of the country, many crime records are reported
daily in big cities, and many correspond to real
crimes in the legal sense. In addition, some of these
may be records that do not involve a crime. Making
this distinction may be beneficial in terms of crime
intervention.

The San Francisco Crime Dataset, shared for a
competition to analyze this problem, is an open-
access dataset containing information on more than
800,000 crime records from 39 different crime
types. It includes details of all crime reports made
to the police over 12 years. With this database, it is
possible to analyze crimes, evaluate, and model for
the future with past crime records. In this way, it is
possible to obtain information about the general
situation of the city, and it helps to make plans for
good protection [6].

The main purpose of this study is to propose, test,
and share the results of a machine learning-based
methodology for the units responsible for the
security of a city to use their capacities more
efficiently and to better predict and fight against
crime. In this way, it will be possible to detect
environmental and regional crimes and to reveal
possible scenarios based on past data. The most
basic of these scenarios is evaluating whether the
reported crime records are real crimes. Because not
every crime record will contain a real crime, it is
very critical to predict whether this crime report is a
real criminal incident with the help of the reported
region and basic information. This way, it will be
possible to intervene only in criminal incidents, and
non-criminal incidents will be automatically
evaluated without any loss of labor thanks to this
prediction. To perform this modeling, a series of
analyses such as; (1) converting the San Francisco
dataset into a trainable form with machine learning
models, (2) analyzing the regional distribution of
criminal and non-criminal incidents in the dataset,
(3) revealing the variability of the crime in terms of
date time and day must be completed, and all these
processes have been carried out in this study. Then,
in the modeling phase, steps related to machine
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learning models, such as data pre-processing,
classifier selection, training and testing processes,
and data balancing, were applied. Thus, detecting
criminal and non-criminal cases with higher success
was possible.

The main contributions of this work:

1- Since the features can be used without being
categorized with the proposed model
structure, all spatial and temporal
information was used for classification.

2- Thanks to the doc2vec, unlike the literature,
the data does not need to be categorized.

3- The proposed model differs from the
literature's unique stacking ensemble model
structure and 8 different classifier.

4- The 99% accuracy value obtained for 15
classes is higher than the studies in the
literature.

5- A problem with 15 crime classes has been
addressed for the first time in the literature
and the problem was classified with higher
performance than the 2-class problems.

2. LITERATURE REVIEW

Many studies have been conducted to develop
future prediction models by using statistical data
from past years to detect crime types. This section
reviews and summarizes studies on crime analysis
and classification in the literature. When the related
literature is analyzed, more limited studies are
found than most applied problems.

Junbo et. al. [7] comparatively examined the
performance of different classifier models using the
San Francisco dataset and analyzed the advantages
and disadvantages of each model. The results
indicate that, unlike other studies in the literature,
Naive Bayes performs less than different classifiers.
It has been stated that KNN and GB algorithms
show higher performance, but their training and
testing times are longer. Khan et. al. [8] compared
the results of different classifiers for crime detection
and category analysis. In the tests using the San
Francisco dataset, the 10 categories with the highest
number of crimes were selected, and the tests were
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carried out. The GB algorithm achieved the highest
performance and obtained a 98.5% accuracy value.
The results support other studies in the literature and
prove that the GB algorithm can be more successful
for this problem. Wu et. al. [9] surveyed crime
prediction by analyzing the San Francisco dataset.
Spatial and temporal crime data were analyzed, and
each crime category's probabilities were calculated.
In the evaluation of a 36-class problem, an accuracy
of 28.51% was obtained. In the binary classification
tests, an error value of 2.78% was obtained and it is
stated that the police departments work efficiently
by evaluating the occurrence or non-occurrence of
crime. It has been proved that time and spatial data
contain serious information about crime. Yehya et.
al. [10] used coordinate data, address, date, and day
of the crime to analyze and predict crimes. Tests
were carried out for different machine-learning
models with the San Francisco dataset used in this
study. As a result of the tests, a RMSE value of 2.39
was obtained for the Random Forest classifier.
Arslan et. al. [11] conducted a study in which 10
features were used depending on the time and
location of the crime and classification was made
with Random Forest. In the study, 86.5% success
was achieved in the tests performed using the San
Francisco dataset, and the AUC value was 0.98.

Aldossori et. al. [12] analyzed potential crime
situations to enable law enforcement officers to
detect crimes and suspicious situations. It aims to
detect regional crime categories using existing
crime records with machine learning. In the tests
where the CLEAR dataset of the Chicago Police
Department was used and nine features were
extracted and given to Naive Bayes and Decision
Tree classifiers, 91.68% success was achieved.
Djon et. al. [13] aimed to analyze only theft crimes
among different types of crimes. The prediction was
made by using the spatio-temporal information of
the crime. As a result of data preprocessing and
hyperparameter optimization, an f-score of 86%
was obtained with XGB. Forradellas et. al. [14]
proposed a regional crime prediction model for
Buenos Aires. The model is based on modeling the
records obtained for crimes, such as homicide and
theft, between 2016 and 2019 with machine
learning models. The average MAE and MSE
values obtained with the proposed model after a

1038

series of preprocessing and very transformation
processes were 0.4095 and 1.4602, respectively.
Kim et. al. [15] analyzed Vancouver's crime records
for the last 15 years. The data were obtained from
the National Crime Records Bureau. Crime patterns
were extracted and classified with various
techniques using the data obtained. Among the
structures using multiple models, the highest
success rate was between 39% and 44% with KNN.
Alves et. al. [16] studied crime prediction by
examining the correlation structure between past
crime records. Crime classification was performed
with 97% success using the random forest-based
model. While it was determined that urban structure
is an issue that directly affects crime prediction and
the main factor for Brazil is unemployment. This
situation proves that models should be prepared
using country and city-specific records.

Wu et. al. [17] aimed to predict the crime pattern
and rate using data mining and machine learning
based on regional historical crime records in YD
Country. Using the records of 2012-2015 and the
Bayesian network and Random Forest classifier
models, the link between the type of crime and the
job and gender of the offenders was estimated. As a
result, it was observed that the Bayesian network
has low correlation and poor performance in terms
of various crimes and characteristics compared to
other classifiers. Bandekar et. al. [18] proposed a
structure based on machine learning models based
on the location, time, and nature of crimes
committed in India. They aim to reveal the
connection between settlement locations and the
type of crime. Thus, regional determination of risk
factors and some predictions about crime were
provided. As a result, location detection with
Bayesian, Levenberg, and Scaled algorithm and
statistical correlation with ANOVA achieved 78%
success. Gul [19] examined the analysis and
research methods used to prepare trend series
related to crime and to make predictions on the
development of crime and discussed the
weaknesses and strengths of these methods,
research results, and projections. In this study, it is
examined important factors such as demographic
variables, macroeconomic factors, technology,
globalization, and new strategies in the fight against
crime, which may impact the intensity and structure
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of crime. In the conclusion section, it is suggested
future research and crime forecasts to be conducted
in Turkey. Igbal et. al. [20] proposed a crime
category prediction model using naive Bayes and
decision tree classifiers that can work for different
states of the United States. The results of both
classifiers were compared with the model, and the
highest performance was obtained for the decision
tree classifier, with an accuracy of 83.95%. Saeed et
al. [21] used data mining in crime and community
datasets of the United States, Naive Bayes, and
Decision Tree for crime prediction and analysis and
compared the results. As a result of this comparison,
they claimed that, unlike Igbal, Naive Bayes
performs better than Decision Tree. Another study
with the same dataset [22] conducted an
experimental study in which they calculated the
AUC metric and used different classifiers for crime
prediction and analysis. They compared the results
by integrating other feature selection methods into
the model. As a result, the highest performance was
obtained for the Naive Bayes classifier, and the
AUC value was 0.898.

Table 1. Literature review

Recep Sinan ARSLAN, Burak DULGEROGLU

When the studies in Table 1 were examined, it was
seen that there were limited studies on the use of
artificial intelligence techniques in crime analysis
and detection. It is thought that the main reason for
this is that datasets on the subject are not common,
and the datasets do not have definite value. In
addition, it has been seen in existing studies that
classification is made with basic machine-learning
models. The use of deep learning or ensemble
models is quite limited. In addition, it has been
observed that categorizable features are selected
and used in the training and testing processes. This
study aims to use non-categorical features to solve
these two basic constraints and to develop a model
with high classification success with the ensemble
model structure. In addition, it has been understood
that regional, city, and country-based studies have
been carried out on crime analysis. Modeling on
crime analysis varies from country to country due
to changes in socio-economic conditions. In this
study, analyses were made, and tests were carried
out with the data set of the city of San Francisco.

Paper and year Dataset usage Classifier design Results
KNN: 97.58%
Junbo (2018) San Francisco Crime Dataset Naive Bayes, KNN, GB NB: 97.40%
GB: 97.60%
San Francisco Crime Dataset
Khan (2022) (with 10 categories with the highest number of GB 98.75%
crimes)
San Francisco Crime Dataset with Spatial and 28.51% for 36 class
Wu (2016) Temporal Data KNN, LR 97.12% for binary
San Francisco Crime Dataset with coordinate 0
Yehya (2016) data, address, date and day of crime RF 97.61%
Aldossori CLEAR (Chicago Police Department with 9 0
(2020) features) NB, DT 91.68%
Djon(2023) Chicago Crime Da_taset with spatlo'-temporal XGB 86%
features for analyzing only theft crime
. . . . K-means and neural
Forradellas Buenos Aires Crime Dataset (including 2016 and - - 0.4095 (MAE)
(2021) 2019 crime records) I”:;‘é‘;”k with 2 hidden 1.4602 (MSE)
Kim (2018) Vancouver crime dataset (15 years data) KNN 44%
Alves (2018) Brazil crime dataset (10 years data) RF 97%
Bayesian, Levenberg, 0 . .
(Bzeé)r;doe)kar India crime dataset Scaled algorithms, ggtfcziogncnme location
ANOVA
Igbal (2013) United States dataset Bayes, DT 83.95%
- - - - 5 -
Saeed(2015) USA Communities and Crime Unnormalized NB, DT and rule mining 80% t0'95/o (changing
dataset each crime type)
Shojaee (2013) éJaS{aAsgommumtles and Crime Unnormalized Naive Bayes 0.898 AUC
Avrslan (2023) San Fransisco Crime Dateset Random Forest 86.5%
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3. MATERIAL AND METHOD

Within the scope of this study, a model for crime
category prediction was designed and tested. The
flow chart for this model is shown in Figure 1. As
the first stage of the model, the training dataset
consists of San Francisco crime incidents retrieved
from Kaggle [20]. To model in this published
dataset, the features must be pre-processed and
made trainable and vectorizable with the Doc2Vec
model. To meet this requirement, a series of pre-
processing stages such as stemming, lemmatization,
tokenization, spelling correction, stop words
removal, remove punctions, common words
removal, and rare words removal, which are
commonly preferred in natural language processing
processes, have been tried for testing purposes.
Only stop word removal, lemmatization, and
stemming operations were applied to the data

Pre-processing

stemming lemmatization
San Fransi "

Fga 'raD fcot tokenization Spelling
orensic Latase correction
(competition

dataset) Stop words Remove
removal punctions
Common Rare words

words removal removal

Training data

DBOW MODEL Feature vector for

\ 4

because they contributed positively to the
classification. From the data resulting from this
application, the 15 categories with the most records
were selected and divided into 70% training and
30% testing. After this separation, the training and
test data were trained separately with the Doc2Vec
network and converted into vectors. A
standardization process was applied to the data
resulting from this transformation and was given to
the stacking ensemble model, which includes
different Machine Learning models. The model
structure, which completed the learning phase with
training data, was tested with test data, and its
performance was measured according to different
evaluation metrics for this problem with 15 classes.
The main purpose of this model structure is to
enable classification without converting the features
into categorical ones, unlike the literature, and, as a
result, to achieve high classification performance.

Data Split

Data selection with
undersampling

Train data

(70%)

S —
Test data
(30%)

(15 most common crime
category)
(Represents 93.27% of
the original data.)

7N

Learning Models
Random
Forest
Regression

learning |

Standardization

Testing data

Feature vector for

testing

Test data

Final predictions

Stacking
ensemble
model

Narcoti

Vehicle
Theft

uonepies pjoy

Stacking
> —— Ensemble
Moddl
Perceptron

Decision
I'ree

Evaluation

Accuracy, precision,
recall,
f-score, auc,
training-testing time

Figure 1. Methodology diagram of proposed model
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3.1. Dataset Details

Learning models have been proposed recently for
detecting and preventing crimes. It aims to predict
crime types using these models and assist law
enforcement with these predictions. Many datasets
are openly distributed for this purpose. Some of
these also attract attention as competition datasets.
However, the main difference between these
datasets is that each belongs to a different city and
country. Their features are similar, but the records
belong to different cities. In this study, datasets
were examined, and it was desired to determine a
dataset that was the most recent, collected in the
widest year range, and had many samples. In
addition, since a text-based classification and
analysis will be carried out in this study, the
presence of features that cannot be made categorical
was an important criterion in selection. In line with
these criteria, The San Francisco Dataset, which
contains crime records of San Francisco, was
selected because it is a competition dataset, contains
records distributed over 12 years, and contains text-
based data such as Address, PDDistrict, and
Descript.

The San Francisco dataset contains 878 thousand
crime records obtained from annual crime reports
for 12 years between 2003 and 2015. There are 39
different crime types in this data set, with various
numbers of crime records for each crime type and
some have fewer than 1000 records. Within the
scope of this study, the dataset was filtered for crime
types with 10000 or more records to balance the
number of samples between crime types and
prevent the model from converging to any one class.
As a result of this filtering, a problem with 15
classes, including 14 different criminal category
and one non-criminal category, emerged.

The original record numbers for each class are
shown in Table 2. When the original numbers were
examined, it was seen that there was a serious
imbalancing between crime categories. When
model training is performed with this imbalanced
data set, the models tend to be biased against the
majority class. As a result, while the majority
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classes are successful in prediction, the minority
class may perform poorly. Thus, overfitting to
certain types can cause generalization problems.
When data is increased with over-sampling to solve
this problem, the model may memorize the data and
lead to overfitting. For all these reasons, balancing
was made with data under-sampling. After that, the
training and testing processes of the proposed
model were carried out with a total of 280 thousand
records, approximately 10 thousand records for
each crime category.

Table 2. Dataset sample distribution for different

types of offences and non-criminal
offences
After
Crime type Orjinal \ljvr:?ﬁ rs;mgl;&s
class”
LARCENY/THEFT 174900 10000
OTHER OFFENSES 126206 10000
ASSAULT 94525 10000
DRUG/NARCOTIC 53971 10000
VEHICLE THEFT 53779 10000
VANDALISM 78793 10000
WARRANTS 42212 10000
BURGLARY 75711 10000
SUSPICIOUS OCC 53694 10000
MISSING PERSON 25989 10000
ROBBERY 45503 10000
FRAUD 20974 10000
SINDARY 10000 10000
('\')(F)g'éi'é'E'\g'NA'— 139975 139975

For each record in the dataset, Dates (timestamp of
crime), Descript (short description of crime),
DayofWeek, PdDistrict (district of the city),
Resolution (brief description of crime resolution),
Address (Address of the crime), X (longitude) and
Y (Latitude). In the first stage, these features were
divided into sub-features, as shown in Table 3.
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Table 3. Feature conversion from original dataset
to proposed model

Original feature from Sub-category
dataset conversion

Dates Year, Month, Day,

Sample: (2015-05-13 Hour, Minutes,

23:53:00) Seconds

Descript Descript

Dayofweek Day of week

Sample: (Wednesday)

PdDistrict PdDistrict

Resolution Resolution

Address Address

X X

Y Y

As a result of this segmentation, feature selection
was made on 11 features that emerged except
Address and Description.

There are many different approaches to feature
selection [23]. Among these, the SHAP (SHapley
Additive exPlanations) [24] feature selection
method was used in this study. Shapley distributes
the values more fairly than methods such as LIME
and the difference between the estimate and the
average estimate, and proves this by basing it on a
theory. In addition, it enables comparative
evaluation of each feature on a class basis.

SHAP value was calculated for 11 features obtained
as a result of preprocessing for 280 thousand
records, and classification contribution levels were
calculated. The outcomes are given in Figure 2. The
larger Shapley value indicates that the feature is
more of a classifier. As shown in Figure 2, the
second value does not contribute positively to any
criminal or non-criminal classification classes. The
main reason is that it has the same value for all data.

The “resolution” feature contains textual data with
clues to the crime. This situation reduces the
objectivity of the proposed model. For this reason,
although “Resolution” has the discriminative
ability, as shown in Figure 2, it was removed from
the dataset. The remaining 9 features and “Address”
and “Description” features were merged and
converted into a single textual feature. The vector
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resulting from this transformation was used in the
training and testing processes of the Doc2Vec
model. The main purpose of this two-layer long pre-
processing process is to both reveal the most
distinctive features and use them in classification by
converting text-based features into vectors. This
way, higher performance was achieved compared to
categorical-based models, as given in this study.

Shapley Feature Importance with RF
Hour -
.

¥

uinutes [
month [
<
papistict [l
oay [l

DayofWeek .
mm Class0

Si d:
SN Class 1

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
mean(|SHAP value|) (average impact on model output magnitude)

Figure 2. Feature importance plot for random
forest according to Shap value (Class0:
criminal, Class1: non-criminal)

3.2. Classifier Selection for Ensemble Model

In this study, for the 1st and 2nd layers to design the
ensemble model, 8 different classifiers were used,
namely Random Forest, Logistic Regression,
Multilayer Perceptron, Support Vector Classifier,
K-nearest neighbor, XGB, Gaussian Naive Bayes,
and Decision Tree, which have different
architectural structures and are widely used to solve
various problems [25-27]. After this, each classifier
was tested independently of each other. During this
testing process, hyperparameter optimization was
performed. Therefore, the performance values in
the next section show the highest achievements
obtained due to optimization. To place 8 different
classifiers in the stacking ensemble model, selecting
the machine learning model to work as a decision-
maker in the 1st and 2nd Layers is necessary. This
selection was made according to the pre-test results,
and the SVC classifier with the highest result was
used as the decision-maker in the model.
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3.3. DBOW Model

The DBOW (distributed bag of words) model is a
variant of a popular word embedding method called
Word2Vec [28] and the architecture of model is
shown in Figure 3. Word2Vec is used to learn word
vectors (numerical representations) and is often
used in natural language processing (NLP) tasks.
The DBOW maodel is one of the two main variants
of Word2Vec [29, 30]. The working principle of the
DBOW model is as follows:

1. Data Preparation: The first step is to create a
vocabulary representing a large text dataset.
Each word is assigned a unique vector.

2. Training: The DBOW model learns word
vectors without considering the context of a
word. It treats each word independently and
tries to predict a random word within a
"context window".

3. Prediction: Without capturing each word's
context in the dataset, the model makes
predictions using other words around that
word. These predictions are used to capture
word associations in the dataset.

4. Training Result: The model improves by
comparing its predictions with the actual
labels. This is used to update the word
vectors at each step.

As a result, the DBOW model treats each word
independently and learns word vectors instead of
directly modeling word relations within the text.
These vectors represent the word's semantic
meaning and its position in the text. The DBOW
model can be used in many NLP tasks, such as word
similarity measurement, document classification,
and text generation.

Classifier on

Average
Concatenate

[TIIT] CITTITT [T I

Paragraph
Matrix

f‘arl 'mph

Figure 3. DBOW model architecture [28]

C.U. Miih. Fak. Dergisi, 38(4), Aral:k 2023

Recep Sinan ARSLAN, Burak DULGEROGLU

3.4. Stacking Ensemble Model Structure

(Proposed Model)

Stacking ensemble model is an ensemble technique
that aims to create a more powerful predictor by
combining multiple machine learning models [31].
The basic components of the stacking ensemble
model are as follows:

1. Base Models: The first step is to create
multiple base models using different
machine learning algorithms or the same
algorithm with other parameters. For
example, algorithms such as decision trees,
random forests, support vector machines
(SVM), or gradient boosting models can be
used.

2. Meta Model (Stacking Model): The second
step is to create a “meta-model” or “top
model” using the predictions of the base
models. This meta-model takes the
projections of the base models as input and
makes final predictions using these
predictions. Usually, this meta-model can be
a regression or a classification model
because its purpose is to combine the
projections of the base models and obtain a
better result.

3. Training and Evaluation: The base models
are trained separately, and then the meta-
model is trained using the predictions of
these models. The stacking model can be
optimized, and its performance can be
evaluated by techniques such as cross-
validation.

4. Combining Predictions: In the last step, the
stacking model is used to make predictions
on new data. The predictions of the base
models are given as input to the meta-model,
and the meta-model uses these predictions to
produce the final predictions.

The stacking ensemble model structure proposed in
this study is shown in Figure-4. Stacking ensemble
models allows different models to balance each
other's shortcomings and achieve a stronger
performance.
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Random Forest
Logistic Regression

San Francisco
Dataset Training
set

San Francisco
Dataset Training
set (New)

Meta Model
sSVC

Final Prediction

Figure 4. Stacking ensemble model structure

3.5. Evaluation Metrics

Evaluation metrics used to measure, analyze, or
compare the performance of a model. These metrics
determine how good or bad a model is and are
usually based on comparing a model’s predictions
with actual values. The results of this study were
measured with the accuracy, precision, recall, f-
score and AUC value given in Equations 1-4 and
were evaluated comparatively in the next section.
For multiclass classification problems, TP, TN, FP,
and FN numbers are found for each class, and
metrics are calculated. In this study, performance
measurement was carried out using the equations
below for the 15-class dataset.

1. Precision: Precision measures how many of the
samples predicted as positive are actually positive.
It aims to reduce the number of false positives.

15
Zi=1 TP;

Precision = —=——
Yi2 (TP{+FP;)

@
2. Sensitivity (Recall): Sensitivity measures how
many true positives are correctly predicted. It aims
to reduce the number of false negatives.

15
Zi=1 TP;

Recall = —Zl-lﬁl(TPﬁFNi)

@

3. F-Score: F-Score is a metric that represents the
balance between precision and sensitivity. It
summarises the classification performance of the
model.

2*xPrecision*Recall
F —score = ———MMMM@M (3)

Precision+Recall
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4. Accuracy: Accuracy is the ratio of correct
predictions to total predictions. It is generally used
in classification problems.

15
2i21(TPi +TN;)
Y15, (TPi+ TN;+FP;+ FN;)

Accuracy = (4)
5. ROC Curve and AUC: The ROC curve shows the
relationship between sensitivity and specificity at
different limiting thresholds. AUC measures the
area under the ROC curve and evaluates the
classification ability of the model.

Evaluation metrics are used to measure the model's
success and improve the model quantitatively.
Which metrics to use may vary depending on the
data type, task, and objective. An evaluation metric
is an important tool for understanding the model's
performance and tuning the model.

4. TEST RESULTS

This study proposes a novel model for classifying
criminal activities using a Doc2Vec structure that
can produce a numerical representation of texts
regardless of length and a stacking ensemble model
with 11 different machine-learning models.

Using data pre-processing techniques on the San
Francisco Crime Classification datasets, machine
learning algorithms were used to analyze the data.
Predictive classification was performed with the
features extracted from the new datasets obtained
using data augmentation techniques. All results

C.U. Miih. Fak. Dergisi, 38(4), Aral:k 2023



obtained for the San Francisco Crime Classification
data are listed in Table 4.

Table 4. Classification results for different ML

algorithms
Classifiers Accuracy | Precision | Recall | Fscore
(%) (%) (%) (%)

Logistic 98.83 98.83 | 98.83 | 98.83
Regression

Random 98.12 9813 | 9812 | 9812
Forest

Decision
Tree 84.49 84.53 84.49 84.5
Causstan 98.14 9818 | 98.14 | 98.15
Linear

Discriminant 98.64 98.64 98.64 98.64
Analysis
Ada Boost 89.58 89.78 89.58 89.65
Extra Trees 98.69 98.69 98.69 98.69
svC 98.89 98.89 98.89 98.89
KNeighbors 98.75 98.75 98.75 98.75
XGB 94.14 94.18 94.14 94.15
MLP 97.24 97.25 97.24 97.24
Voting

Classifier 99.11 99.11 99.11 99.11
Stacking

Classifier 99.28 9918 | 99.38 | 99.2
(Proposed

Model)

When Table 3 is analyzed, it is seen that all
classifiers generally give high performance with the
feature vector extracted with Doc2Vec. Accuracy
value varies between 89.58 and 99.31. Although
there are normal values above 90%, the lowest
value is the DecisionTreeClassifier model, with
84.49%. Precision, recall, and f-score values have
similar values with accuracy. The Stacking
Classifier model proposed in this study obtained the
highest performance. According to the literature,
achieving the highest performance for a model with
15 classes is an important output. The closest to the
model we studied is the VotingClassifier model,
with 99.11%. The critical point is that the features
are extracted as text-based rather than definite and
valuable information, such as address, which is
included in the classification model. To verify these
results with cross-validation, the results of 10-fold
testing of all classifiers are given in Figure 5.
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Figure 5. Cross validation results of ML models
and proposed model

Figure 5 shows the results obtained by machine
learning algorithms after 10-fold cross-validation
on the San Francisco Crime Classification dataset.
The graph can be interpreted based on accuracy
value. In this case, the classifier with the highest
accuracy value is the stacking ensemble, and the
median value is 99.8%. Such graphs help us to
analyze the statistical properties of the data. It
allows us to comment on the accuracy value's
central tendency, dispersion, and outliers. While the
spread of the Ada classifier is the largest, the spread
of the Stacking ensemble classifier is the smallest.
In this case, the most homogeneous distribution in
terms of accuracy value is in the Stacking ensemble
classifier, while the most heterogeneous
distribution is in the Ada classifier. Logistic
regression, Decision Tree, and Extra tree classifiers
have outliers. Outliers are the results that are outside
the calculated minimum and maximum value. In
general, when we look at the Q1 (first quartile), IQR
(interquartile range), and Q3 (third quartile) values
of all classifiers, it is also seen that they show a
symmetrical distribution rather than a skewed
distribution. The lowest accuracy value was
observed in the Decision Tree classifier. The
median (average) accuracy values are close to each
other in logistic regression, SVM, and stacking
ensemble classifiers. The orange line in the graph is
the median value. It shows the central tendency of
the accuracy value.
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ROC for Stacking Ensemble Model
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Figure 6. ROC for stacking énsemble model

Figure 6 shows the ROC Curve of the Stacking
Ensemble Model. If we interpret the result using
this graph, AUC value 1 was obtained in 15 classes.
This indicates that the model has very good
classification ability. This graph's upper left corner
is where false positive and false negative
predictions are minimized. In this region, balance is
achieved for all classes in the diagram. In addition,
10000 samples were worked within each of the 15
classes and were equally distributed. There is no
imbalance between classes. The fact that the graph
curves of the 15 classes are similar shows that the
model predicts all classes equally. The dashed line
in the graph shows the random prediction of the
model. Since the curves for 15 classes are located
on this diagonal, it is clear that the classifier
performs better than random predictions.

Confusion Malrix of Stacking Ensemils Model
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Figure 7. Confusion matrix of the stacking
ensemble model
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The confusion matrix for the stacking ensemble
model is shown in Figure 7. When the results are
analyzed according to this figure, the classes with
the highest accuracy are assault, drugs, suspicious
incidents, robbery, fraud, and forgery, with a 100%
recognition rate. The class with the lowest
recognition rate is warranted, with an accuracy rate
of 98%. The overall success rate is 99%. In addition,
98% and above accuracy values were obtained in 15
classes.

5. CONCLUSION

The tests conducted in this study aim to determine
the criminal and non-criminal status of crime
reports in crime prediction. San Francisco Crime
Classification, which includes crimes committed
for 12 years, was used as a data set. Tests for 11
different machine learning models were performed.
Accordingly, an accuracy value of 99.28% was
obtained for the 15 offense categories with the
highest crime records, while the precision, recall,
and f-score values were 99.18%, 99.38%, and
99.20%, respectively. With cross-validation (k=10),
99.8% success was achieved with a std. Value of
0.001. These performance values are higher than
those of all the studies in the literature using
categorical feature structures. The obtained results
show that the transformation of criminal activity
reports, which contain text-based features, into
vectors that can be processed with natural language
processing techniques such as Doc2Vec instead of
using them categorically in model training can
directly contribute to classification performance
and provides a more efficient model with less pre-
processing. In addition, the proposed model can
help security organizations to develop a more
effective crime response system. These results
prove that crimes can be assessed spatially for cities
and that the probability of crime depends on
regional conditions.

In the future, the same classification model can be
tested on datasets from different cities and countries
and evaluated whether it has similar performances.
In addition, studies can continue transforming more
crime-related data into features through feature
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engineering. Increasing the number of crime types
with a mixture of temporal and spatial analyses can
make more temporal analyses of crime using time
series. Studies can perform better using more
complex and advanced classification models.
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Abstract

Numerical studies on stress, deformation, and damages due to fluid flow have been highly carried out using
Fluid-Structure Interaction (FSI) in recent years. FSI is highly efficient in investigating a solid domain
deformed by the fluid flow. In this study, a one-way fluid-structure interaction study is performed by a
straight pipe under different pressure and thermal conditions. Here, the thermophysical properties of the
fluid and mechanical properties of the solid domain can be subjected to change during fluid flow. An
aluminum straight pipe with a 1 mm wall thickness is operated under 1 Bar, 5 Bar, and 10 Bar with three
different surface temperatures -10°C, 20°C, and 50°C. This study aims to investigate the structural variation
of aluminum by the temperature and pressure change of operating fluid in the pipe. Variation of
thermophysical properties of fluid by heated pipe surface is integrated into the numerical analysis by
generated functions. Numerical analysis showed that the variation of temperature in operating fluid highly
affects the fluid characteristic and the structural response of the solid domain by different temperatures. An
increase in the operating pressure caused maximum deformation to approximately %100 from 1 Bar to
5 Bar, and approximately %120 from 1 Bar to 10 Bar for the adiabatic process as expected but in the heating
conditions stress is nearly three times higher than cooling conditions. As a result, one-way FSI solutions
are highly effective in investigating the deformed solid domain as a result of flow, thermal, and operating
conditions.

Keywords: Structural response, Deformation, Heating, Adiabatic, Fluid-structure interaction

Farkh Is1 ve Basing Kosullar1 Altinda Diiz Bir Boru icin Tek Yonlii Akiskan-Yap1
Etkilesimleri Analizi

Oz

Son yillarda, tek yonli Akiskan Yapi Etkilesimleri (AYE) ile akis karakteristiklerinin yol agtig1 gerilim,
deformasyon ve hasarlar iizerine bir¢ok niimerik ¢alismalar yapilmistir. AYE, akig kosullart ile deforme
olan bir kati cismi aragtirmak i¢in oldukga verilmlidir. Bu ¢aligmada, farkli basing ve termal kosullar altinda
diiz bir boru icindeki akista tek yonlii akiskan yapi etkilesimi analizleri gergeklestirilmistir. Burada

*Sorumlu yazar (Corresponding Author): Gokhan CANBOLAT, gokhan.canbolat@alanya.edu.tr
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akiskanin termofiziksel ozellikleri ve kati bolgenin mekanik &zellikleri akis sirasinda degisime
ugrayabilmektedir. 1 mm et kalinligina sahip aliiminyum diiz bir boru 1 Bar, 5 Bar ve 10 Bar’lik basinglar
altinda ve ayrica yiizey sicakligi -10°C, 20°C ve 50°C olmak iizere farkli operasyon kosullarinda analiz
edilmistir. Bu caligmada boru igerisindeki akiskanin sicaklik ve basing degisimi ile aliiminyumun yapisal
degisiminin arastirilmast amaglanmistir. Isitilan boru yiizeyi ile akigkanin termofiziksel 6zelliklerinin
degisimi, olusturulan fonksiyonlarla sayisal analize entegre edilmistir. Sayisal analiz, akiskandaki sicaklik
degisiminin, akiskan karakteristigini ve kati bolgenin yapisal tepkisini farkli sicakliklar da oldukca
etkiledigini gostermistir. Calisma basincindaki artis ile deformasyondaki maksimum artis beklenildigi gibi
adyabatik duruma goére 1 Bar'dan 5 Bar'a yaklagik %100, 1 Bar'dan 10 Bar’a ise yaklasik %120’ye
ulagsmistir. Ancak 1sitma kosullarinda olusan gerilimin, sogutma kosullarina gore yaklasik ii¢ kat daha fazla
saptanmustir. Sonug olarak tek yonlii FSI ¢oziimlerinin akis, 1s1 ve ¢aligma kosullart altinda deforme olan

kat1 bolgenin incelenmesinde oldukga etkili oldugunu gosterilmistir.

Anahtar Kelimeler: Yapisal tepki, Deformasyon, Isitma, Adyabatik, Akiskan yap1 etkilesimi

1. INTRODUCTION

Conveying fluids in pipes are commonly used in
many engineering fields such as mechanical,
nuclear, marine, civil, petroleum, and electric. In
many applications, some failures may occur due to
variations in fluid flow and thermal operating
conditions. Here, variation of flow characteristic
effects directly the solid domain under different
operating conditions. Therefore, the interactions
between fluid flow and solid domain with the
pressure that occurred by the flow need to be taken
into account during flow [1].

Fluid-structure interaction is a method that
investigates deformation, stress, and failures in the
solid domain due to the fluid flow. These
interactions can occur in many natural phenomena
and the system designed by the engineers. Fluid-
structure interaction can be also defined as the
interaction between rigid and deformable structures
with internal or external flows and it is also a branch
related to the loads that occur by the flow with the
structural response [2]. In the piping systems,
various dynamics forces occur. These forces may
move the piping systems and deform so fluid and
solid domains can not be solved separately in the
engineering approach. FSI is an important method
during engineering design with its multidisciplinary
advantages [3-5].

One way of fluid-structure interaction is the

workflow that results from the fluid model transfers
to the solid domain as an external or internal load.
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For one way fluid-structure interaction, fluid flow is
calculated till the convergence criteria. The forces
calculated from the fluid flow at the boundary are
transferred to the solid domain. After that structure
domain is solved till the convergence criteria of
solid mechanics [6-7].

Various FSI studies on pipe flows are performed in
the literature from various perspectives. In the
study, a fluid-structure interaction study is
performed to investigate a water hammer with a
thick-wallet pipe. The model of the study is based
on conventional water-hammer with beam theories.
The governing equations of straight pipes are
derived according to the cross-sectional area by
two-dimensional basic equations. They revealed
that the FSI method is highly effective in pipe flow
[8]. In a study, the FSI method is used in straight
pipeline systems during the hydraulic transient. The
interaction mechanism is modeled by the Poisson,
friction, and junction coupling. The resistance due
to the movement by inertia and dry friction is
coupled with junction coupling. They concluded
that the FSI solver is capable of resistance to the
movement of straight pipelines [9]. In a study, it is
specified that pipes are used to transport high
velocity or pressurized fluid generally under
different operating conditions. Therefore vibration
problems highly occur in the piping system. It is
aimed at the study that determines the behavior of
fluid flow to valve closure excitation by the FSI
method. It is concluded that structural velocity
reduces when the FSI effects are taken into account
in piping systems with fluid transients by valve
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closure excitation [10]. In a study, the FSI method
is used to assess flow erosion and deformation of
pipes used in oil transportation. This study aims to
investigate  deformation, stress, and flow
conditions. It is concluded that the flow field and
deformation of the pipe are highly important for the
structural domain [11]. In a study, the slug
characteristics of crude oil grades were investigated
numerically to assess the effect of change in the
stresses. The study was performed by fluid-
structure interactions with the horizontal carbon
steel pipes. It is found that the increase in the
density of the crude oil leads to the formation of
slugs close to the inlet side of the tube with high
velocities [12]. In a study, deformation and flow
erosion in a pipe flow re investigated numerically in
a gas-solid flow. Three-dimensional RANS
equations are used to carry out the study of the
motion of the continuous fluid phase. The FSI
method is used for the analysis to calculate
deformation. They concluded that erosion rate and
deformation are connected to structural changes and
inlet conditions [13]. In a study, a pipe flow is
studied by using FSI to observe local damages.
Poisson, friction, and joints were investigated by the
different supports. They concluded that different
supports caused the various structural responses
[14].

In this study, a pipe with 50 mm diameter, 1000 mm
length, and 1 mm thickness is analyzed by FSI. It is
specified in various studies in the literature that the
FSI method is highly effective in guiding
deformation and stress in fluid-solid flows. A
straight pipe that is aluminum is investigated under
three different inlet pressures and three different
surface temperatures. Here, the surface temperature
of the wall is 263 K, 293 K, and 323 K while the
fluid is at 293 K. The adiabatic case is also analyzed
and the differences are shown in the study. The
change in thermophysical properties of the fluid by
the temperature in terms of density and viscosity is
taken into account during the flow. The mesh
sensitivity test is performed to obtain a sufficient
mesh element number according to Wall Shear
Stress (WSS) and y'. Results show that variations
in the thermophysical properties of the fluid are
quite dominant in deformation and stress that occur
by solid domain. Here, deformations are between
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the range of 0—0.0005 mm, 0.0005-0.001 mm, and
0.01- 0.012 mm for adiabatic cases at 1 Bar, 5 Bar,
and 10 Bar respectively.

2. MATERIAL AND METHOD

Geometry, generation of mesh, mesh sensitivity
test, boundary conditions, governing equations, and
numerical methods are presented in this section.

2.1. Domains, Mesh, and Mesh Sensitivity Test

Figure 1. shows the used geometry in numerical
analyses. Here, the length (L) of the pipe is 1000
mm, the diameter (D) of the pipe is 50 mm, and the
thickness (t) of the solid domain is 1 mm. As it is
known, the length of the pipe needs to be a
minimum of 10 times the diameter of the pipe for a
turbulent flow [15]. For this reason, the pipe length
is constructed as 20 times the diameter to obtain the
fully developed flow in this turbulent flow. Here,
the z direction is the flow direction in the coordinate
system and the center of the pipe is constructed to
the center of the coordinate system.

o ()

3900t

Figure 1. Mesh for the pipe and fluid domain

The generated mesh is shown in Figure 1 by using
Ansys Fluent. The fluid domain is meshed by the
triangular elements and the hexahedron mesh type
is used for the solid domain. An important step is
the mesh generation in a numerical analysis. A
sufficient mesh element number is needed to be
determined by the mesh sensitivity test. y* value
and WSS are commonly used during the mesh
generation [16—18].
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Figure 2. shows the mesh sensitivity test performed
in this study. As is shown, the mesh sensitivity test
is performed according to WSS and y* values.
When the blue bars indicate the y+ values, orange
bars indicate the WSS values. Here, the y+ value is
the dimensionless number to measure the distance
of'the first cell to the surface. Changing element size
is combined with the seven different mesh element
numbers. The first mesh is constructed with an
185025 mesh element number, and it is increased
gradually to 3640452 element number. In the first
mesh, the y* value is nearly 3.3 however it is
decreased to 1.1 with the increase in element
number. According to Figure 2., the change in WSS
and y+ values decreased after the mesh element
number 2080735. So it is determined that the
element number 2080735 is sufficient to perform
numerical calculations. Here, an increase in element
number does not affect the y+ and WSS values. 9-
layer inflation is used close to the pipe wall to
predict the boundary layer in detail with a 1.2
growth rate. In this study, structural response and
WSS are mainly investigated so a dense mesh is
needed in the boundary layer [19].

So it is concluded that this mesh element number is
sufficient to perform numerical analyses with a 1
mm element size. Thus it is avoided to perform the
numerical calculation with the insufficient mesh

element number and it is also avoided the
computational cost with large mesh element
numbers.

L] W55 15

g
1
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4
+|
2l
15
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o o
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ABS0T5 126124
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1050657 080735 AT 880452
Mesh Element Number

Figure 2. Sensitivity test for the constructed mesh

2.2. Boundary Conditions, Numerical Approach,
and Governing Equations

In this study, an incompressible, fully developed,
and homogeneous flow is analyzed. No slip
boundary condition is implemented at the wall. The
interface surface is the inner wall of the pipe for the
fluid-structure interactions. So data transfer is
provided from this surface as pressure to the solid
domain. numbers.
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Figure 3. Comparison of generated viscosity function with the data from the literature [15]
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Figure 3 shows the generated viscosity function of
the water used in this numerical study as fluid. In
this study, the viscosity of the water is changed with
temperature  because of different surface
temperatures implemented on the pipe surface. A
viscosity function is generated by using data of the

water according to temperature versus viscosity
from the literature by using the Matlab Curve
Fitting tool. Here, the Fourier Series is used to
reflect the viscosity change of water by temperature.
The general Fourier Series is shown below.

- ” nmx i PX
f(X)_a°+Zn=1 (ancos n + b, sin L) (1)

Gokhan CANBOLAT

a, = % f_“n f(x) cos(nx) dx 3)
b, = % f_ﬂﬂ f(x) sin(n x) dx 4)

By using the Fourier Series, a viscosity function is
generated from n=1 to n=3. This generated function
is integrated into Ansys to take into account
variation of viscosity. The generated viscosity
function is shown below.

w(T) =ao+ a1 * cos (T*w) + by * sin(T*w)
+ ax * cos(2*T*w) + by * sin(2*T*w) + a3 )
* cos(3*T*w) + bs * sin(3*T*w)

The coefficients of the Fourier Series generated for
the viscosity are a¢=0.004028, a;=-0.0006304,
b,=0.0008052,

where b1=-0.005247,  a,=-0.001862,
’ a3=0.0002512, b3=0.0002638, and w =0.02094
1 om respectively. T is temperature and p is the dynamics
4 =~ f_n f(x) dx () viscosity in the function.
s s From the Literature e Generated Density Function
995
990
- 985
E
;ﬂ‘-‘! 980
F o
g 970
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955
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Figure 4. Comparison of generated density function with the data from the literature [15]

By using the Fourier Series, a density function is
generated from n=1 to n=3. This generated function
is integrated into Ansys to take into account
variation of density. The generated density function
is shown below.

pp(T)=ap+a; * cos(T*w) + b; * sin(T*w)

+a, * cos(2*T*w) + by * sin(2*T*w) + a3 (6)
* cos(3*T*w) + bz * sin(3*T*w)

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023

The coefficients of the Fourier Series generated for
the viscosity are ap=957.1, a;=41.47, bi=17.54,
2;,=2.066, b,=-6.523, a;=-0.757, b3=-0.3782, and
w=0.02009. T is the temperature and p is the density
in the function.

The variation of the viscosity and the density of the

water by temperature is integrated with the
numerical analyses mentioned above. In this way,
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the change in fluid characters is considered for the
pipe flow. Otherwise, the variation of viscosity and
density changes the numerical results then the
transferred data from the fluid domain to the solid
domain may not reflect the actual values.

Table 1 shows the thermophysical properties of the
water used as the fluid in this numerical study.
Density and viscosity are specified in Figure 3 and
Figure 4 because of changes in the temperature. So
it can not accept constant density and viscosity for
the fluid in this study. Here, the change in thermal
conductivity and the specific heat by temperature
are ignored.

Table 1. Thermophysical properties of the fluid

Density Figure 4 kg/m3
Viscosity Figure 3 MPa
Thermal conductivity 0.6 W/m-K
Specific heat 4182 J/kg-K
Table 1. Mechanical properties of the aluminum
Density 2719 kg/m3
[Young's modulus 71000 MPa
Thermal conductivity 237 W/m-K
Specific heat 871 J/kg-K
IPoisson ratio 0.33

Bulk modules 69608 MPa
Tensile ultimate strenght | 310 MPa

Table 2 shows the mechanical properties of the
Aluminum used in this study as the solid domain.
The change in properties of the solid domain is
ignored. The variation of fluid properties is taken
into account and the effects of this variation are
investigated in this study.

Re = % (7

The ratio of the inertial forces to viscous force is
defined as the Reynolds (Re) number. Here, U, p, L,
and Dy, are velocity [m/s], density [kg/m3], dynamic
viscosity [Pas], and characteristic length [m]. In this
study, high pressures are implemented on a pipe
with a small diameter so Re numbers are highly
large and this is a turbulent flow due to Reynolds
numbers of 647000, 1200000, and 1900000 for the
1 Bar, 5 Bar, and 10 Bar respectively.
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One-way FSI is used so ALE approach is needed to
couple of fluid mechanics and solid mechanics. The
equation of Cauchy’s law for motion is derived to
balance the forces. The product of the velocity and
density is balanced with the divergence of the stress
tensor and other body forces.

p[g—‘:+u.Vu]:V.0+f (8)

where p is the solid density, u is the velocity vector,

o is the Cauchy stress tensor, and f is the external
body force. The displacement of the fluid-solid
interface and fluid domain is derived from the ALE
configuration [20].

ad
pr |5 + ur. Vuy ] — Vp + uVu )

V.ug=0 (10)
where p¢ is the fluid density, uf is the velocity
vector, u is the dynamic viscosity, and p is the
pressure in the fluid domain.

a%ds _
Ps Sz ~ V:Os

where,

)

d; is the solid displacement, pg solid density, oy is
the Cauchy stress in the tube. The forces and
velocities must be equal in the fluid-structure
interface.

Ur = Uy at the interface of fluid-structure (12)
os.n=1.n (13)
where,

o, is the Cauchy stress tensor, n is the unit normal,
and I is the real stress.

In this study, the SST k- model was used to predict
the turbulent flow. Transport equations for the SST
k-» model;

a(pk)+6(pkuo:i[ Ok 1 4 G- Yy + Sy (14)

at axi  ox | Kox
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(15)

M+_B(P“’“i):i[ ()
ot % ax; [ @ ox;
k and o are the kinetic energy and specific
dissipation rate in the SST k- o turbulent model. Gy
is defined as the generation of turbulence kinetic
energy. G, is the generation of w. I, and Iy are the
effective diffusivity of @ and k, respectively. Y, and
Yk and are the dissipation of ® and k. Sy and S, are
user-defined source terms in Equation [4,21].

All the second-order upwind discretization is used
during the numerical simulation to discretize the
momentum, turbulent kinetic energy, pressure, and
turbulent dissipation rate. The criteria for the
convergence is chosen 107 in the residuals. Steady-
state and 3D flow analyses are performed.

[\ Solution of structure

Interpolate forces on
structure mesh

(6]

[mie]
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Figure 5 shows the algorithm of one-way FSI. In
this model, the fluid domain is highly thrilled by
structural deformations. In this way, structural
calculations and CFD can be solved independently
with data transfer. In the one-way coupling
algorithm, only fluid pressure is transferred to the
structural domain from the fluid domain [22].

3. RESULTS AND DISCUSSION

In this study, the main purpose is to investigate
deformation and Von Mises stress according to
changing flow parameters. The parameters such as

deformation and Von Mises stress are related to
both the thermophysical properties of the fluid and
elastic properties of the material in a coupled flow
structure analysis. The pressure of 1 Bar, 5 Bar, and
10 Bar is implemented for the inlet of the pipe.
Heating and cooling effects on the surface of the
solid domain are studied with the same temperature
of the fluid for the solid wall. The changing
thermophysical parameters for the density and
viscosity are used for the fluid to assess the effect of
deformation and Von Mises stress. Fluid is at the
temperature of 293 K in all cases and the surface of
the solid domain is 263 K for cooling and 323 K for
heating. Here, results are shown for the along the
pipe length for these nine cases.

= Velocity Magritude
358
2995
2835

W TE
2515
2385
2195
2035
1875

Figure 6. Velocity vectors of the inlet for different pressures a) 1 Bar, b) 5 Bar, and c) 10 Bar
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Figure 6 shows the velocity vectors for the adiabatic
cases solved in this study. Here fluid is at 293 K.
The inlet velocities are around 13 m/s,26 m/s, and
39 m/s.

The turbulent flow occurs in the pipe in all cases as
mentioned by Re numbers. The velocity increases
with an increase in pressure implemented for the
inlet as expected.

The velocity contours present the flow paths here.
Figure 7 presents the variation of the deformation
by the constant surface temperature of the solid
surface at the pressure of 1 Bar. Here, there are three
thermal conditions they are heating at 323K,
cooling at 263 K, and in the adiabatic case, there is
no heat transfer. In the adiabatic case, the fluid at
293 K, and the surface is 293 K also. So there is no
heat transfer here, energy equations are not solved

in this case. Here, the deformation is almost none
for the adiabatic case. It is in the range of 0 — 0.0005
mm. However, the deformation is highly large for
the heating and cooling cases. It is in the range of
0.012 mm — 0.014 mm in the middle of the pipe.

Figure 8 presents the variation of the Von Mises
stress by the constant surface temperature of the
solid surface at the pressure of 1 Bar. Here, there are
three thermal conditions they are heating at 323K,
cooling at 263 K, and in the adiabatic case, there is
no heat transfer. In the adiabatic case, the fluid at
293 K, and the surface is 293 K also. So there is no
heat transfer here, energy equations are not solved
in this case. As it is seen, Von Mises stress is highly
low for the adiabatic case. However, the stress is
highly large for the heating and cooling cases. It is
nearly 8 MPa for the cooling case and it is nearly 16
MPa for the heating case along the pipe. cases.

—— Temperature of 323 K

Deformation [mm)

— Adiabatic Case

—— Temperature of 263 K

0001 O 100 200 300 400

Lenght [mm)]

Figure 7. Deformations at the pressure of 1 Bar

—Temperature of 323 K

Equivalent von MiseS-5tress [MPa]

——Adiabatic Case

Temperature of 263 K

100 200 300

B0
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Figure 8. Von Mises stress at the pressure of 1 Bar
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Figure 9 presents the variation of the deformation
by the constant surface temperature of the solid
surface at the pressure of 5 Bar. Here, there are three
thermal conditions they are heating at 323K,
cooling at 263 K, and in the adiabatic case, there is
no heat transfer. In the adiabatic case, the fluid at
293 K, and the surface is 293 K also. So there is no
heat transfer here, energy equations are not solved
in this case. Here, the deformation increases
according to the case of 5 Bar and its range of
0.0005 mm — 0.001 mm in the adiabatic case. When
the heating and cooling cases are investigated, the
deformation is highly large for the heating and
cooling cases. It is in the range of 0.0lmm — 0.012
mm in the middle of the pipe.

Gokhan CANBOLAT

Figure 10 presents the variation of the Von Mises
stress by the constant surface temperature of the
solid surface at the pressure of 5 Bar. Here, there are
three thermal conditions they are heating at 323K,
cooling at 263 K, and in the adiabatic case, there is
no heat transfer. In the adiabatic case, the fluid at
293 K, and the surface is 293 K also. So there is no
heat transfer here, energy equations are not solved
in this case. As it is seen, Von Mises stress is highly
low for the adiabatic case. However, the stress is
highly large for the heating and cooling cases. It is
nearly 6 MPa for the cooling case and it is nearly 13
MPa for the heating case along the pipe.

——Temperature of 263 K

0.012

0.010

0.008

0.006

Deformation [mm]

0.004

300

400

Lenght [mm]

——Adiabatic Case =~ ——Temperature of 323 K

500

Figure 9. Deformations at the pressure of 5 Bar

——Temperature of 323 K

Equivalent von MiseS-Stress [MPa]

0 100 200 300 400

——Adiabatic Case

Lenght [mm)]

—— Temperature of 263 K

500 600 700 800 900 1000

Figure 10. Von Mises stress at the pressure of 5 Bar
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Figure 11 presents the variation of the deformation
by the constant surface temperature of the solid
surface at the pressure of 10 Bar. Here, there are
three thermal conditions they are heating at 323K,
cooling at 263 K, and in the adiabatic case, there is
no heat transfer. In the adiabatic case, the fluid at
293 K, and the surface is 293 K also. So there is no
heat transfer here, energy equations are not solved
in this case. Here, the deformation increases
according to the case of 10 Bar and its range of
0.001 mm — 0.002 mm in the adiabatic case. When
the heating and cooling cases are investigated, the
deformation is highly large for the heating and
cooling cases. It is in the range of 0.01lmm — 0.012

mm in the middle of the pipe. Figure 12 presents the
variation of the Von Mises stress by the constant
surface temperature of the solid surface at the
pressure of 10 Bar. Here, there are three thermal
conditions they are heating at 323K, cooling at 263
K, and in the adiabatic case, there is no heat transfer.
In the adiabatic case, the fluid at 293 K, and the
surface is 293 K also. So there is no heat transfer
here, energy equations are not solved in this case.
As it is seen, Von Mises stress is highly low for the
adiabatic case. However, the stress is highly large
for the heating and cooling cases. It is nearly 4 MPa
for the cooling case and it is nearly 11 MPa for the
heating case along the pipe.

0.014 —— Temperature of 263 K

0.012

o
S o
& o
&

Deformation [mm)]

0.004

0.002

100 200 300 400
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Figure 11. Deformations at the pressure of 10 Bar
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Figure 12. Von Mises stress at the pressure of 10 Bar

1058

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023



FSI analysis showed that deformations and Von
Mises stress increase with the increase in pressure
as expected for adiabatic cases. However, in all
heating or cooling cases, huge differences are
observed for the deformation and Von Mises stress
due to variations in the thermophysical properties of
the fluid. Variation in the thermophysical properties
of the fluid affects the flow conditions considerably
[23]. The advantages of FSI analysis are obvious
according to the pure solid mechanics [24]. Pure
solid mechanics calculations may result in lower or
larger deformations or stress with unpredictable
values [1].

When the figures of deformation and stress are
discussed, the sudden rise in these results is
observed at the inlet of the pipe. This can be
interpreted by developing flow and hydraulic shock
when a sudden pressure occurs at the pipe. Here,
sudden pressure is a non-stationary flow and sudden
change of velocity [25]. Excessive deformation and
stress can occur by the abrupt acceleration in a pipe
[26].

4. CONCLUSION

In this study, fluid mechanics and solid mechanics
are coupled in pipe flow. Straight aluminum pipe is
pressurized suddenly with different pressure values
as 1 Bar, 5 Bar, and 10 Bar. The deformations and
Von Mises stress are investigated under different
operating temperatures as heating, adiabatic, and
cooling cases by pressures by fluid-structure
interactions. A fully developed flow condition is
supplied by the length of the pipe. The variation of
density and viscosity is taken into account by the
generated function. In this way, the variations of
these parameters are considered for the fluid during
the flow.

According to the results, the following evaluations
were reached:

e When the thermal conditions of the pipe are
assessed for the heating, adiabatic, and
cooling cases, the deformations and stress
are highly low according to the thermal
process. The results near the inlet showed an
abrupt rise due to developing flow.

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023
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Therefore developing flow significantly
increases the investigated parameters in a
turbulent flow.

e An increase in the pressure, for the same
flow conditions at the constant surface
temperature decreases heat transfer to the
fluid so deformation and stress present a
decrease along the pipe. This can be
achieved by variable thermophysical
properties of the fluid. Unless these results
may vary and lead to unpredictable values.

e Developing flow increases the heat transfer
from the pipe to the fluid and also increases
the deformation and stress for the solid
domain.

e Even though a rise in the temperature affects
the solid domain to deformation, the
variation of the thermophysical properties of
the fluid compensates for this effect due to a
decrease in the viscosity.

FSI analyses are highly important in investigating a
solid domain interaction with a fluid to observe
structural response because the variation of
thermophysical properties of the fluid directly
changes pressure distribution on the surface of the
solid domain.
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Oz

Elektromekanik diisiik frekansh salinimlar, biiyiik ¢apli enterkonnekte gii¢ sistemlerinin kararlilig1 igin
baslica kaygilar arasindadir. Etki ettikleri sistem bilesenlerine bagli olarak bu diisiik frekansli salinimlar,
lokal salinimlar, alanlar arasi salinimlar, kontrol modu salinimlari veya burulma modu salinimlari olarak
smiflandirilabilirler. Alanlar arasi salinim, birbirlerine zayif baglanti hatlari ile bagl yiiksek miktarda gii¢
transferinin yapildig1 iki alanda bulunan generator gruplarinin birbirlerine karsi salinimlari ile meydana
gelmektedir. Generatorlerin uyarim sistemine ek bir soniimleme sinyali eklenmesi i¢in kurulan gii¢ sistemi
kararlastiricilar1 (PSS) lokal modlarin séniimlendirilmesinde oldukga etkili bir ¢6ziim iken alanlar arasi
modlarm soniimlendirilmesinde yetersiz kalmaktadirlar. Bunun nedeni alanlar arasi modlarin
gozlemlenebilirliginin lokal sinyallerde diisiik olmasidir.

Gti¢ sistemlerinde gii¢ aktarim kontrolii ve gecici durum kararlilifi saglama gibi amaglarla kullanilan
Tristor Kontrollii Seri Kompanzatér (TCSC) cihazlar, alanlar aras1 modlarin gdzlemlenebilirliginin yiiksek
oldugu sinyallere (global sinyaller) dogrudan erisimi saglandiginda bu modlarin séniimlendirilmesine de
katki vermektedirler. Global sinyal tabanli PSS ve TCSC cihazlarin koordineli kullanimiyla alanlar aras1
salimim modlarinin séniimlendirilmesinde etkili sonuglar alinmaktadir. Bu galismada alanlar arast salinim
caligmalarinda referans model olarak kullanilan 2 alanli 4 generatdrlii gii¢ sistemi i¢in TCSC tabanli bir
genis alan soniimleme kontrol sistemi tasarlanmistir. Soniimleme performansi oncelikle sistemde sadece
TCSC aktif iken degerlendirilmistir. Sonrasinda global sinyal tabanli bir PSS, TCSC {izerinden sisteme
eklenmis ve performans degerlendirmesi yeniden yapilmistir. Benzetim sonuglar ile global PSS ve
TCSC’nin koordineli kullanimiyla hem alanlar arasi salinimm modlarinin basariyla séniimlendirildigi hem
de alanlar aras1 gii¢ aktariminin iyilestirildigi gosterilmistir.

Anahtar Kelimeler: Alanlar-arasi salinim, Genis-alan soniimleme kontrolii, Fazor 6l¢lim tinitesi (PMU),
TCSC

*Sorumlu yazar (Corresponding author): Ahmet Naci METE, mete@mersin.edu.tr

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023 1061



Giig Sistemlerinde Alanlar-Arasi Salimimlar igin bir Tristor Kontrollii Seri Kapasitor (TCSC) Tabanl Genis-Alan
Séniimleme Sistemi Tasarimi

Thyristor Controlled Series Capacitor (TCSC) Based Wide-area Damping System
Design for Inter-area Oscillations in Power Systems

Abstract

Electromechanical low-frequency oscillations are among the primary concerns for the stability of large-
scale interconnected power systems. Depending on the system components they affect, these low-frequency
oscillations can be classified as local oscillations, inter-area oscillations, control mode oscillations, or
torsional mode oscillations. Inter-area oscillation occurs when generator groups in two areas connected by
weak tie lines involving large amount of power transfer experience oscillations relative to each other. While
Power System Stabilizers (PSS) are an effective solution for damping local modes by adding an additional
damping signal to the excitation system of generators, they are insufficient in dampening inter-area modes.
This is due to the lower observability of inter-area modes in local signals.

Thyristor Controlled Series Compensators (TCSC) devices, which are used in power systems for purposes
such as power transfer control and transient stability, also contribute to the damping of inter-area modes
when direct access to signals with high observability (global signals) of inter-area modes are provided.
Effective results in damping inter-area oscillation modes are achieved through the coordinated use of global
signal based Power System Stabilizers (PSS) and TCSC devices. In this study, a wide-area damping control
system based on TCSC was designed for a 2-area 4-generator power system, which is used as a benchmark
model in inter-area oscillation studies. The damping performance was initially evaluated with only TCSC
active in the system. Subsequently, a global signal-based PSS was added to the system via TCSC, and the
performance evaluation was conducted again. Simulation results demonstrate that the coordinated use of
global PSS and TCSC successfully dampens inter-area oscillation modes and improves inter-area power
transfer.

Keywords: Inter-area oscillations, Wide-area damping control, Phasor measurement unit (PMU), TCSC

1. GiRiS sistemine  eklenmesiyle gerceklestirilmektedir.
PSS’lerin alanlar arast saliim modlarinin
Birbirlerine zayif baglanti hatlartyla bagli olan  soniimleme kontroliine etkisi, bu modlarin

gozlemlenebilirliginin  lokal sinyallerde zayif
oldugu durumlarda olduk¢a diisiikk olmaktadir.
Alanlar arasi salinim modlarinin bir alandan
gozlemlenebilir, diger alandan da kontrol edilebilir
oldugu durumlarda da PSS’ler bu salimimlarin

biiyiik dlgekli gii¢ sistemleri arasindaki salinimlar
1920 yilindan bu yana raporlanmustir [1]. Alanlar
aras1 ya da lokal olarak smiflandirilabilen bu
elektromekanik salimimlar generatorlerin  dogal
ozellikleri sonucu olusmaktadirlar [2]. Alanlar arasi

salmmm frekanslari 0.1-1 Hz arasinda olup soniimlenmelerinde yetersiz kalmaktadirlar [3].
genellikle diisiik soniimleme karakteristigine

sahiptirler. Diisiik frekansli bu salimmlari  PSS’lerin  alanlar arast salimim  soniimleme
soniimlemek icin farkli metotlar kullanilmaktadir. ~ kontroliinde daha etkili olabilmesi, global sinyal
Yillardir yapilan caligmalarda gii¢ sistemi  olarak da bilinen fazdr Olgiim iiniteleri (Phasor
kararlastiricilarin (PSS) kullanimi lokal ~Measurent Unit (PMU)) tarafindan saglanan genis

salinimlarin séniimlenmesinde maliyet ve tasarim
kolayliklar1 agilarindan en etkili ¢6ziim olarak
kabul edilmektedir. Bu soniimleme kontroli,
generator hizi, aktif giic ya da bara frekansi gibi
lokal sinyaller kullanilarak elde edilen ek bir
soniimleme sinyalinin  generatdrlerin  uyartim
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alan  Olglimlerinin  kullanilmasiyla ~ miimkiin
kilinabilmektedir. Bu durum yapilan bir¢ok ¢aligma
ile gosterilmistir [4-6]. Alanlar arasi saliim
modunun gézlemlenebilirliginin en yiiksek oldugu
global sinyalin, PSS giris sinyali olarak se¢imi ve
bu modun kontrol edilebilirliginin en yiiksek
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oldugu generatoriin, PSS kurulum yeri olarak
secildigi durumda, ideal olarak en iyi soniimleme
performansi elde edilir.

Biiyiik degerli kapasitor voltajlarini ya da indiiktor
akimlarin1  kontrol etmek i¢in yiiksek giigli
elektronik anahtarlar gibi kontrol edilebilen
bilesenler ile donatilmis elektrik iletim sebekeleri
esnek alternatif akim iletim sistemleri (FACTS)
olarak adlandirilirlar. FACTS kontrolorlerin asil
fonksiyonlar1 gii¢ akis1 ve voltaj kontrolii olsa da bu
cihazlarla aym1 zamanda alanlar arast salinim
soniimleme kontrolii de yapilabilmektedir [7-9].
fletim sistemlerine bu cihazlarm kurulmasiyla
alanlar aras1 modlar i¢in yiiksek gozlemlenebilirlik
icerige  sahip sinyallere dogrudan erisim
saglanabilir. Fakat yiiksek kurulum maliyeti
nedeniyle FACTS cihazlarinin sayist genellikle
alanlar aras1 salinim mod sayisindan daha azdir. Bu
nedenle biitiin modlari igerecek sekilde birden fazla
giris sinyali kullanan kontrol stratejilerinin
gelistirilmesi bir zorunluluktur [10].

Chow ve arkadaglari ilk olarak 1995 yilinda genis
alan gii¢ sistemlerinde TCSC cihazlar kullanilarak
soniimleme kontrolii yapilmasini 6nermislerdir
[11]. Yine ayn1 y1l igerisinde, Paserba ve arkadaslar
detayli bir ¢caligmayla gelistirdikleri TCSC modeli
ile gii¢ sistemlerinde TCSC cihazlarinin potansiyel
uygulamalarint gostermiglerdir [12]. Takip eden
yillarda dogrusal olmayan kontrol [13], dogrusal
matris esitsizlikleri (LMI) [14], bulanik mantik [15]
gibi ¢esitli kontrol algoritmalart ile TCSC
cihazlarin alanlar-aras1 salimim soniimleme igin
kullanima yonelik teknikler gelistirilmistir.

Prakash ve arkadaslar1 [16] yaptiklar1 ¢alismada 2

alanli 4 generatorlii giic sisteminde ¢esitli
senaryolarla olusturulan  alanlar arasi salinim
modlari, K-ortalama algoritmas: kullanilarak

gruplandirilmis ve daha sonra her bir grup i¢in farkli
bir global PSS tasarimi yapilmistir. PSS ¢ikis
sinyalleri Gauss dagilimi ile agirhiklandirilmig
sekilde birlestirilmis ve TCSC referans sinyaline
eklenmistir. Benzetim sonuglar1 ile onerilen iki
asamali tasarimin, tek calisma noktasi igin
tasarlanana soniimleme sistemine gore daha giirbiiz
sonuclar verdigi gosterilmistir.
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TCSC ve aktif bozucu reddetme kontrolii (Active
Disturbance Rejection Control (ADRC)) tabanli bir
genis alan sonlimleme sistemi yapist [17]’de
Onerilmistir. Bu caligmada giris sinyali olarak
kullanilan global sinyaller 100 ms sabit zaman
gecikmeli olarak modellenmis ve zaman gecikmesi
Pade yaklasimi ile dogrusal sistem modeline
eklenmistir. Alanlar arasi giic aktarim miktari
ADRC kontrolore girig sinyali olarak se¢ilmis ve
iiretilen kontrol sinyali TCSC bloguna eklenmistir.
Yine ayni arastrma grubu tarafindan yapilan
calismada TCSC tabanli genis alan soniimleme
sistemi i¢in optimal global sinyal se¢imi 2 alanl 4
generatorlii  giic sistemi modeli kullanilarak
gosterilmistir [18]. Salinim modlarinin
gozlenebilirligin yiiksek oldugu sinyaller geometrik
yontem ile belirlenmis ve artik (residue) metodu ile
bu sinyaller i¢in global PSS tasarimi yapilmistir.

Sonlimleme kontrolii igin girig sinyali seg¢iminde
kullanilan geometrik ve artik 6lgiim metodlart
yerine modal seyrek dogrusal kuadratik regiilator
(MSLQR)  tabanli  bir metotla  sadece
sontiimlendirilmek istenen moda ait bilgileri iceren
sinyalin elde edilebildigi tasarim yontemi [19]’da
onerilmigtir. ~ Sistemin durum degiskenlerinin
dogrusal kombinasyonlartyla elde edilen giris
sinyali, sadece ilgilenilen salinm moduna ait
bilgileri i¢cermesi nedeniyle genis alan kontrolorii
olarak klasik PSS yerine sadece oransal kontroliin
kullaniminin yeterli olacag 2 alanli 4 generatorli
modelde eyleyici olarak TCSC’nin secildigi
benzetimle  gosterilmistir.  Eyleyici  olarak
TCSC’nin segildigi bir bagka ¢alismada genis alan
kontrolorii olarak uyarlamali faz telafisi yapabilen
fazér glic salimmi soniimleyicisi  (P-POD)
kullanmilmistir  [20]. Coklu modelli uyarlamali
tahmin edici adi1 verilen yapida, paralel galisan
Kalman filtreleri yardimiyla salinim modunun
soniimlenmesi  i¢cin  gereken faz  miktan
kestirilmekte ve soniimleme kontrol sinyalinin
iiretilmesi icin kullanilmaktadir. Onerilen yapinin
basarimi, gii¢ sistemindeki degisken ¢aligma
noktalar1 ve zaman gecikmeli sinyaller kullanilarak
smanmugtir. [19]’a benzer gekilde salinim modunun
soniimlendirilmesi i¢in sadece o moda ait bilgilerin
oldugu sinyali, modsal dogrusal quadratik kontr616r
(Modal LQR) kullanarak sentezleyen bu ¢aligmada,
PMU tarafindan Olgimlerin  saglanamadigi
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durumlar i¢in diisiik dereceli gozleyici tasarimi da
Onerilmigtir [21]. Sistem benzetimde eyleyici olarak
yine TCSC kullanilmustir.

Alanlar arasi salmim sOéniimlenmesi i¢in TCSC
cihazlarina uygulanacak kontrol sinyallerinin
PMU’lar tarafindan saglanan global Slg¢iimlerden
secilmesiyle daha etkin ve giirbiiz (robust) sonuglar
elde edildigi yapilan galismalar ile raporlanmigtir
[14,22]. Ayrica salinim soniimleme performansinin
PSS ve FACTS cihazlarinin koordineli ¢alismasiyla
daha da artirilabilecegi [23] ve [24] tarafindan
gosterilmistir.

Sontimleme kontrolii i¢in segilen global PMU
sinyallerinin ~ 6l¢limii, islenmesi ve iletimi
asamalarinda kaginilmaz olarak zaman gecikmeleri
olusur. PMU sinyallerinin giiriiltiiden arindirilmasi
ve Fazor Data Toplayicilart (PDC) tarafindan
islenmesi gibi faktorlerden kaynaklanan zaman
gecikmeleri ¢ogunlukla deterministik yapida olup
sabit zaman gecikmesi olarak  kabul
edilebilmektedirler. Ancak iletisim agmdan
kaynakli zaman gecikmesi ag ortamu (fiber, PLC
gibi), kullanilan protokol (UDP, TCP gibi) ve ag
trafik yogunlugu gibi sebeplerden dolay: stokastik
karakterdedir. Bu degisken zaman gecikmesi jitter
olarak adlandirilir.

Zaman gecikmesinin sabit kabul edildigi
durumlarda Pade yaklagimu ile sonlu boyutta temsil
edilen zaman gecikmesi gii¢ sistemi modeline
eklenir ve soniimleme kontroldr tasarimi1 bu modele
gore yapilir [25]. Bu tasarimda Pade yaklagiminin
derecesi zaman gecikmesini dogru sekilde temsil
edebilecek biiyiikliikte olmalidir. Smith tahmin
edicileri sabit zaman gecikmelerinin olumsuz
etkilerini bastirmak i¢in kullanilan bagska bir
yontemdir. Klasik ve birlesik Smith tahmin
edicilerin kullanilmasiyla gerceklestirilen
soniimleme kontrol tasarim teknikleri sirasiyla [26]
ve [27] c¢alismalarda Onerilmistir. Zaman
gecikmesinin sabit kabul edilmesiyle tasarlanan
salimim soniimleme kontrolorleri gercek
sistemlerdeki degisken zaman gecikmelerine karsi
yeterli giirbiizliikte (robust) performans
saglayamamaktadirlar., Bu  nedenle  zaman
gecikmelerinin belirsizlik olarak sistem tasarimina
eklendigi H»/H., [28] ve p sentezi [29] gibi optimal
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ve robust kontrol teknikleriyle gerceklestirilen
salimin kontrol sistem tasarimlar1 onerilmistir. Bu
yontemlerle tasarlanan kontroldrler, degisken
zaman gecikmelerine karsi etkin olmalarina ragmen
gercek zamanli uygulamalarda kullanilmaya uygun
olmayan yiiksek derecede ve karmasik yapidadirlar.

Degisken zaman gecikmelerine karst yeterli
giirbiizliikkte olan ve ayni zamanda ger¢ek zamanli
sistemlerde kullanilabilecek pratik yapida kontrolor
tasarimi i¢in zaman gecikmesinin Olgiilmesi ve
gerektigi kadar gecikme telafisi yapilmasina imkan
saglayan bir uyarlamali kontrolor yapisi [30]’da
yapilan ¢alisma ile 6nerilmistir. Bu yapinin ¢aligma
prensibi, PMU sinyallerinin zaman gecikmelerinin
zaman damgalarina goére gergek zamanli olarak
hesaplanmasi ve zaman gecikmesinin bulundugu
araliga gore daha onceden tasarlanmig olan Lead
kontrolorlerin  devreye alinmasidir.  Simdiki
calismanin yazarlari tarafindan yapilan bir baska
calismada uyarlamali zaman gecikmesi telafisi igin
zaman gecikmesi hesaplama periyotlarmin se¢imi
ve  eklenmesi gereken faz  miktarinin
hesaplanmasina yonelik bir yontem Onerilmistir
[31]. Onerilen kontroldr yapisi tasarlanan degisik
profillerdeki zaman gecikmelerine karsi sinanmis
ve zaman gecikmesi telafisinin gercek zamana
yakin oldugu gosterilmistir. Simdiki ¢aligmada
genis alan sistemindeki zaman gecikmesi ihmal
edilmis, TCSC ve global PSS’in beraber
kullanildigindaki salinim sdniimleme basarimi
TCSC’nin tek bagmma kullanildigi durumdaki
soniimleme performansi ile kiyaslanmistir. Zaman
gecikmelerinin sistem soniimleme performansina
etkisi ve pratik sistemlerde gergege yakin olarak bu
etkinin nasil telafi edilebilecegi ile ilgili teknikler
[31]de ve caligmanin referanslarinda
detaylandirilmistir.

Bu calismayla amaglanan Global PSS ve TCSC’nin
koordineli kullanimimin alanlar arasi salinimin
soniimlenmesine ve alanlar arasi gii¢ aktariminin
iyilestirilmesine ~ yonelik  etkilerinin  farkh
senaryolar altinda arastirilmasidir. Bunun igin
oncelikle sadece TCSC tabanli bir soniimleme
sistemi tasarlanmig ve sOniimleme basarimi
benzetim sonuglariyla gosterilmigtir. Daha sonra bu
sisteme global sinyal tabanli PSS eklenmis ve bu
blogun ¢ikis sinyali TCSC’nin referans sinyaline
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eklenmistir. Benzetim ¢aligmalar1 Matlab/Simulink
platformunda alanlar arasi salinim soniimleme
calismalarinda referans model olarak kullanilan 2
alanli 4 generatdrlii Kundur gii¢ sistemi modeli [7]
temel alinarak yapilmistir. Kundur modelinde
alanlar arasi salimimin artirilmasi amaciyla bazi
degisiklikler yapilmustir.

Bu ¢alismanin geri kalan kismi su sekilde organize
edilmistir; 2. Boliimde genis alan kontrol sistemleri,
modsal analiz, geometrik yontem ve global PSS
tasarimi ve son olarak TCSC hakkinda kisaca bilgi
verilmistir. Takip eden bolimde TCSC tabanli
genis alan soniimleme kontrol sisteminin segilen
test modeli igin tasarlanmasi ve sOniimleme
performansmin benzetim sonuglar1 kullanilarak
degerlendirilmesine yer verilmistir. Son bdliimde
ise sonuglar verilmistir.

2. YONTEM

2.1. Genis Alan Kontrol Sistemleri

Bir elektrik sebekesi, optimal sayida PMU
yerlestirilmesiyle tamamen gdzlemlenebilir hale
getirilebilir. Sebeke dinamiklerinin ger¢cek zamanli
olarak godzlemlenebilmesi salinim bulma, ag1
sapmalarinin belirlenmesi, voltaj/frekans karalilig
degerlendirmesi gibi birgok yeni uygulamanin
ortaya ¢ikmasini ve durum tahmini, hata algilama
gibi mevcut tekniklerin daha da gelistirilmesini
miimkiin kilmistir. Eszamanli 6l¢iim teknolojisi
(ing. synchronized measurement technology
(SMT)) kullanarak sebeke durum degerlerini Slgen,
buna bagli olarak kontrol sinyalleri ireten ve
bunlar1 akilli elektronik cihazlar (Ing. intelligent
electronic devices (IEDs)) araciligiyla gercekleyen
sistemler genis alan gdzlemleme, koruma ve kontrol
sistemleri (Ing. Wide-area Monitoring, Protection
and Control (WAMPAC)) olarak adlandirilirlar.
WAMPAC sistemlerinin ilk kullanimma 1990’11
yllarin  ilk  yarisinda ~ Amerika  Birlesik
Devletlerinde baslanmistir. O zamandan bu yana
bir¢ok iilke kendi ulusal WAMPAC sistemlerini
kurmak icin biiyiik biitceli projeler uygulamaya
koymuslardir.

Genis alan kontroliiniin etkili sonuglar vermesinin
beklendigi uygulamalardan bir tanesi, alanlar arasi
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elektro-mekanik salmimlarin soniimleme
kontroliidiir. Sekil 1’de TCSC tabanli 6rnek bir
genis alan soniimleme sistemi gosterilmistir. Bu
sistemde gii¢ sisteminde PMU’lar tarafindan alinan
GPS zaman etiketli 6lglimler (voltaj, akim, frekans
ve frekans degisim orani) iletisim ag1 ile Fazor Data
Toplayicisina (ing. Phasor Data Collector (PDC))
iletilir. Bir WAMPAC sisteminde hiyerarsik yapiya
bagli olarak birden c¢ok seviyede PDC’ler
bulunabilir ve PDC’ler aras1 bilgi aligverisi de
yapilabilir. PDC’lerin SMT sistemlerinde ayni
zamanda Ol¢iim degerlerinin arsivlenmesi, koruma
cihazlarinin durumunun daha sonra yapilabilecek
analizler icin saklanmasi gibi fonksiyonlar1 da
vardir. PDC’lere gelen 6l¢iimler zaman etiketlerine
gore diizenlendikten sonra soniimleme
kontroloriine iletilir. Uretilen séniimleme kontrol
sinyali segilen eyleyiciye ek bir referans sinyali
olarak uygulanir. Bu c¢aligmada soniimleme
kontrolorii olarak global PSS ve eyleyici olarak da
TSCS segilmistir.

Genis alan soniimleme kontrol sisteminin
performanst soniimleme kontrolii i¢in kullanilan
global sinyal wve firetilen kontrol sinyalinin
uygulanacagi eyleyicinin konumu ile dogrudan
ilintilidir. Bu se¢imlerin en optimal yapilabilmesi
icin gelistirilen teknikler takip eden bdliimde
aciklanmustir.

2.2. Modsal Analiz

Alanlar aras1 salinim soniimleme kontroliinde
atilacak ilk adim kararsiz ve diisiikk soniimleme
karakteristigine sahip olan modlarin
belirlenmesidir. Modlarin belirlenmesinde 6l¢iim
tabanlt ve model tabanli olmak ftizere iki temel
yaklasim bulunmaktadir. Olgmeye dayali sistemler
mod tahmininde zaman alanindaki 6l¢iimleri
kullandiklart igin gii¢ sistemi biiyiikliigliniin bu
yontemler i¢in kisitlayici bir yonii
bulunmamaktadir. Kullanilan data tipine gore
(ambiyans, ringdown veya her ikisi) gelistirilmis
olan Prony, Matrix Pencil, Yule-Walker gibi tahmin
algoritmalart WAMPAC sistemlerde basarili bir
sekilde kullanilmaktadirlar [32]. Klasik modsal
analiz metodu gii¢ sisteminin belirlenen bir ¢alisma
noktast etrafinda dogrusallastirilmast ile edilen
durum-uzay modelini kullanir. Bu dogrusal model
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calisma noktasi etrafindaki kiigiik degisimler igin
elektro-mekanik modlart dogru sekilde
belirleyebilmektedir. Ayrica soniimleme kontrolii
icin secilebilecek yiiksek gozlemlenebilir igerikli
giris sinyallerinin se¢imi i¢in de bu model 6nemli
bilgiler vermektedir. Bilyilik 6lgekli sistemler igin
dogrusal model elde etmekteki giiglilk bu yontemin
handikabidir. Bu galismada kullanilan gii¢ sistemi
modelinin boyutu modsal analiz i¢in uygun oldugu
icin bu yontem tercih edilmistir.

GPS
sinyalis/%
Y
PDC
Y Y
PMU 1 I Global PSS I PMU 2 |
v
TCSC =
GUG SISTEMI
Sekil 1. TCSC tabanli genis alan salinim

soniimleme kontrol sistemi

Dogrusal olmayan gii¢ sistemi modelinin segilen
calisma noktasi etrafinda dogrusallastiriimastyla (1)
ile verilen durum-uzay modeli elde edilir.

x = Ax + Bu
y =Cx (1

Burada, 4 nxn boyutlu sistem matrisi, B nxp boyutlu
giris matrisi, C gxn boyutlu ¢ikis matrisi, x nx/
boyutlu durum vektorii, u px! boyutlu giris vektorii
ve y gxI boyutlu ¢ikis vektoriidiir. Dogrusal modele
ait 6zdegerler (modlar) sistem matrisi 4 i¢in / nxn
boyutlu birim matris olmak iizere (2) ile verilen
karakteristik denklemin ¢6ziimii ile elde edilir.

det(Al —4) =0 2
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Sistem matrisi 4 nin 6z degerlerinin incelenmesiyle
giic sistemine ait salinim modlar1 belirlenir. Oz
degerler en genel halde kompleks olarak A = 6 £ jo
formatinda elde edilirler. Salmimm modlarinimn
karakteristigi, 6z degerlerin gercek kisimlarinin
incelenmesiyle belirlenir. Negatif reel degerli 6z
degerler zamanla soniimlenen (kararli) yapida
salmim modlaridir. Ozdegerlerin tiimii kompleks
diizlemin sol yar1 agik kisminda yer aliyorsa sistem
kararlidir denir. Salinim modunun frekans bilgileri
bu modlarin sanal kisimlarindan elde edilir. Giig
sistemindeki salimimin frekansi f/ ve soniimleme
oraninin ¢ hesaplanmasinda kullanilan esitlikler
(3)’de verilmistir.

w

-0

voZ+w?

f=—
2n 3
¢ €)

Oz degerlerin belirlenmesinden sonra modsal analiz
6z vektorlerin hesaplanmasi ile devam eder. Oz
vektorler, her bir 6z deger Ai igin (4) ile verilen
esitlikleri saglayan birer siitun vektorii olarak
tanimlanirlar. Sistem matrisi A ile sagdan ¢arpilan
0z vektorler, sag 6z vektor (¢;) ve sistem matrisi A
ile soldan garpilan 6z vektorler, sol 6z vektor (y;)
olarak adlandirilirlar. Salinim modunun gii¢
sisteminde hangi durum degiskeni iizerinde etkili
oldugu sag 06z vektorlerin degerlendirilmesiyle
bulunur. Sol 6z vektdr ise salimim modunun sekli
hakkinda bilgi vermektedir.

Ap; = 49;
4
YA = L, @

2.3. Geometrik Yontem ve Global PSS Tasarim

Genis alan sonlimleme  kontrol  sistemleri
tasariminda, giris sinyali se¢cimi ve olusturulan
kontrol sinyalinin uygulanacagi eyleyicinin konum
secimi en Onemli parametrelerdir. Salinim
modlarii tamamen soniimlendirmek i¢in ideal olan
biitiin generatdrlere kontrol sinyalinin
uygulanmasidir. Ancak bu yaklagim maliyet
acisindan uygulanabilir degildir. Bu nedenle en az
sayida kontrolor kullanilarak en etkili soniimleme
performanst elde edebilmek i¢in kontroloriin
kurulacag: bdlgenin ve giris sinyalinin se¢imi ¢ok
onemlidir.
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Modsal analiz sonucu elde edilen bilgilerle salinim
modlarmin gozlenebilirliginin en yiiksek oldugu
sinyallerin ve kontrol edilebilirligin en biiyiik
oldugu lokasyonu tespit etmek i¢in siklikla
kullanilan  iki yontem kullanilmaktadir. Bu
yontemler Artik (residue) yontemi [33] ve
Geometrik yontemdir [34]. Yapilan ¢alismalarda
Geometrik yontemin daha basarili sonuglar verdigi
gosterilmistir [4]. Bu g¢alismada da Geometrik
yontem kullanilmistir.

Buna gore; dogrusallastirilmis sisteme ait 4, B ve C
matrisleri (1)’deki gibi verilmis olsun. 4 matrisinin
n tane ayrik 6z degere A;, (i=1,2,...n) sahip oldugu
varsayimiyla bu 6z degerlere ait sag 6z vektorler
(4)’de tanimlandig1 gibi ¢; ve sol 6z vektorler ;
olsun. Ortagonal olan 6z vektorlerin normalize
edilmesi ile EFY = FE" =1, esitligi saglanir.
Burada, E = [¢1 @2 3. 9ul. F = [1 Y2 ¥3... Pl
ve I, ise nxn boyutunda birim matris olarak verilir.
Geometrik yaklasimda i. moda goére kontrol
edilebilirlik indeksi (mci) ve godzlemlenebilirlik
indeksi (moi) asagidaki sekilde hesaplanmaktadir
[35]:

mci(k) = cos(0 (W, b)) = |||£§;|1£;||| ©)
moi(l) = cos(@(ClT, (Pi)) = ”(Zl"(ﬁicll” (6)

Burada b, B matrisinin k. siitununu, ¢, C
matrisinin 1. satirini, 8 (;, by ) giris vektorii by, ile
sol 6z vektdr y; arasindaki aciy1 ve 0(c, @;) ise
cikis vektoril c; ile sag 6z vektdr ¢; arasindaki agiy1
temsil etmektedir.

Global sinyal seciminde Olctit  olarak
gozlemlenebilirlik indeksi (moi) yaninda sinyal
6lgtim kolayligi, dl¢iim kalitesi gibi faktorler de
gozetilmek durumundadir. Kurulum yeri olarak
soniimlenmek  istenen moda gore kontrol
edilebilirlik indeksi (mci) en yiiksek olan generator
secilir. Global PSS, alanlar aras1t modun kompleks
diizlemdeki  konumunun daha sol tarafa
otelenmesiyle soniimleme faktoriinii artirmak {izere
tasarlanmig bir lead kontrolér olarak tanimlanir.
PSS kurulum yerinin ve global sinyalin se¢iminden
sonra global PSS tasarimi salinim frekansim
degistirmeden soniimleme oranini artirmak igin
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eklenmesi istenen faz miktar1 6 olmak iizere [4]’de
onerildigi sekilde su bagintilarla tasarlanir:

T,s (1+Ts\™
H =K —(—) 7
GPSS = W 4 T,s\14 T,s )
9
1-sin|— 1
a= (’g) T, = , T, =aT; (8)
1+ sin (E) wia

Burada m lead kontrolor blok sayisi, ®; salimim
frekansi, K,,, T,, ise washout filtresine ait kazang ve
zaman sabiti degerleri olarak tanimlanmustir.
Salinim modunun ayni frekansta soniimleme
oranini artirmak i¢in gereken faz miktari 0, artik-faz
metodu ile su sekilde hesaplanir: 4, B ve C (1) ile
verilen dogrusal modele ait durum-uzay modeli
matrisleri olmak Tlzere, sisteme ait transfer
fonksiyonu (9) ile verildigi sekildedir.

G(s) = C(sI —A)™'B = T, = )

Burada, R; = C¢;¥;B esitligi ile verilen R;, 4
matrisinin i. 6zdegeri A; ’ye ait artik (residue) degeri
olarak tanimlanir. Bu durumda A; modunun
soniimlenmesi i¢in gereken faz miktart 0;, Esitlik
10°da verildigi sekilde hesaplanir.

6; = 180" — arg(R;) (10)

2.4. TCSC

Tek hat semasi Sekil 2’de verilmis olan TCSC,
FACTS cihazlar ailesinin bir iiyesidir. Bu cihazlarin
giic sistemine baglantilar seri olarak yapilmaktadir.
Hat empedansinin kontrol edilebilmesi nedeniyle
degisken yiikk durumlarinda TCSC’ler, ¢ok iyi bir
hat akimmi kontrolii saglamaktadir. Empedans
ayarlanmasi bir endiikdansa seri bagli ters paralel
baglantili iki tristdr blogu (tristdr kontrollii reaktor
(TCR)) ve hatta seri bagli kapasitor araciligryla
yapilmaktadir. TCSC’ler  tetikleme  agist
degistirilerek endiiktif ya da kapasitif olarak
calistirilabilirler. Kapasitif ¢alisgma i¢in TCR
reaktansi, kapasitor reaktansindan biiyiik bir degere
ayarlanir. Bu durumun tersi saglandiginda TCSC
endiiktif olarak caligir.
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Sekil 2. TCSC tek hat semasi

Kalict durumda iletim hattina baglh bir TCSC
modeli Sekil 3’te gosterilmistir. Tki bara arasindaki
iletim hattinin empedanst Za=Rap+jXar olarak
verilsin. TCSC’in reaktans1 Xrcsc ve hatta sagladigi
reaktans kompanzasyonu Krcsc=Xrcsc/Xap olarak
tanimlansin. Bu durumda TCSC’nin baglt oldugu
iletim hattinin empedansi kalict durumda (11)’deki
gibi verilir.

Zap = Rap + jXap(1 — Krese) (11)
a b
Krese P ‘
ab T Ji
TCSC P

Sekil 3. {letim hattinda kalic1 durum TCSC modeli

TCSC kullanimi gii¢ sistemlerinde, mevcut giic
transfer kapasitesini termal limitler dahilinde en
yiiksek degere artirabilmek ve gegici durum
kararliligimi gelistirmek gibi faydalarin yaninda
lokal ve alanlar-arast salinim  modlarmin
soniimlenmesine ~ de  katki  saglamaktadir.
TCSC’lerin global PSS ile beraber kullanildigi
sistemlerde alanlar aras1 salimim soniimleme
performansinin  daha yiiksek oldugu yapilan
caligmalarla gosterilmistir [23,24].

Alanlar arasi salinim soniimleme kontrolii igin
TCSC ve global PSS’in beraber kullanildig: bir
kontroloér yapist Sekil 4’de verilmistir. Bu
calismada da kullanilan yapida global PSS
tarafindan tretilen kontrol sinyali TCSC referans
sinyaline eklenmistir. Bu baglantiyla TCSC’nin
dinamik modeli Esitlik 12’de verildigi sekilde ifade
edilir.
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dKrcsc 1
4t T (Kref + Kgpss — KTCSC)

(12)

Burada, K7csc TCSC tarafindan saglanan yiizdelik
kompanzasyonu, Krer yilizdelik kompanzasyon
referans degerini, Kgrss global PSS tarafindan
saglanan ek kompanzasyon degerini ve Ts ise
TCSC’nin zaman sabitini temsil etmektedir.

Keat Q 1

1+ 57, _/
KDI"SS [

catmn

. 5T, (145T Y 14T, ) Global Sinyal
K. [*.v]’,‘_[l*..v?é ]\n.\-r‘,J e
Global PSS
Sekil 4. TCSC ve Global PSS soniimleme
kontrolori
3. SISTEM  TASARIMI  VE
BENZETIM SONUCLARI
TCSC tabanli soniimleme kontrol sistemi

etkinliginin degerlendirilmesi i¢in alanlar arasi
salmim ¢aligmalarinda temel model olarak
kullanilan 2 alanli 4 generatorlii model, bazi
degisikler yapilarak kullanilmistir. Tek hat semasi
Sekil 5’de verilen modelde 7. ve 9. Bara arasindaki
hat uzatilarak 280 km’ye ¢ikarilmis, 9. Baraya ek
olarak 187 Mvars biiyiikliigiinde kapasitif yiik
eklenmis ve generatorlerin atalet sabitleri Hy 3, =
7.5 ve H, =35 olarak degistirilmistir. Bu
degisikler, alanlar arasi mesafeyi ve gii¢ transfer
miktarini artirarak sistemin daha agir sartlarda
calismasini saglamaya yoneliktir.

Generator modeli olarak 6 durum degiskenli model
kullanilmistir. Generatér modeli igin tanimlanan
durum degiskenleri Cizelge 1°de verilmistir. Tim
generatorlerin ayni tip statik uyartim sistemine
(IEEE ST3A) ve ayn tip hiz regiilatoriine (THR)
sahip  olduklar1  varsayilmigtir. Lokal PSS
kontrolorler (7) ile wverilen formda iki
kompanzasyon blogu (m=2) ile generatorlere
eklenmistir. Kontrol ve uyartim sistemleri icin
tanimlanan durum degiskenleri Cizelge 2’de
verilmistir. Buna gore tim kontrol, uyarim ve
tahrik sistemlerinin aktif oldugu gili¢ sistemi
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modelinde her bir generator igin toplam 15 durum  boyutundadir.
degiskeni tanimlanmistir. Bu durum i¢in elde edilen
dogrusal modeldeki sistem matrisi 4, 60x60

G1 1 ] 6
; | 25 km ] 10 km =

H | .

G2

— 10 km

Mahir Biilent BASEL, Ahmet Naci METE

Benzetim modelinde kullanilan
generatorler, kontrol ve uyartim sistemlerine ait
niimerik veriler [36]’da verilmistir.

140 km 10 1 3

25 km | .

| {™)e3

G4

Sekil 5. Diizenlenmis 2 alanli 4 generatorli giig sistemi tek hat semast

Cizelge 1. Generator durum degiskenleri

Sembol Durum degiskeni
) Rotor agist
W Rotor hiz1
Eg q Ekseni gegici (transient) gerilim
4 d Ekseni alt gegici (subtransient) aki
E} d Ekseni gegici (transient) gerilim
q q Ekseni alt gegici (subtransient) aki

Cizelge 2. Generatdr uyartim, tahrik ve kontrol
sistemlerine ait durum degiskenleri

Sembol Durum degiskeni
5 V_ TR Gerilim transdiiser ¢ikig1 (pu)
= Regiilator gerilimi durum
s V_As . .
S» — degiskenleri (pu)
V R Regiilator ¢ikis gerilimi (pu)
pssl Washout filtre durum degiskeni
[lk ileri/geri kontroldriin durum
» pss2 .. )
% degiskeni
Ikinci ileri/geri kontrolériin durum
pss3 .. .
degiskeni
tgl Regiilator durum degiskeni
= tg2 Servo durum degiskeni
=
= Ara 1sitict (reheater) durum
tg3 .. .
degiskeni
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Benzetim modelinde, generatorlere lokal PSS
kontrolor eklenmeden 6nce elde edilen dogrusal
model ile yapilan modsal analizde toplam 48
moddan s6niimleme katsayist %10’un altinda olan
3 salinim modu belirlenmistir. Cizelge 3’de verilen
bu salinim modlarindan iki tanesi lokal mod, bir
tanesi ise alanlar aras1t moddur.

Cizelge 3. Salinim mod parametreleri

Salinim Séniimlem
Mod tipi Ozdeger | frekans: (;(altl a eme
(H2) sayls1
Lokal mod 1 | -0.394j5.96 0.94 0.06
Lokal mod 2 | -0.51£j7.55 1.2 0.06
Alanlararast | 69,5 06 | 0.32 0.04
mod

Sekil 6 ile verilen alanlar arasi salinim moduna ait
kompas ¢iziminde goriildiigii gibi ayni alanda
bulunan generatér 1 ve generator 2 diger alanda
bulunan generatér 3 ve generatér 4 ile salinim
halindedirler.
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Sekil 6. Alanlar arasi salinim mod seklinin kompas
gorinimii

Lokal modlarin soniimlenmesi i¢in her bir
generatore transfer fonsiyonlari (13) ile verilen
lokal PSS kontroldrler eklenmis ve modsal analiz

tekrarlanmigtir.  Cizelge 4’de goriildigii gibi
eklenen PSS’ler lokal modlar1 basariyla
soniimlemis  ama  alanlar  arast1  modun
sonlimlenmesi i¢in yetersiz kalmiglardir.
10s  (1+0.174s\°
Hesser = 1073 105 (1 + 0.1065)
10s /14 0.02s\ /1 + 3.5s
Hesse: =107 105 (1 + 0.055) (1 + 5.45) (13)
10s (14 0.173s\°
Hesses = 107105 (1 + 0.1115)
_ 10s (14 0.02s\ /14 3.55
Hesse. = 1073 105 (1 + 0.055) (1 + 5.45)

Cizelge 4.PSS’ler eklendikten sonra belirlenen
salinim mod parametreleri

. Sahnim Soniimleme
Mod tipi Ozdeger frekansi Katsayst
(Hz)
Lokal mod 1 -0.44j0.62 0.09 0.54
Lokal mod 2 | -0.384j0.61 0.97 0.52
Alanlararasi | o7.5050 | 04 0.02
mod

Alanlar arasi modun soniimlendirilmesi ve gii¢
transferi i¢in 7. ve 9. Bara arasindaki hattin orta
noktasina TCSC eklenmistir. Benzetimde TCSC’ye
ait fazor modeli kullanilmistir [37]. Eklenen TCSC
kapasitif modda calistirllmakta ve hat empedansi
kompanzasyonunu %40 seviyesinde saglamaktadir.
TCSC’ye ait dinamik veriler Cizelge 5 ile
verilmistir.
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Cizelge 5. TCSC dinamik verileri

Aciklama Sembol |Deger Birim
Yiizdelik kompanzasyon %40
Kapasitans cC 45 ng
Endiiktans L P25 mH
X1/ Xe 0.16
Resonans frekansi fr 150 Hz
Atesleme agist o 70°

PI kontrolor kazanci Kp (0.8

PI kontroldr integral kazanci K, W46

Yine alanlar aras1t modun soéniimlenmesine katkida
bulunmak ve gii¢ aktarimini artirabilmek igin bir
global PSS tasarlanmig ve gii¢ sistemine Sekil 4’de
gosterildigi gibi TCSC iizerinden eklenmistir.
TCSC referans sinyaline ek olarak uygulanan bu
sinyalle beraber TCSC’nin dinamik denklemi
Esitlik 12°de verildigi sekilde degismistir. Global
PSS tasarimi igin artik faz yontemi ile salinim
modunun séniimlenmesi i¢in gereken faz miktari
Esitlik 10 ile verilen bagintida salinim moduna ait
arttk  (residue) vektoriinin  hesaplanmasiyla
belirlenir. Hesaplanan faz kazancini elde etmek igin
Esitlik 7 ve 8’de verilen yontem ile global PSS
tasarimi yapilir. Benzetim modelinde 30° derecelik
faz kazanci igin tasarlanan global PSS’e ait transfer
fonksiyonu Esitlik 14 ile verilmistir.

(14)

10s 1+ 1.1s\?
Hgpss = 6 ( )

14+ 10s\1+ 0.65s

Global PSS’e giris sinyali olarak alanlar arasi
salinimin gozlenebilirliginin yiiksek oldugu iki alan
arasinda aktarilan gili¢ miktar1 global sinyal olarak
secilmistir. Global PSS’in de benzetim modeline
eklenmesiyle genis alan salinim séniimleme kontrol
sistemi Sekil 7’de verilen yapida olusturulmustur.
Bu yapida 7. ve 8. baralarda bulunan PMU’lar ile
zaman etiketli 6l¢iimlerin iletisim agiyla PDC’ye
gonderildigi, PDC’de zaman etiketlerine gore
diizenlenen Olgiimlerin yine iletisim agi ile genis
alan sonlimleme kontrolorii olarak tasarlanan global
PSS’ye iletildigi varsayilmistir. Bu c¢alismada
iletisim ag1 kaynakli zaman gecikmesi ihmal
edilmistir. Zaman gecikmesinin  soniimleme
performansina etkisi ve bunun telafisi i¢in gercek
zamanli sistemlere uygun uyarlamali bir kontrolor
yapist [31]’de dnerilmistir.

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023



Mahir Biilent BASEL, Ahmet Naci METE

62

| i

o4

Sekil 7. 2 alanli 4 generatdrlii model i¢in TCSC tabanli genis alan salinim sondiirme sistemi

Tasarlanan genis alan soniimleme kontrol
sisteminin performans degerlendirmesi i¢in iki
farkli ariza tiiriinli igeren ii¢ senaryo su sekilde
olusturulmustur;

Senaryo I: 8. baradan 0.4 saniyelik faz-toprak arasi
kisa devre arizas1 uygulanmustir.

Senaryo 2: Generator 1’in referans voltajinda 0.2
saniye boyunca %>5’lik artig uygulanmustir.
Senaryo 3: 9. baradan 0.4 saniyelik faz-toprak arasi
kisa devre arizasi uygulanmustir.

Uygulanan her senaryo i¢in benzetim modelinde
sadece lokal PSS’lerin aktif oldugu, lokal PSS ve

TCSC’nin aktif oldugu ve son olarak da bu kontrol
elemanlarina global PSS’nin eklendigi durumlar
icin soniimleme performanslari, iki alan arasinda

iletilen giic miktarinin  zamanla  degisimi
kullanilarak belirlenmistir. Performans
degerlendirmeleri i¢in salmim tepe degerleri,

oturma zamani (%5’lik bant), aktarilan gii¢ miktart,
gibi kriterlerle beraber hata sinyali tabanh
performans fonksiyonlarindan mutlak hata toplami
(IAE), hata karelerinin toplami (ISE), zaman
agirhikli mutlak hata toplami (ITAE) ve zaman
agirhkli  hata  karelerinin  toplam1  (ITSE)
kullanilmistir. Elde edilen sonuglar Cizelge 6 ile
verilmistir.

Cizelge 6. Kontroldr yapilarinin performans degerlendirmeleri

Oturma | Aktarilan | Salinim tepe
Senaryo Kontrolor zamani gii¢ noktasi IAE ISE ITAE ITSE
(sn) MW) MW)
° Sadece lokal PSS 7.5 477 770 431 13.04 26.66 95.4
§ _ TCSC aktif 29 435 654 1.32 1.68 1.34 1.68
5 TCSC ve global
n PSS aktif 27 467 577 1 1 1 1
° Sadece lokal PSS 6.1 475 548 1.41 1.98 1.29 1.82
g‘ ~ TCSC aktif 3.7 432 551 1.01 1.83 2.78 5.03
5 TCSC ve global
Q
n PSS aktif 31 477 518 1 1 1 1
° Sadece lokal PSS 16 480 665 2.04 1.87 1 1
g‘ - TCSC aktif 8 432 813 1 1 1.67 1.23
5 TCSC ve global
Q
9] PSS akif 9.7 480 813 1.19 1.17 1.98 1.61
C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023 1071
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Senaryo 1:

Bu senaryoda alanlar arasi salinim modunu
tetiklemek icin 8. baradan 0.4 saniyelik faz-toprak
arasi kisa devre arizasi uygulanmistir. Sekil 8’de
uygulanan ariza sonrast benzetim sistemindeki
alanlar arasi gii¢ aktarimi grafigi verilmistir. Gii¢
sisteminde sadece lokal PSS’lerin oldugu durumda
beklenildigi gibi alanlar arast mod nedeniyle gii¢
aktarimda tepe noktas1 770 MW ’a ulasan salinimlar
olusmus ve bu salinimin soniimlenmesi 7.5 sn
(%5 lik oturma zamani) siirmiistiir. Sisteme TCSC
eklendiginde, alanlar aras1 gii¢ aktarimindaki
salmmmin 2.9 saniyede soniimlendigi ve tepe
noktasinin 654 MW’a diistiigii goriilmistiir. Ancak
giic akis analizine gore 480 MW olmasi gereken
aktarilan giic 435 MW seviyesinde kalmistir. Giig
aktarimindaki bu diisiistin ikinci alanin frekansinin
birinci alandan daha yiiksek olmasi nedeniyle bu

800

600 +

g

alandaki reel gii¢ ihtiyacinin az olmasi nedeniyle
olabilecegi diisiiniilmektedir.

Global PSS’in sOniimleme kontrolii i¢in sisteme
eklenmesiyle uygulanan ariza sonrasi olusan
salmimin tepe noktast 577 MW’a diismiis ve
salinim 2.7 saniyede soniimlendirilmistir. Alanlar
arasi aktarilan gii¢c miktar1 da 467 MW’a ¢ikmustir.
Hata sinyali tabanli  yapilan performans
degerlendirmesinde IAE, ISE, ITAE ve ITSE
kriterlerinin hepsine gore en etkili sonliimleme
performansimnin yine TCSC ve global PSS’in
beraber kullanimi ile elde edildigi goriilmistiir.
Degerlendirilmesi yapilan benzetim sonuglarina ait
nlimerik veriler Cizelge 6 ile verilmistir. Cizelgede
hata sinyali tabanli degerlendirme kriterlerine ait
degerler normalize edilerek verilmistir.

— Lokal P55
——TCSC akuf

TCSC ve ghobal PSS aktifl

Gog (MW)

5
=]
=]

300
200+

100 - . !
0 2 4 6

Senaryo 2:

Alanlar arasi salimim modunun, generator 1’in
referans voltajindaki %5 artirilmasiyla tetiklendigi
bu senaryoda gergeklestirilen gii¢ transferinin
zamanla degisimi Sekil 9 ile verilmistir. Gilig
sisteminde sadece lokal PSS’lerin aktif oldugu
durumda tepe noktasi 548 MW olan salinim 6.1
saniyede sonliimlendirilmistir. TCSC’nin
aktiflestirilmesiyle salinimin soniimlendirilmesi 3.7
saniyeye diisiiriilmiis ancak salinim tepe degerinde
bir iyilesme goriilmemistir. Aktarilan gii¢ miktart
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0 12 1 16

Zaman (s)

Sekil 8. Senaryo 1 ile elde edilen gii¢ aktarimi

ise Senaryo 1’de oldugu gibi azalmig ve 432 MW
olarak gergeklestirilmistir. Global PSS kontroldriin
giic sistemine eklenmesiyle gii¢ aktarimi1 477 MW’a
cikarilmigtir. Ayrica salinim tepe noktast 518
MW a diisiiriilmiis ve 3.1 saniyelik oturma zamani
ile daha etkili bir soniimleme performansi elde
edilmigti. TCSC ve global PSS’in birlikte
kullanmildig1 séniimleme kontrol sistemi TAE, ISE,
ITAE ve ITSE kriterlerine gore de en iyi
sonlimleme performansina sahiptir.

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023



Z

Mahir Biilent BASEL, Ahmet Naci METE

——Lokal PSS
——TCSC aktd
TCSC ve global PSS aktif

T e e

Sekil 9. Senaryo 2 ile elde edilen gii¢ aktarimi

Senaryo 3:

Faz-toprak arasi kisa devre arizasinin 9. Baraya
uygulanmasiyla olusan alanlar arasi1 gii¢ aktarimi
Sekil 10’da  verilmistir. Salimimmn en hizh
soniimlendirilmesi 8 saniye ile TCSC’nin aktif
oldugu durumda gergeklesmistir. Global PSS’in
giic sistemine eklenmesiyle gilic  aktarimi

Gag (MW)

Zaman

artirilabilmis ancak salinim séniimlenme siiresi 9.7
saniyeye c¢ikmistir. Ayrica salinim tepe noktalari
hem TCSC’nin hem de global PSS’nin aktif oldugu
iki durum iginde 813 MW olarak goriilmistiir.
TCSC, IAE ve ISE kriterlerine gore en etkili
soniimleme performansi gostermistir.

——Lokal P55
——TCSC akiif

——TCSC ve global PSS aksi|

15

nis)

Sekil 10. Senaryo 3 ile elde edilen gii¢ aktarimi

4. SONUCLAR

Bu c¢alismada, birbirlerine zayif baglanti hatlari ile
bagl yiiksek miktarda gii¢ transferinin yapildigi iki

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023

alanda bulunan generatoér gruplariin birbirlerine
kars1 salimimlar ile meydana gelmekte olan alanlar-
arast salmimlarin soniimlendirilmesi i¢in TCSC
tabanli bir genis alan soniimleme kontrol sistemi
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tasarimi  yapilmis ve benzetim sonuglartyla
performans degerlendirilmesi yapilmigtir. Benzetim
modeli olarak 2 alanli 4 generatorlii gii¢ sistemi bazi
parametreleri degistirilerek kullanilmustir.
Performans basarimi ii¢ farkli senaryo altinda
belirlenmistir.

Benzetim modelinde higbir lokal kontrol elemani
yokken elde edilen dogrusal model ile yapilan
modsal analizle iki tane lokal bir tane de alanlar
arasi mod belirlenmistir. Generatorlere eklenen
lokal PSS’ler, lokal modlar1 soniimlendirmisler
ancak alanlar arasi modun soniimlendirilmesinde
etkisiz olmuglardir. Alanlar aras1 baglanti hattinin
ortasina eklenen TCSC ile alanlar arasi mod
soniimlendirilmis ancak gii¢ aktarimi diigmiistir.
Alanlar arasi gii¢ transferini artirmak ve salinim
modunun séniimlenme performansini artirmak igin
bir global PSS artik faz metodu ile tasarlanmis ve
TCSC’nin referans sinyali iizerinden sisteme
eklenmistir. PSS igin global sinyal olarak alanlar
arasi aktarilan giic miktar1 secilmistir. TSCS ve
global PSS’in beraber kullanimiyla hem giic
transfer miktarinin artirildigt hem de alanlar arasi
modun soniimlenme performansinin iyilestirildigi
belirlenen ¢ senaryodan ikisinde yapilan
benzetimlerle gosterilmistir. Senaryo 3’de global
PSS, salimimin soniimlenmesini 9.7 saniyeye
diistirse de TCSC’nin tek basma kullanildig:
durumdaki 8 saniyelik oturma zamanindan daha
yavag bir performans gosterilmistir. Bu durum
salinim modunun goézlemlenebilirliginin  daha
yiiksek oldugu bir global sinyal se¢imi ile telafi
edilebilir.
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Abstract

Hydrogels are used in the treatment of soft tissue damage, controlled drug release systems, tissue/organ
production with 3D bioprinters, smart material production, and many other tissue engineering studies.
Although polymers obtained from natural polymers or synthetically produced polymers are used in
hydrogel production, they may have various biocompatibility problems. In this study, Pericardial fluid
structure (PFS) was used to increase the biocompatibility of the alginate and was used in the production of
bioink for use in 3D bioprinters. PFS is a structure isolated from pericardial fluid (PF) and consists of
complex components that are very similar to natural Extracellular Matrix (ECM) both morphologically and
in content. According to the results of SEM images, the collagen-elastin fiber network was clearly observed
in the groups with PFS added, since PFS contains high levels of collagen and elastin proteins. It was
concluded that the biocompatibility of the material was also increased thanks to the structure similar to the
natural ECM in the alginate hydrogels with PFS added.

Keywords: Alginate, Pericardial fluid, Hydrogel, 3D bioprinter, Tissue engineering

Doku Miihendisligi Uygulamalarinda Kullanilmak iizere Aljinat ve Perikardiyal
Sivi ile Hidrojel Uretimi

Oz

Yumusak doku hasarinin tedavisinde, kontrollii ila¢ salinim sistemlerinde, 3D biyoyazicilarla doku/organ
iiretiminde, akilli malzeme iiretiminde ve daha pek ¢ok doku miihendisligi ¢alismalarinda hidrojeller
kullanilmaktadir. Dogal polimerlerden elde edilen polimerler ya da sentetik olarak iiretilen polimerler
hidrojel tiretiminde kullaniliyor olmasina ragmen gesitli biyouyumluluk problemleri tasiyabilmektedir. Bu
calismada 3D biyoyazicilarda biyomiirekkep iiretiminde kullanilan aljinatin biyouyumlulugunu artirmak
icin Pericardial fluid structure (PFS) kullanilmigtir. PFS Perikardiyal sividan (PF) izole edilen bir yap1 olup
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dogal Ekstraselliiler Matrikse (ECM) hem morfolojik hem de igerik olarak ¢ok benzeyen kompleks
bilesenlerden olugmaktadir. Dondurarak kurutulmus olan PFS degisen oranlarda aljinat ile karistirilarak
olusturulan gruplarmn kargilagtirmasi ve analizi icin SEM goriintilleme yapilmistir. SEM  gdriintiileri
sonuclarma gore PFS yiiksek oranda kolajen ve elastin proteini i¢erdigi igin kolajen-elastin fiber ag1 PFS
eklenen gruplarda belirgin bir sekilde gozlenmistir. PFS eklenen aljinat hidrojellerinde dogal ECM’ye
benzeyen yapi1 daha iyi olusturularak malzeme biyouyumlulugunun da arttirildigi sonucuna varilmistir.

Anahtar Kelimeler: Aljinat, Pericardiyal sivi, Hidrojel, 3D biyoyazici, Doku miihendisligi

1. INTRODUCTION

3D bioprinters are one of the tissue engineering
methods widely used in artificial tissue/organ
production. Bioprinting requires a structure that
allows cell viability and proliferation and best
mimics native ECM. Hydrogels are used in the
production of bio-inks for bioprinting by providing
3D and hydrophilic properties, as well as cell
viability, cell proliferation, differentiation, and
interaction with other cells. Hydrogels are three-
dimensional polymer materials that contain high
amounts of water and maintain their structural
integrity through physical and chemical cross-links
between polymer chains. The water retention
potential of hydrogels is due to their hydrophilic
structure and cross-links in their structure [1].

Hydrogels have a wide range of applications in the
medical field, with properties such as swelling-
shrinkage, response to stimuli, liquid-gel
transitions, shape memory, and protection of
biomolecules or drugs from the external
environment [2]. Additionally, it is used as bioink
for 3D bioprinters due to its similarities to natural
ECM and its ability to create a three-dimensional
environment for cells [1-3]. Natural polymers such
as alginate, chitosan, collagen, fibrin, hyaluronic
acid, and synthetic polymers such as PEO, PEG,
polyvinyl alcohol (PVA), and polyacrylic acid
(PAA) can be used in the production of hydrogels.
Hydrogels are made of synthetic and natural
polymers. With their biodegradation, bioabsorption,
mechanical properties, and high biocompatibility,
they are widely used in tissue engineering as drug
release materials, wound dressing materials,
bioinks, and scaffolds for bioprinters [1,4,5].

Hydrogels are generally produced by using natural
ECM components, which are collagen, hyaluronic
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acid, elastin, and fibrin, or by using Matrigel as a
commercial product. Matrigel is extracted from
mouse tumor cells, which include a protein source.
In addition, hydrogels can be produced by using
decellularized tissues that are enzymatically broken
down and gelling at appropriate pH or temperature
values [6,7].

Collagen, gelatin, fibrin, elastin, chitosan, and
alginate, which are natural polymers, are widely
used in tissue engineering studies due to their
biocompatibility. Natural polymers are used
together with synthetic polymers because their
structures can be damaged during the production
phase, their degradation is rapid, and they are
mechanically weak polymers. Synthetic polymers
are preferred due to their high mechanical strength,
ease of manipulation, and slow degradation.
Polyurethane (PU), PEG, PGA, PLGA, polyvinyl
alcohol (PVA), PLA, and PCL are synthetic
polymer types used in tissue engineering studies
[8,9].

Due to their similarity to natural ECM, gelatin-
containing hydrogel structures such as chitosan-
gelatin, fibrin-gelatin, alginate-gelatin, and dextran-
gelatin are also used in tissue engineering studies
[10-12]. Alginate, a hydrophilic, anionic, and linear
polymer, is a polysaccharide obtained from brown
seaweed. Alginate consists of subunits of
mannuronic acid (M) and glucuronic acid (G)
[13-15]. G monomer blocks in the structure of
alginate react with divalent cations (Ca2+, Mg2+,
Ba2+, or Sr2+), forming cross-links, and gelation
occurs [1,16-21].

Alginate is used in many biomedical applications
such as cell encapsulation, tissue engineering, and
drug delivery due to its gel-forming ability,
hydrophilic structure, low toxicity, lack of
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immunological effects, and lack of resources
[22,23]. Because alginate allows cell growth and
has high biocompatibility, it is also used to create
3D scaffolds in bioprinting studies [15,24]. In order
to increase cell growth and proliferation, alginate
can be used by mixing with other biocompatible
materials such as collagen, chitosan, and fibrin
[25-29]. The definition of PFS, a PF component,
was first introduced in a study conducted in 2023.
In that study, it was shown that PFS has similarities
to native ECM according to morphological and
contained materials [30]. In this study, hydrogel
groups produced by mixing alginate and PFS in
varying proportions. Groups of hydrogels for the
production of bioinks for use in 3D bioprinting were
compared and analyzed.

2. MATERIAL AND METHOD

The harvesting of PF from bovine hearts and
isolation PFS from the PF was described in our
previous studies [31-34]. PFS samples were frozen
at —80°C before being freeze-dried in a freeze drier
(Alpha 1-2 LD Plus, Martin. Christ, Germany).

2.1. Preperation of Hydrogels Samples

Freeze-dried PFS was dissolved in varying amounts
(50, 100, and 150mg) in Dulbecco's PBS (DPBS)
purchased from Thermo Fisher Scientific (USA)
and mixed with 3% Alginate (A) (Alginic Acid
Sodium Salt, Sigma, Germany) solution. Thus, four
different hydrogel groups were formed: A, A-50mg
PFS, A-100mg PFS, and A-150mg PFS. The
Alginate (A) hydrogel was used as a control for
comparison with the PFS-added hydrogel groups.
Alginate and alginate-PFS  hydrogels were
synthesized by cross-linking reactions. After
preparing the hydrogel solution, the hydrogels were
cross-linked in CaCl, (2%; v/v) for 15 min [35,36].

Figure 1 shows the flow images showing the
formation of the hydrogel structure obtained from
A-PFS solutions. Firstly, A-PFS hydrogel solutions
were prepared, and then the gelation processes were
done for all hydrogel groups.
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Figure 1. Images of the producton of A-PFS
hydrogel structures.

2.2. SEM Imaging of Hydrogels

Scanning electron microscopy (SEM) was used for
imaging and examining the microarchitecture of the
hydrogels. Hydrogel samples were frozen at —80°C
before being freeze-dried in a freeze drier (Alpha 1-
2 LD Plus, Martin. Christ, Germany). After frezee
drying to hydrogel samples were mounted onto
microscope stubs and coated with gold (3—6 nm).
SEM images (SEM; Evo Is-10 Life Science Zeiss,
Germany) were taken at 500x and 2500x
magnification with a resolution of 1024x768 in
8-bit grayscale.

3. RESULTS AND DISCUSSION

In the present study, the morphology of hydrogels
was observed by SEM. SEM images of hydrogel
groups are shown in Figure 2.

Figure 2.a-b shows the SEM image of the
honeycomb-like porous structure of the hydrogel
prepared using alginate. The alginate hydrogel
structure consists of a porous and very smooth
morphology. Figure 2.c-d shows that although PFS
is mixed homogeneously with alginate in the A-
50mg PFS hydrogel, its amount is low. In Figure
2.e-f, although PFS is seen more densely in the A-
100mg PFS hydrogel compared to the previous
group, PFS fiber networks are not seen much.
Figure 2.g-h shows that PFS is more dense and
homogeneously distributed in a porous structure in
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the A-150mg PFS hydrogel. Additionally, the PFS
fiber network appears to be very clearly dispersed
within the hydrogel. It is seen that the PFS
distribution in the A-50mg PFS and A-100mg PFS
hydrogel groups is less due to the amount. SEM
images show that the PFS distribution is better in
the A-150mg PFS hydrogel. The PFS fiber
networks are composed of collagen, -elastin,
fibrinogen, glycosaminoglycans (GAGS), and
proteoglycans [30]. These collagen fiber networks
can be seen in detail in our previous study, in which
PFS was characterized and analyzed.

Alginate (A)

A-50mg PFS

A-100mg PFS

A-150mg PFS

Figure 2. SEM images of hydrogel groups. a, b;
SEM images of Alginate (A) hydrogel. c,
d; SEM images of A-50mg PFS; e, f;
SEM images of A-100mg PFS; g, h;
SEM images of A-150mg PFS hydrogels
with magnification at 100x and 250x.

1080

4. CONCLUSION

In our previous study, pericardial fluid was
characterized and analyzed, which has similarities
to native ECM. That study demonstrated that PF
includes collagen types I, 111, and 1V, elastin, fibrin,
fibrinogen, GAGs, proteoglycans, and albumin. In
addition to similarities in content, PF also has
morphological similarities to native ECM [30].

In this study, we pretended to use PF in hydrogel
production and also show that it can be used as a
natural biomaterial. PFS was wused for the
production of hydrogel to increase the
biocompatibility of alginate, which is widely used
in bioink production in 3D bioprinters. When the
SEM images of the hydrogel groups produced by
adding varying amounts of PFS were examined, the
hydrogels produced using alginate had a smooth
and porous structure, while the hydrogel groups
with PFS added had a rough structure consisting of
porous and fiber networks. Additionally, it was
observed that as the amount of PFS increased, the
density of the PFS fiber network in the hydrogel
structure also increased. Thus, by increasing cell
adhesion in the cell-laden bioink produced using
PFS, it will be possible to create the desired tissue
with 3D bioprinters, allowing cell proliferation,
differentiation, and migration. PFS, the PF
component, has the potential to be used not only in
3D bioprinters but also as a natural biomaterial in
various tissue engineering studies and as a scaffold
to mimic natural ECM.
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Abstract

Channel estimation is central part of reconfigurable intelligent surface (RIS) aided communication for
active and passive beamforming. The primary challenge behind channel estimate is large dimensionality
stemming from not only massive number of RIS elements but also many antennas in base station. Large
dimensionality leads to excessive usage of pilot tones for OFDM signals implying high overhead and
decreased throughput. To alleviate the high usage of pilots for channel estimation, in this study we propose
to have a low complexity transmitter at the RIS simplifed with an aggressive clipping policy and a robust
channel estimator against clipping. For robust channel estimation, a generative machine learning model is
adapted to exploit prior information to compensate the information loss due to clipping. The simulation
results clearly indicate that the proposed estimator has quite a large resiliency for clipped transmitted signals
as compared to linear channel estimators.

Keywords: Channel estimation, Reconfigurable intelligent surface, Machine learning, Clipping

Ideal Olmayan Donanima Sahip Yeniden Yapilandirilabilir Akilh Yiizeyler icin
Genis Bant Kanal Kestirimi

Oz

Kanal kestirimi, aktif ve pasif huzme olusturma amacl kullanilan yeniden yapilandirilabilir akilli yiizeyler
(RIS) destekli iletisimin merkezi bir pargasidir. Kanal kestiriminin arkasindaki temel zorluk, ¢ok fazla RIS
6gelerinden ve ayn1 zamanda baz istasyonundaki bircok antenden kaynaklanan biiyiik boyutluluktur. Biiylik
boyutluluk, OFDM sinyalleri igin pilot tonlarin asir1 kullanimina yol agar, bu da fazla ek yiik ve azalan veri
hiz1 anlamina gelir. Kanal kestiriminde pilotlarin fazla kullanimini azaltmak igin bu ¢aligmada, RIS'de
diisiik karmagsikliga sahip bir vericiye sahip olmak igin agresif bir kirpma politikas1 ve kirpmaya kars1
dayanikli bir kanal kestirimi 6neriyoruz. Dayanikli kanal tahmini i¢in, kirpmadan kaynaklanan bilgi kaybini
telafi etmek {iizere Onceki bilgileri kullanan iiretken bir makine &grenimi modeli uyarlanmaktadir.
Simiilasyon sonuglari, onerilen kanal kestiriminin, dogrusal kanal kestirimleri ile karsilastirildiginda
kirpilmis iletilen sinyaller i¢in oldukea biiyiik bir esneklige sahip oldugunu acikca gostermektedir.

Anahtar Kelimeler: Kanal kestirimi, Yeniden yapilandirilabilir akilli ylizeyler, Makine 6grenimi, Kirpma
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1. INTRODUCTION

Optimizing  propagation  environments  via
deploying reconfigurable intelligent surface (RIS)
on various objects have spurred great interest for
achieving diverse communication objectives,
including coverage, capacity and energy efficiency
[1]. RIS can be viewed as a planar array,
implemented either with reflect arrays [2] or
metamaterials [3], consisting of many nearly-
passive discrete elements. By adjusting the
amplitude and phase of these elements according to
wireless channels in real-time, the incident signals
on RIS are constructively reflected to be aligned
with the main data streams between a base station
and users while eliminating interference by
destructively reflecting signals to non-intended
receivers.  This  reflection based passive
beamforming obviously enhances the received
signal power at the expense of increased pilot
overhead due to the need for channel state
information (CSI) between RIS and a base station
as well as RIS and users.

The existing approaches to acquire CSI have
centered on estimating cascaded user-RIS-base
station channel, i.e., the end-to-end channel from a
user to a base station through a RIS at the base
station with a least-squares (LS) estimator [4-6],
minimum mean square error (MMSE) estimator [7],
and compressed-sensing algorithms [8,9]. Although
estimating the concatenated end-to-end channels is
usually sufficient to obtain the beamformers [5],
this leads to lengthy pilot sequences mainly because
of the large dimensional channel between base
station and RIS. Furthermore, many papers model
the overall RIS as completely passive. As opposed
to these, RIS is designed nearly-passive [1],
meaning that although RIS elements do not have a
dedicated transmitter and receiver, there can be a
separate low complexity transmitter and receiver
module to communicate with a central station to
periodically obtain the appropriate amplitude and
phase shift values of each element.

The main contribution of this paper is to design a
channel estimator if there exists a low-complexity
transmitter in the RIS. Our approach is quite
different than [10], which suggests to employ a
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number of receivers for some RIS elements. Our
motivation behind having a transmitter instead of a
receiver at the RIS side is to communicate one pilot
symbol per transmitter irrespective of the number of
base station antennas and move the signal
processing complexity out of RIS. Once the channel
matrix between a base station and RIS is estimated,
the other channels can be estimated relatively easily
with a few pilots.

In this work, we first propose a low-complexity
transmitter model with imperfect hardware that is
placed in the RIS. Then, we develop a hardware-
aware channel estimator motivated by the fact that
the performance of LS and MMSE estimators
detoriates quite a lot at low complexity hardware
[11-12]. Lastly, we show the energy efficiency of
our proposed approach and provide the related
simulation results.

2. SYSTEM MODEL

In an RIS-aided communication system, a base
station can accommodate multiple users by
ensuring a certain data rate to each user if the
elements of the RIS are optimized properly to
constructively reflect the main data streams in
addition to the beamformers in the base station. We
assume that a base station equipped with M antenna
elements communicates with U single antenna users
via an RIS with N elements over K subcarriers
where U K M K N.

EEEER
EEEEED
f . II“\._
NS N
/ \/ v v
v
UserU_

Figure 1. The system model that has a base station
with M antennas, U number of single-
antenna users and an RIS with N
elements.
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To estimate the uplink channel in Figure 1, e.g., the
channel from a user to the base station, the received
signal in the frequency domain for the k'™ subcarrier
can be expressed as

Ry = (Dy + H®G )Y * X, + Vi (1)

where D, is the MxU matrix due to the direct
channel between all the users and the base station,
H,, is the MxN channel matrix between the RIS and
the base station, and G is the NxU channel matrix
between the RIS and all the users. Further, Y}, is a
UxU diagonal matrix, whose diagonals represent
the transmitted power at the k™ subcarrier for the u
user, and X}, is the Ux1 transmitted signal vector.
The zero mean Gaussian noise vector is denoted as
V. with variance 2.

Each RIS element is decomposed as

0, = Bnexp(dn) (@)

where ¢, denotes the phase shift value selected
from a finite set and B, €[0,1] is the attenuation.
This constitutes the diagonal matrix

0, - 0
0 - By

to adjust the amplitude and phase of each RIS
element in equation (1). The fundamental challenge
to optimize the matrix @ in equation (1) lies in
estimating the channels Dy, Hy,, Gj. Notice that this
leads to sending at least N + 1 pilot vector per
coherence time with the classical LS or LMMSE
estimators [4], [7]. Such a pilot overhead
dramatically decreases data rate and hence energy
efficiency since N > 1, and can even override the
benefits of deploying an RIS to support the weaker
links.

Optimizing the matrix @ requires channel
estimation. In this study, we focus on estimating Hj,
for k = 1, ..., K with reasonable number of pilots.
This is challenging due to large dimensionality. Our
methodology to tackle this problem is as follows:
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e Employ a low-complexity transmit RF chain
at the RIS side, and

e Send a single pilot tone per coherence
bandwidth from this transmitter.

Since it is not plausible to have a sophisticated
transmitter at the RIS, we need simple transmit
architecture and hence developing a robust channel
estimator against hardware impediments is
mandotory to estimate the channel between an
element of the RIS and the BS, i.e., n column of
H,, which is a Mx1 vector denoted by Hy ,.

Note that after estimation of Hy, ,, the entire channel
matrix Hy can be found in many different ways
without sending any pilots from the other RIS
elements. One typical appoach is to make use of
compressed sensing [10]. Additionally, a few
transmit RF chains can be utilized instead of a
single transmit RF to make a compromise between
finding the missing entires of the channel more
accurately versus having slighty more hardware
cost at the RIS. It is trivial to adapt all the proposed
ideas in case of there is a few transmit RF chains.
Optimizing this number and finding more efficient
methods than compressed sensing are interesting
problems for future research.

The main advantage of having a transmit RF chain
instead of a receive RF chain at the RIS is to carry
over the computational complexity of signal
processing for channel estimation to base station.
Although one may argue that channel can be
estimated with the help of a server communicated
with an RIS, the delay due to message exhange
between an RIS and server may not be tolerable for
channel estimation. Also our approach avoids
feedback overhead for base station beamforming.

3. HARDWARE TOLERANT
CHANNEL ESTIMATOR

Employing a full-fledged transmit RF chain can be
too costly for the RIS. Thus, we first propose a
simplified transmitter model. Then, we develop a
hardware tolerant estimator to make a reliable
channel estimation despite the simplified
transmitter, and show the energy efficiency.
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3.1. A Low Complexity Transmitter Model

The main complexity of a transmitter comes from
digital-to-analog converters (DACs) and power
amplifiers. To alleviate the complexity of these
elements, clipping can be employed. Clipping
essentially limits the signal to lie above or below a
predetermined threshold at the expense of bringing
nonlinear distortion. If the signal is considerably
clipped, it is possible to devise low complexity
DACs and power amplifiers. Grounded with this
idea, we investigate the impacts of transmitting
clipped signals on channel estimation for the RIS.

In order to better perceive how clipping can
simplify DACs, the clipping threshold +Iiy,, can be
associated with quantization yielding

_ 2+Tpr
Aq - 2n_1 (4)

where n is the the DAC resolution in number of bits
and the average quantization noise power for a
uniform quantization distribution between —A,/2
and A, /2 is qu /12. From equation (4), one can
infer that that decreasing the clipping threshold
enables us to reduce the DAC resolution without
increasing the quantization noise, e.g., decreasing
[ine 8-fold means approximately 4-bit less
quantization resolution since the threshold is
multiplied by 2.

Another serious challenge in designing a simple
transmitter is large peak-to-average power ratio
(PAPR) for OFDM signals, causing an expensive
linear power amplifier with large back-off. With a
high PAPR only a large back-off can ensure to
operate in the linear regime of the power amplifier
to avoid signal distortion and out-of-band emission
[13]. On the other hand, a large clipping greatly
decreases the PAPR of the signals, and this results
in utilizing a cheap nonlinear power amplifier
similar to the ones used in constant-envelope
modulations [14]. Furthermore, clipping facilitates
the design of an automatic gain controller (AGC),
which aims to balance the quantization and clipping
distortion.

1086

Keeping all these in mind with an aggressive
clipping, it is possible to design a low-complexity
transmitter regarding the DAC and power amplifier
for the RIS. To measure the level of clipping, as a
performance indicator we define

I I
l—‘clip = o_t:lis (5)
where
Urzis = Z wk (6)
k=1

and 1, is the power of OFDM signal at the k'
subcarrier at the RIS before clipping.

Eventually, clipping encapsulates and dominates
many transmitter impairments. Thus, defining [
works as a proxy for low complexity hardware
design. However, clipping is a nonlinear operation
and yields out-of-band emissions that aliases with
the in-band signal in case of Nyquist sampling rate.
Because of this, the linear channel estimators in
OFDM such as least-squares (LS) and linear
minimum mean square error (LMMSE) perform
very poorly as illustrated in Section 4. We now
propose a robust channel estimator against clipping.

3.2. Channel Estimation

The main problem for this part is to estimate the
channel between the RIS and the base station
presented in Figure 1. More mathematically, the
goal is to estimate H;, for k = 1, ..., K. To this end,
pilot symbols on frequency domain are utilized as
P =[Py, ..., Pg]" over subcarriers to estimate the
channel between an RIS element and the base
station by assuming without any loss of generality
that coherent bandwidth is at subcarrier level.
Modulating the K-dimensional pilot vector P with
the KxK inverse discrete Fourier transform (IDFT)
matrix F¥ and clipping results in such a transmitted
signal

S = Cyige © F'P (7

where Cy;g; 1s the distortion operator and o denotes
the Hadamard product. Notice that S =[Sy, ..., S]T
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such that Sy is the signal transmitted from RIS at the
k™ subcarrier, whereas X; in equation (1) is the
transmitted signal from the users at the k%
subcarrier.

OFDM signals are composed of real and imaginary
parts, therefore clipping can be applied separately
to the quadrature and in-phase components given by

[Caise © F7P 1y
= Re([ F"PLi) Ti_ry,,<re(HP <] (®)

+ Im(] FHP]"’—) T[_FthrSIm(FHP)]ksrthr]

where T is the function such that it is 1 if the
condition is ensured; otherwise it sets the related
component to either Iy, or —[y,,. Re and Im are
the real and imaginary part of the signal in the time
domain.

Transmitting the clipped signal followed by discrete
Fourier transform (DFT) produces the received
signal in the frequency domain at the m™ antenna of
the base station as

Yin = JOFHpS + Z, 9)

where Y,, is a Kx1 vector, i.e., the m™ column of the
KxM matrix Y =[Yy, ..,V ], \/Eis the received
signal-to-noise-ratio (SNR), H,,, is the KxK channel
matrix between the active element of the RIS and
the m™ base station antenna, and Z,, is additive
white Gaussian noise (AWGN) defined as the m'
column of the KxM matrix Z = [Z4, ..., Zy |.

The main goal of this part is to estimate the channel
H,, from the observations Y, in (9) for m =
1,..,M by using a single pilot vector. This is
challenging because of the clipped pilot signals that
lead to inter-carrier interference and SNR
degradation. To compensate these losses, we use an
estimator that exploits prior knowledge from the
channel either by using a measured dataset or by
using the generated samples from a statistically
known channel, and injects this knowledge to the
associated channel estimator. In this respect, we
make use of the recently proposed GAN-based
channel estimator [15,16].
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Our main differences from these works are as
follows: (i) the goal of [15] and [16] is to reduce the
number of pilots for the narrowband and wideband
channels respectively, whereas our goal is to cope
with the clipping distortion; (ii) [15] and [16] do not
consider RIS aided communication. Furthermore,
the statistics of the wideband channel between the
two static nodes, i.e., the RIS and the base station
changes very slowly and this avoids frequent
training of the GAN. More precisely, for our case
only the number and location of the scatterers can
affect the channel, and as shown in [16] these
changes do not require retraining of the GAN. This
means that a machine learning based channel
estimator with a training process seems quite
appropriate to estimate the channel between the RIS
and the base station.

To adapt the GAN-based channel estimation, we
formulate (9)

Y = /pIS" @ F 1Hy + Zp, (10)

where  is the Kronecker product, and H,, is the
vectorized channel acquired by concatenating the
columns. Then, we formulate the problem as

z* = arg min||Y, —/p[ST ® F]G(Z)Hi (11)

where G is the pretrained generator network of the
GAN and z is its input. Note that a GAN is
composed of two networks, namely a discriminator
D and a generator G. Optimizing (11) yields the
channel estimate
Hy =G (2" (12)
The simple block diagram of the channel estimator
relying on equation (11) and (12) is provided in
Figure 2 for completeness. In this framework, the
generator and discriminator networks are first

trained and then the generator is utilized for channel
estimation.

1087



Wideband Channel Estimation with Imperfect Hardware for Reconfigurable Intelligent Surfaces
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Channel estimator

Figure 2. Proposed estimator.

It is worth noting that this method can also be
trivially adapted to estimate the channels between
user and RIS as well as the channels between the
user and base station. Alternatively, simple LS
estimator can also be used for these uplink channels
with a few pilots due to the single antenna users.

3.3. Energy Efficiency
In this part, the effect of having a low-complexity
transmit RF chain in the RIS is studied in terms of

energy efficiency, which is defined as

spectral ef ficiency (usg)
total power consumption

Hee = (13)
Employing a single or a few transmit RF chain
increases the total power consumption of the RIS.
This, however, improves the energy efficiency of
the link due to the decreased number of pilots as
compared to the conventional approach of having
no transmitter and receiver in the RIS and
estimating the cascaded channel by sending a single
pilot for each RIS element.

For uplink channel estimation, the conventional
method utilizes N + 1 pilots for each user, namely
N pilots for the indirect channel between RIS and
base station, 1 pilot for the direct channel between
a user and base station. To balance the channel
estimation quality with the burden of sending pilots,
it is generally a good choice to use the half of the
coherent time for pilots and the other half is for data

1088

transmission [17]. With all these, according to the
equation (1) the energy efficiency becomes

.
Ly KU o B (] wtHEOG 4[5

3 2koum1 1082 ( T Dk, H.6G,, |2 =2 (14)
Pi+ Pps+ Pur + Pris

HEE =

where Dy ,,, Gy, are the u™ column of the associated
Dy, Gj, matrices, and the total transmission power is
Pe = Zio1 [IGEIXE X, 13 (15)
Additionally, Pgs, Pyg, Pgistepresent the power

consumed by the base station, user, and RIS,
respectively.

In our proposed scheme N,,,;; number of low-
power transmit RF chains are utilized at the RIS
essentially for channel estimation purpose. This
brings additional power consumption at the RIS
shown by P, On the other hand, this can
decrease the number of pilots from N +1
to Nypie + 1 with the proposed estimator. Hence,
the energy efficieny in equation (14) scales with

(proposed) _ N+1 Ptut. o
MLE -"'\'rxml[. + 1 P{ul. + mei[. HEE (16)
where
Ptot = Py + Pps + Pyp + Pgys (17)

Since P,,i; consumes substantially low power with
respect to P, when N > N,,.;¢, it is apparent
from equation (16) that

(proped)
EE > UgE

(18)
4. NUMERICAL RESULTS

4.1. Simulation Settings

The considered system composed of a base station,
RIS and users shown in Figure 1 communicates via
OFDM waveform over a TDL channel model
similar to [16]. The relevant communication
parameters utilized for our simulations are given in
Table 1.
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Table 1. Simulation parameters
Parameters Values
Number of subcarriers, K | 64

Subcarrier spacing 15 kHz
Bandwidth 20 MHz
Number of users, U 16
Number of base station

64
antennas, M

. Uniform rectangular
Base station antenna type g

array
Antenna spacing A )
Maximum doppler shift SHz
Delay spread 100ns
Delay profile TDL-E

For the proposed channel estimator in Figure 2, we
train a Wasserstein GAN [18,19] with DCGAN
architecture [20]. Then, the discriminator network
D is discarded and the generative part G is utilized
as explained in Section 3.2. The GAN parameters
for training are illustrated in Table 2.

Table 2. GAN training parameters

Parameters Values
Number of training samples | 5000
Optimizer RMSprop
Learning rate 0.00005
Epochs 3000
Batch size 200
Latent dimension 15

4.2. Comparisons

The proposed estimator is compared with the linear
LS and MMSE estimators that are commonly
utilized for many sorts of applications. The
estimation quality is measured in terms of
normalized mean squre error (NMSE) defined for
the m™ antenna as

NMSE,m = E["J" il ]( 9)

[T

Notice that averaging (19) over receive antennas
yields NMSE. To implement a simplified
transmitter model at the RIS, clipping is considered
with different levels in terms of I, as stated in
equation (5).
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In Figure 3, the transmitted signal is clipped by
setting the clipping threshold to 1/4 of the standard
deviation of the transmitted signal, Although LS
and LMMSE estimators are greatly impacted from
this amount of clipping as compared to unclipping,
our proposed GAN based estimator shows quite
robust performance as can be observed in Figure 3.

10 e =@= LS-Unclipped
T e L5 Tpi0.25
20 --de- LMMSE-Unclipped
cedees LMMSE-F:0.25 7
_ 10 == GAN-Unclipped
g e —— GAM-T:0.25
@ 0 ST
£ .,.+ ""‘-1__‘_‘
-10 + ‘.‘hq‘"'"---
R *
-20 oz T
- ke,
Y

5.0 25 00 25 5.0 7.5
Received SNR [dB]

The performance comparison of the
proposed method with respect to the LS
and LMMSE estimators

10,0 125 150

Figure 3.

Next the performance of the proposed estimator is
plotted for various clipping ratios for 2 different
received SNRs at 5dB and -5dB. Promisingly, our
estimator does not degrade much even if too
agreessive clipping exists at the transmitter as
depicted in Figure 4, where
Clipping Ratio =10 log; o (Tg1ip) % (20)
Note that in Figure 4, [, and hence [y, in
equation (5) are variables. This verifies that having
a very low complexity transmitter at the RIS does
not decrease the channel estimation performance at
the base station for our estimator.

=16.5
17.0 4
=17.5 13

=18.0
=dr= Received SNR = 5dB

18.5 —— Recelved SNR = -5d8 |

NMSE [dB]

19.0

19.5 4
e
20.0 4 e —h_|

-20.5 {4~

15 10.0 125 150 175 20.0 225 25.0
Clipaing Ratio [dB]

Figure 4. The performance of the proposed
estimator with respect to different
clipping ratios.
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5. CONCLUSION

In this study, RIS aided communication is
considered for channel estimation problem. We
argue that the primary challenge of high
dimensional estimation leading to many pilot
symbols is tackled with an estimator that works well
with clipped transmitted signals relying on a GAN
based estimator that can leverage the channel
structures in the training phase and use it as prior
information to compensate the information los due
to clipping. The effectiveness of the proposed
approach is clearly presented via simulation results.
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Oz

Bu ¢aligmada, kaynagint Adana ilinin kuzey kesiminde bulunan Orta Toroslar’dan alan (Aladag/Adana) ve
Tuz golii lagiinii yakinlarinda Akdeniz’e dokiilen Seyhan Nehri’nin kaynagi ile bogalim noktasi arasinda
belirlenen 28 farkli noktadan nehir yatagi boyunca su kimyasinda meydana gelen degisimleri belirlemek
amactyla yerinde fiziksel parametre Olglimleri yapilarak su ornekleri alinmistir. Alman Orneklerin
laboratuvarda ICP-MS, spektrofotometre, iyon kromatografisi ve titrasyon yontemleri kullanilarak major
anyon/katyon degerleri tespit edilmistir. Elde edilen sonuglar, grafiksel yontemler ve Cografi Bilgi
Sistemleri kullanilarak degerlendirilmistir. Akarsu 6rneklerinde yapilan iz element analizlerine gore; iz
element konsantrasyonlarinin nehrin aktig1 havza boyunca degiskenlik gosterdigi tespit edilmistir. Nehrin
kaynak kisminda konsantrasyon degisimleri, bu boliimlerde sehirlesme ve tarim arazilerinin nispeten daha
az olmasindan kaynaklanmaktadir. Genel olarak Pb, As, Cd gibi iz element yogunlugu kaynak kismindan
bosalim noktast olan Akdeniz dogru artis gostermektedir. Bu artisin sebebinin tarimda kullanilan verim
artirict ¢esitli kimyasallar, evsel ve endiistriyel atiklar ile tarim ve ulagimda yakit olarak kullanilan petrol
tiirevleri oldugu sonucuna varilmistir.

Anahtar Kelimeler: Seyhan Havzasi, iz element, Antropojenik kirlenme, Hidrojeokimya

Evaluation of Water Quality and Trace Element Concentrations of the Seyhan
River

Abstract

In this study, at 28 different points along the Seyhan river, which takes its source from the Central Taurus
(Aladag / Adana) in the northern part of Adana province and discharges into the Mediterranean Sea near
the Tuz Goli Lagoon, water samples were collected after in-situ physical parameter measurements to reveal
changes in water chemistry. Major anion/cation values of the samples were determined in the laboratory by
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using ICP-MS, spectrophotometer, ion chromatography and titration methods. The results obtained were
evaluated using graphical methods and Geographic Information Systems. Trace element concentration
analyses made in the river samples showed concentrations vary throughout the basin through which the
river flows. Analysed concentration changes in the source part of the river were relatively lower compared
to urbanized and agricultural lands. In general, the density of trace elements such as Pb, As, and Cd
increases from the source part towards the discharge point, the Mediterranean Sea. This increase is
attributed to the various chemicals used in agriculture, anthropogenic wastes, domestic and industrial
wastes and petroleum derivatives used as fuel in agriculture and transportation.

Keywords: Seyhan Basin, Trace element, Anthropogenic pollution, Hydrogeochemistry

1. GIRIS

Artan ilke niifusu, g¢esitlenen endiistriyel tretim
tesisleri ve hizli kentlesmeye bagli olarak nehirler,
goller, akarsular sehirlerin iginde kalmaktadir. Bu
durum tatlh su kaynaklarini birgok ydnden
etkilemektedir. Ozellikle temiz ve insan saglig1 igin
risk igermeyen i¢me-kullanma suyunu olumsuz
etkilemektedir. Ayrica sulama suyu kaynaklarinin
tarimsal Uretim amacgl kullanilan kimyasallarla,
kontrolsiiz atik suyu desarjindan etkilenmesi de
besin zinciri yolu ile insan saghgmi tehdit

etmektedir. Bu  etkilesimler zamanla su
kaynaklarinin ~ kalitesini  etkileyerek  dogal
dongiilerde  aksakliklara neden  olmaktadir.

Antropojenik (endiistriyel, tarimsal vb.) etkilerden
dolay1 iz element ve cesitli zararli kimyasallar
dogada su-toprak ara yiizii ve su-atmosfer ara
ylizeylerinde yigisarak birikmekte ve cesitli
tagtyicilarla taginarak tathi su kaynaklarini olumsuz
etkilemektedir. Su kaynaklarindaki iz element
kirliliginin temel kaynagini antropojenik faaliyetler
ve hidrojeokimyasal siiregler olusturmaktadir.

Yiiksek yogunluga sahip ve daha ¢ok zararli olan
elementler olarak da tanimlanan iz element genel
olarak arsenik, bakir, demir, kursun, civa, ¢inko,
kadmiyum ve kromdan olusmaktadir. iz elementler
biyoakiimiilasyon o6zelliginin yan1 sira gevresel
dayanikliliga sahiptirler.

[z  elementler, hidrojeolojik,  jeokimyasal,
atmosferik etkilesim sonucu ylizey ve yeralti
suyuna karisarak su ekosisteminin kalitesini
diisirmekle birlikte insan saghgmi da tehdit
etmektedir [1]. iz elementler, kayaclarda bolluk
derecesi % 0.1’den az olan elementlerdir. Cok uzun
zaman dilimlerinde bile bu iz eclementler
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bozunmazlar ve siirekli  birikerek  yiiksek
konsantrasyonlara erigebilirler. Gostermis olduklari
bu oOzelliklerinden dolay1 oldukca  zararh
etkilesimler  gergeklestirmektedirler. Bu iz
elementler ekolojik dongiiye; hava yoluyla,
icilebilir su yoluyla, tarimsal faaliyetlerle, insan
yapimi ¢ok sayida kimyasal ve iiriin yoluyla veya
dogal etkilesim yolu ile girerler. Evsel, tarimsal,
endiistriyel vb. atiklarin  giivenli bir sekilde
doniistiiriilmemesi, depolanmamasi durumunda,
tatll su kaynaklar1 hizla kirlenmekte, tath su
rezervleri geri doniisii miimkiin olmayan zararlar
gormektedir [2,3]. Jeolojik kaynakli ¢esitli dogal
etkenler de yeralti ve ylizey sularmin kimyasimni
etkileyerek zaman zaman kirlilik yaratabilmektedir
[4,5].

Tatli su kaynaklarmin kalitesinin yan sira kaynak
rezervleri de olduk¢a onemlidir. Kiiresel 6l¢ekte
artan sicakliga bagli meydana gelen iklim
degisikliginin etkisi, asir1 yeraltt suyu c¢ekimi,
yeraltt suyu akim sistemlerinin diizensiz yapilagma
nedeniyle tahrip edilmesi, maden kazilarma baglh
akifer 6zelligi tasiyan hazne kayaclarin etkilenmesi
gibi nedenler tathh su miktarlarinda azalmasina
neden olmaktadir. Su kaynaklarinin siirdiiriilebilir
yOnetiminin Onemini ortaya koymaktadir. Bu
amagla, tatli su kalitesi, miktar1 ve korunmasina
yonelik caligmalar giderek artmaktadir [6,7].

Tiirkiye’nin en biiyiik havzalarindan biri olan
Seyhan Havzasi, Dogu Akdeniz Havzasi igerisinde
yer almakta ve yaklagik 20.600 km?lik bir alan
kaplamaktadir. Seyhan Havzast 37° 51' 59" kuzey
enlemi, 36° 03' 32" dogu boylami koordinatlarinda
yer almaktadir. Drenaj alami 22,035 km? olan
kuzey-giiney uzanimli Seyhan Havzasi’nda, deniz
seviyesinden baslayan topografik yiikseklikler, Orta
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Toros Daglari’nda 3275 m’ye kadar (Demirkazik
Tepe) ulagsmaktadir (Sekil 1). Havzanin kuzey
/kuzeybatisinda  Kayseri, batisinda  Nigde,
giineybatisinda Mersin, kuzeydogusunda
Kahramanmaras illeri bulunurken dogusunda ise
Ceyhan ilgesi bulunmaktadir. Uzunlugu 560 km
olan Seyhan Nehri, kaynagini Orta Toroslarin
eteklerinden alarak Adana il merkezinden gegerek
Tuz golii Lagiinii olarak adlandirilan bolgede
Akdeniz’e dokiilmektedir [8]. Seyhan Nehrinin ana
kollart Goksu ve Zamanti irmaklaridir. Kozan
ilcesinin kuzeyinde Goksu Irmagi ve Zamanti
Irmag1 birlestikten sonra bu akarsu Seyhan Nehri
adin1 alir. Seyhan Nehri giiney yoniinde akigini
devam ederken sag sahilden Aladag ilgesi
dogusunda Dogan Cay, giineyde Karaisali ilgesi
civarinda ise Eglence, Korkiin ve Cakit dereleri
birlesir. Seyhan barajindan itibaren Adana kenti
icerisinden gegerek Tuzla (Karatag) civarinda
Akdeniz’e bosalir.

Gukurova Unv
CACIKLAMALAR

Yilkseklikler(m)
En yuksek | 180

0 15 20
O km A, DOsk: 0

Sekil 1. Calisma alanmin (Seyhan Havzasi) yer
bulduru haritasi
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Inceleme Alani ve Cevresinin Jeolojisi

Seyhan havzasi, batida Ecemis, doguda Ceyhan
havzasi ise smirlanmaktadir. Havza, Orta Toros
Kusag icerisinde bulunmaktadir [9]. Bu sinirlar
icerisinde bulunan Seyhan Nehri’nin {izerinden

aktig1 stratigrafik yapt ve litoloji  birgok
ozelliginden dolay1 oldukga farklilik
gostermektedir. Bu yapilar, farkli
tektonostratigrafik birlikleri kapsamaktadir
(Sekil 2).

Bu birlikler incelendiginde Olistostromal 6zellik
tagtyan Bolkar Dag1 birligi, Devoniyen-Alt Tersiyer
araliginda ¢okelmis karbonat ve kirintili kayalardan
olusmaktadir [9,10]. Triyas-Senoniyen déneminde
¢cokelmis Bozkir birligi, self tipi kayalardan, kita
yamaclt ve okyanus tipi kayalara kadar degisebilen
farkli fasiyesleri temsil eden istiflerle asidik tiif,
bazik ve ultrabazik kayalari ve serpantinitlerden
olugmaktadir. Devoniyen—Kretase yasli Aladag
birligi self tipi karbonat ve kirintili birimlerden
olugsmaktadir. Kambriyen-Erken Tersiyer yash
Geyik Dagi birligi, karbonat ve kirintilt birimleri
igermektedir [9].

Seyhan Nehri ve kollarinin biiyiik bir bolimiiniin
icerisinden aktigi Ortii birimleri ise Tersiyer-
Kuvaterner yasli olup s1g deniz ¢okeller ile pelajik
(derin deniz) ¢okellerden olusmaktadir [10].

Ortii Birimleri

Adana Havzasi igerisinde genis yayilim gosteren
Tersiyer ortli birimleri, batida Ecemis fay zonu,
kuzeyde Aladag, giineyde Adana ve batida Kozan
ilgesine kadar gozlenmektedir (Sekil 2).

Senozoyik
Cukurova’nin olusumunda etkili olan Seyhan

Nehri, tasimis oldugu akarsu c¢okellerini Adana
Havzasi’'nda bulunan Tersiyer’e ait Gildirli

formasyonu, Karsanti formasyonu, Kaplankaya
formasyonu, Karaisali formasyonu, Cingdz
formasyonu, Giiven¢ formasyonu, Kuzgun

formasyonu, Handere formasyonu ve Kuvaterner
yasli taraca, kalici, eski-yeni aliivyon ¢okellerinden
almaktadir. Bu formasyonlar:

1095



Seyhan Nehrinin Su Kalitesi ve Iz Element Konsantrasyonlarinin Degerlendirilmesi

Gildirli formasyonu; Paleozoyik ve Mesozoyik
yasli birimler {izerinde uyumsuz olarak gelen
Oligosen-Erken Miyosen yasli Gildirli formasyonu,
yaklagik 400 m kalinlikta kizilimsi renkli ¢apraz
katmanli cakiltasi, c¢akilli kumtasi, kumtasi ve
camurtagsindan olusu [10]. Bu birimin {izerine
Kaplankaya formasyonu ve Karaisali formasyonu
gelir.

Karsanti formasyonu; Kalinligr 880-1500 m
arasinda degisen Oligosen yasli oldugu diisniilen
birim, agik gri renkli, ince-orta ve kalin katmanl
marn, ¢amurtasi ile daha az olarak da cakilli
kumtasindan olugmaktadir [10,11].

Kaplankaya  formasyonu; bazi  bdlgelerde
Paleozoyik ve Mesozoyik yasli birimler iizerine
acisal uyumsuzlukla gelen, Erken Miyosen yash
olan ve kalinlig1 35-60 m arasinda degisen bu birim,
genel olarak boz renkli ¢akilli kumtagi, kumtasi,
kumlu-killi ~ kiregtagi-marndan  olugmaktadir.
Formasyon tabanda Gildirli formasyonu, tavanda
ise Karaisali formasyonu ile gegislidir. Ustte
Karaisali formasyonu, Giiveng formasyonu ile
yanal ve diisey gecisler sunmaktadir [10,11].

Karaisali formasyonu; kalinligr 0-600 m arasinda
degisen orta Miyosen yasli bu birim gri, acik gri, bej
renkli,  kalin-cok  kalin  tabakali  resifal
kiregtaglarindan olusmaktadir [10,11].Formasyon
Paleozoyik ve Mesozoyik yash birimler iizerine
acisal uyumsuzlukla gelmektedir. Bu birim tizerine
ise yanal ve diisey gegisli olarak Giiveng formayonu
ve Cingdz formasyonu gelmektedir [10,11].

Cing6z formasyonu; Erken-Orta Miyosen yagli olan
birimin tabaninda gri renkli ¢akiltasi, ¢akilli
kumtas1 ve kumtas: bulunmaktadir [10,11]. Ust
kesimlerde ise daha ¢ok kumtagi-seyl ardalanmasi
yer almaktadir. Birimin kalinligi yaklasik olarak
3500 m’dir. Birim Gildirli formasyonu, Kaplankaya
formasyonu, Karaisali formasyonu ve Giiveng
formasyonu ile gecislidir [11].

Giiveng formasyonu; kalinligr 20-3230 m arasinda
degisen Orta Miyosen yaslt bu birim ¢ogunlukla
koyu gri, yesilimsi gri renkli seylden olugmaktadir
[11]. Birim igerisinde ince kumtagsi-silttagi-killi
kiregtast ve yer yer karbonlu seyl diizeyleri
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bulunur [11]. Birimin Formasyon tabanda Karaisali
formasyonu ve Kaplankaya formasyonu ile tavanda
ise Kuzgun formasyonu ile yanal ve diisey
gecislidir [11].

Kuzgun formasyonu; formasyonun tabaninda sig
denizel-karasal nitelikli asfasiyeslerden olusan
Kuzgun iiyesi bulunup iizerinde ise Salbas tiifit
tiyesi ile Memigli liyesi yer almaktadir [13,14].
Kuzgun iiyesi ¢akiltasi, ¢akilli kumtasi, kumtasi ve
camurtagt ardalanimindan olusmaktadir [13,14].
Tortoniyen yaslt Salbas tiifit liyesi tabanda agik gri
renkli  volkanoklastik  kumtagi-cakiltas1  ile
baslamaktadir. Ana tiifit kiitlesi agik gri-kirli beyaz
renkli, kil ve mil igeren yer yer biyotit ve kit mafik
mineralli tiifit veya volkanoklastik miltasidan
olusmaktadir [10,11]. Memisli iiyesi akarsu, gol s1g
deniz  ¢okellerinden  olusmaktadir. Kalinligi
yaklagik 850m olan birim, alacali renkli, ¢apraz
katmanli ¢akilli kumtagi ve kaba kumtasi ile alacali
renkli silttagi-gamurtagindan olugmaktadir.

Handere formasyonu; Kaliligi 120-700 m arasinda
degisen Messiniyen-Pliyosen yasli birim genel
olarak boz renkli ¢akiltasi, cakilli kumtagi, kumtast,
silttag1 ve camurtasi, marn’dan olusmaktadir. Birim
altta Kuzgun formasyonu iizerinde gegislidir. Ustte
Adana havzasinin yaygin taraga olusumlari ve geng
alivyon ortiileri ile ortiilmektedir [10].

Taraga; Adana Havzasi’nda genel olarak iki tiir
taraca malzemesi bulunmaktadir. lki Handere
formasyonunun  topografik  yiiksekliklerinde
yiizeyleyen eski ve yeni aliivyonla ortiilii olan
taragadr. Ikincisi ise taraca olusumu ise Cakit gay1,
Korkiin ve Eglence suyu ile Seyhan Nehri yatagina
yaklagik olarak paralel uzanan farkli genislik ve
uzunlukta olanmidir. Tabanda c¢akiltasi, c¢akilli
kumtas1 ile baslayip gri renkli, capraz
katmanlanmali ¢cakilli kaba kumtasi ile devam eden
birimin st kesiminde bloklu c¢akiltagi yer
almaktadir [10,11].

Kalici; taraga malzemesi igerisinde yeralti sularinin
yilizeye dogru yiikselirken buharlasarak igindeki
karbonatin  ¢okelmesi ile kalici meydana
gelmektedir. Tepe iizerlerinde ve yamaglara uygun
olarak olusan kaligilerin kalinlig1 3-5 m arasinda
degismektedir.
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Aliivyon; Adana Havzasi’'nda, Adana Ovasi’ni
olusturan eski ve yeni allivyonlar olmak iizere iki
tirdtir. Eski aliivyonlar1 delta olusumlar1 olarak
kabul edilmektedir. Genellikle Seyhan ve Ceyhan
nehrinin denize dokiildiigii yerlerde ¢okelmislerdir.
Giiniimiizde tizerlerine tarim yapilan organik toprak
ortisiinlin - bulundugu bu birim Cukurova’yi
meydana getirmistir. Geng aliivyonlar ise akarsu
dere boylarinca gelismis olup genelde koti
boylanmig, tutturulmamis c¢akil, kum ve mil
malzemesinden olusmaktadir. Genel olarak geng

aliivyonlar ofiyolit, farkli kiregtag1 tiirleri,
radyolarit, ¢ort, kuvarsit vb.’den asinarak
olugmuslardir [13,14].
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Sekil 2. Calisma alanina ait jeoloji haritasi
([12)°den degistirilmistir) ve Ornekleme
noktalar1

2. MATERYAL VE METOT

Bu c¢alisma
kaynagindan

kapsaminda, Seyhan Nehri’nin
baslayarak Tuz go6li lagiinii
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bolgesinden Akdeniz’e bosaldigi agiz kismina
kadar 2023 yili Mart ay1 igerisinde Seyhan
Nehri’nin yatagi boyunca, bdlgenin litolojisi, nehrin
debisi, yan kol baglanti noktalari, yerlesim
yerlerinin yogunlugu, tarim arazileri ve tesislerinin
yogunluguna gore belirlenen 28 farkli noktadan
ornekleme yapilmigtir. Sularin fiziksel 6zellikleri
Hanna HI 8334 marka pH metre, sicaklik 6lger ve
Antech PC Tester 35 Eutech marka EC/TDS 6lger
yardimiyla yerinde belirlenmistir (Sekil 3). Su
orneklerinin hidrojeokimyasal ozelliklerini
belirlemek amaciyla laboratuvar analizleri igin,
250 mL’lik yiiksek yogunluklu polietilen 6zellikli
(HDPE) plastik siseler kullanilarak her noktalardan
2 adet su 6rnegi almmugtir. Ornek kaplari, alinan
suyun Ozeliklerini tam olarak yansitmasi i¢in ayni
akarsu ile ii¢ kez yikanmis ve akarsu igerisinde
olabildigince en derine aldirilarak hava boslugu
kalmayacak sekilde doldurulmustur.

Yapilan analizler sonucunda elde edilen verilerin
giivenilirligini ve dogrulugunu tespit etmek
amaciyla iyon denge hesaplamalar1 yapilarak
(anyon-katyon yiik dengesi) analiz hata ylizdesi
hesaplanmustir [13]. Analiz sonuglari, Diinya Saglik
Orgiiti  [1] ve Su Kirliligi  Kontrolii
Yonetmeligi'nde [14] belirtilen igme-kullanma
suyu standartlarina gore degerlendirilmistir.

Piper diyagrami [15] kullanilarak nehir suyunun
hidrokimyasal  fasiyesi  belirlenmistir. ABD
Tuzluluk Laboratuvari [16] ve Wilcox diyagramlari
[17] kullanilarak sularin tarimsal sulama amacglt
kullanilabilirlikleri agisindan degerlendirilmistir

[z element konsantrasyonlarinin belirlenmesi
amaciyla kullanilacak orneklerin kaplarina pH<2
olacak sekilde % 65’lik HNOs ilave edilmistir.
Soguk zincir ile laboratuvara tasinan orneklerin
major anyon/katyon analizleri iyon kromatografisi
ve spektrofotometre ile, iz element analizleri ICP-
MS cihaz1 ile, bikarbonat/karbonat analizleri ise
titrasyon yontemleriyle Cukurova Universitesi,
Jeoloji Miihendisligi Laboratuvart ve Cukurova
Universitesi, Merkezi Arastirma laboratuvarlarinda
(CUMERLAB) yapilmustir.
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3. BULGULAR VE TARTISMA

Seyhan Nehri boyunca yapilan drnekleme ¢aligmasi
ile almman 28 su Orneginin fiziksel ve kimyasal
analizleri yapilarak sonuglar Cizelge 1, 2 ve 3’de
verilmistir. Yapilan analizlere ait iyon denge
yiizdeleri %5’in altinda ¢ikmigtir. Denge degisim
aralig1 -0.26 ile -0,3 arasinda degismektedir. Su
orneklerinin pH degerleri 7.74 ile 9.54 arasinda
degismektedir (Cizelge 1). Sahinci’nin [18] pH
smiflamasina standartlarina gore biitiin su drnekleri
bazik karakterdedir. Seyhan Nehri’nin aktig1 havza
boyunca 6zellikle kaynak kesimlerinde yiizeylenen
farkli donemlerde olusmus kiregtaslarinin varligi
(Sekil 2) nehir suyunun yiiksek pH degerlerine
sahip olmasini saglamistir. Seyhan Nehri’nin ve
kollarmin kaynagindan itibaren akis yolu boyunca 1
nolu 6rnek lokasyonundan 6 nolu istasyona kadar
Miyosen yasli karbonathi kayaglarin {izerinde
akmakta, ana nehire baglanan kollarin aktigi
litolojilere gore farklilik gostermemekte, pH
degerlerinde onemli degisim olmamaktadir.
Yerlesim yeri ve yakin gevresi igerisinde tarimsal,
antropojenik, endiistriyel vb. etkilere bagl olarak
artan pH degeri deniz suyu ve lagiin etkisi ile
maksimum pH degerine ulasarak denize
dokiilmektedir (Cizelge 1).

Nehir suyu oOrnekleri ile yapilan olgiimlerle Eh
degerleri -20 ile -112 mV arasinda degismekte
oldugu goriilmektedir. En diisik Eh degeri sehir
merkezinde bulunan 14 nolu noktada tespit
edilirken, en yiiksek Eh degeri ise dipsiz lagiin
olarak adlandirilan nehrin agiz kisminda bulunan 28
nolu noktada tespit edilmistir. Eh degerleri nehrin
kaynaktan agiz kismina dogru gittikge bir diizen
gostermemekte, yerlesim yerleri, tarim arazileri gibi
desarjlara bagli olarak farklilik gostermektedir
(Cizelge 1). Nehir boyunca toplam ¢6ziilmiis madde
miktar1 (TDS) genel olarak artis gostermekte, fakat
baraj rezervuar alanlarinda ¢okelmeye bagli olarak
azaldig1 goriilmektedir (Cizelge 1). Nehir sularmin
elektriksel iletkenlik degerleri 413 ile 3490 puS/cm
arasinda degismektedir. En diisiik EC degerine
12 nolu 6l¢iim noktada iken en yiiksek EC degeri
ise 26 nolu 6l¢iim noktasindadir (Cizelge 1). Genel
olarak elektriksel iletkenlik degerleri nehrin kaynak
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kismindan bosalim kismina gidildikge artig
gostermektedir. Endiistriyel tiretim, evsel atiklar ve
tarimsal iretime bagl faaliyetler sonucu olusan
atiklarin nehre karismasi sonucu, akarsudaki iyon
yikii degisme ugramakta bu nedenle elektriksel
iletkenlik degerlerinde degisim meydana gelmekte
ve ¢ogunlukla artig gézlenmektedir.

Nehir suyu 6rneklerinin kalsiyum (Ca*?) degerleri
36.96 ile 100.17 mg/L arasinda degiskenlik
gostermektedir. Genel olarak yiiksek olan kalsiyum
degerleri nehrin kaynak kisminda, nehir {izerinde
inga edilen baraj c¢ikislarinda ve agiz kisminda
yiiksek konsantrasyonlara ulagirken sehir merkezi
ve tarimsal tretimin yogun olarak yapildigi ova
icerisinde nispeten daha diisiik konsantrasyonlara
sahiptir (Cizelge 2). Kalsiyumun akarsulardaki
konsantrasyonlart ~ genel  olarak  akarsuyun
izerinden aktig1 kayaglarin mineralojik/ kimyasal
bilesimine ve bdlgenin aktif fay sistemine bagli
olarak gelisen jeotermal sularla etkilesime girerek
degismektedir. Seyhan nehrinin  havzasinin
icerisinde Ozellikle nehrin kaynak kismi olan
kuzey/kuzeybati kisminda ¢okelmis olan Miyosen,
Jura-Kretase ve Permiyen, Permokarbonifer yasl
karbonat kokenli kayaclart gozlenmektedir [15]
(Sekil 2). Nehir suyunun karbonat kdkenli bu
litolojik birimler ile etkilesme girmesi nehir
suyunun Ca'? agisindan zenginlesmesine neden
olmustur. Adana Havzas1 ve nehrin kaynak kesimin
kuzeybatisinda magnezyum (Mg*?) igerigi yiiksek
olan ofiyolitik kayaglar yayilim gostermektedir

[15]. Bu litolojilerle etkilesimde olan nehir
kollarma ragmen magnezyum (Mg*?)
konsantrasyonlart ~ sehir merkezi ve tarim

arazilerinde daha yiiksektir (Sekil 6b). Havza
genelinde 47,38 ile 82,25mg/L arasinda degisen
magnezyum (Mg*?) degerlerinin sehir merkezinde
yiiksek konsantrasyonlara ulagmasinin en 6nemli
nedeni evsel ve endiistriyel atiklarin nehir suyuna
kontrolsiiz desarji iken ova ig¢i diizliklerde ise
tarimsal amacli kullanilan kimyasallardir.

Nehir suyu 6rneklerinin Sodyum (Na*) klor (CI")

degerleri genel olarak nehir agiz kismima yakin,
nehrin menderesler ¢izdigi ve zamanla nehirden
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ayrilarak olusturdugu kulak yapilarinda en yiliksek
konsantrasyona ulagsmaktadir. Klor (CI') iyonlarinin
degerleri nehrin kaynak kismina yakin bolgelerde
litolojik etkilesimden dolay1 artis gosterirken
sehirlesmenin yogun oldugu alanlarda ise temizlik
driinlerinde bulunan kimyasallara bagh artis
gostermektedir (Sekil 6¢ ve Sekil 7a). Sodyum ve
klor iyonlarinin degerlerinin, Seyhan Nehri’nin
denize ulastigi veya yakin bolgelerinde artig

Veli KESKIN, Sedat TURKMEN

gostermesi deniz suyu girisiminin yan sira,
sodyumca zengin magmatik kayaclar, evaporitler,
tarimda kullanilan giibreler, evsel ve endiistriyel
atiklardan  kaynaklanmaktadir  [13].  Ayrica
Akdeniz’den gaz fazi igerisinde kati1 partikiil
seklinde bulunan tuzun riizgérlarla taginmasi ve
zamanla yogunlasarak nehir ortamima karigmasi
sodyum (Na’) klor (CI) konsantrasyonunu
artirmaktadir.

Cizelge 1. Akarsu orneklerinde yerinde dlciilen fiziksel parametre degerleri

Omek No pH ('F) Eh (mV) TDS (mg/L) Elekm(l;sg/lclllj)tke“hk

1 8,35 -0,53 334.75 515
2 8,8 -0,72 334.75 515
3 8,2 -0,52 332.8 512
4 8,75 -0,72 332.15 511
5 8,25 -0,58 282.1 434
6 8,41 -0,62 291.2 448
7 8,63 -0,71 276.9 426
8 8,7 -0,72 585.13 900.2
9 8,6 -0,69 278.2 428
10 8,65 -0,69 2704 416
11 8,75 -0,7 276.9 426
12 8,9 -0,74 268.45 413
13 8,06 -0,83 3354 516
14 8,55 -0,2 274.3 422
15 8,85 -0,69 275.6 424
16 8,33 -0,79 269.1 414
17 8,16 -0,56 295.1 454
18 7,81 -0,45 4654 716
19 7,83 -0,29 399.75 615
20 7,86 -0,34 37245 573
21 8,05 -0,32 33345 513
22 7,94 -0,45 3393 522
23 7,74 -0,37 264.55 407
24 7,83 -0,34 737.75 1135
25 9,4 -0,35 2242.5 3450
26 8 -0,85 2268.5 3490
27 8,6 -112 1055.6 1624
28 9,54 -107 1139.45 1753

WHO (%011) 6.5-8.5 * * *

Sinir degerler

SKKY (2011) 6.5-8.5%* % " 250-750%**

Sinir deger 6.5-9.0%***% 750-2000%***

* Sinir deger belirtilmemistir. ** 1. Siuf (Cok Iyi) sular; *** 2, Smf (Iyi) sular; **** 3, Siuf (Kullanilabilir) sular; ***** 4, Sinif

(ihtiyath kullanilmali) sular.

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023
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Nehir suyunun 10,62 ile 23 mg/L arasinda
degiskenlik gosterdigi potasyum degerleri, tarimsal
faaliyetlerin yogun olarak yapildigi nehir suyunun
kaynak kismina gore daha yavas aktigi alanlarda
daha  yiksektir. Bu  alanlarda  yiiksek
konsantrasyonlarda potasyum gozlenmesi tarimsal
iiretimde kullanilan giibrelerin, yagmur sulari ile
yikanarak nehre karigmasi, ilaglamada kullanilan
sularin nehirden almirken siiziilerek nehre sizmasi
veya bilingsizce yapilan desarjlardan
kaynaklanabilmektedir [13].

Seyhan Nehri’nin bikarbonat degerleri, 257,10 ile
514 mg/L arasinda degisirken, karbonat degerleri
ise 0 ile 230 mg/L arasinda degismektedir.
Havzanin kuzey ve kuzeydogu kisminda yaygin
olarak gozlenen karbonatli kayagclar icerisinden akis
gosteren nehir suyu Orneklerinde bikarbonat
derisimleri yiiksek iken, havzanin kuzeybatisi ve
orta kesimlerinde yayilim gdsteren ofiyolitik
kayaclar ile etkilesime gecen nehir sularinda ise
bikarbonat derisimleri dusiiktiir. Genel olarak
karbonat derigimleri havza boyunca ¢ok diisiik
degerlerde olmasma ragmen Seyhan Nehri’nin
bosalim kesiminde, 26, 27 ve 28 nolu su
orneklerinde yiiksek derisimlere ulasmaktadir
(Cizelge 2). Seyhan Nehri havzasi boyunca siilfat
ve nitrat derigimleri artiy gostermekte oOzellikle
tarim arazileri ve yerlesim yerleri igerisinde
bulunan veya yakin cevresinde yapilan
orneklemelerde yiiksek konsantrasyonlarda siilfat
ve nitrat belirlenmistir (Cizelge 2). Analiz sonuglari
Diinya Saghk Orgiiti’niin [1] i¢gme suyu
standartlarina gore degerlendirildiginde; nitratin bir
¢ok oOrnekte sinir degerleri astigi goriilmektedir.
Nitrit ise 3,10, 12,14, 15, 16, 17 ve 22 nolu
orneklerde smir degeri asmustir (sinir deger 0-0.2
mg/L, WHO (162011)). Tespit edilen en yliksek
nitrit konsantrasyonu 14 nolu su 6rneginde 14,89
mg/L’dir. Bu parametreler diginda kalan iyon
degerleri ise Diinya Saglik Orgiitii [1] tarafindan
belirlenen igme suyu standart degerlerinin altinda
oldugu gorilmistir. Su Kirliligi  Kontrolii
Yonetmeligi Teknik Usuller Tebligi’nde [18]
belirtilen sulama suyu siniflandirmalarina gore; tiim
orneklerin pH, klor ve siilfat bakimindan 1. Sinif
sular (Cok iyi) oldugu goriilmektedir. Elektriksel
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iletkenlik bakimindan ise tim o6rneklerin II. Sinif
(lyi) sular olduklar1  goriilmektedir. Nitrat
bakimindan ise tiim Orneklerin III.  Simif
(Kullanilabilir) sular1 temsil etti§i gorilmiistiir.
Diger parametreler agisindan biitiin  6rnekler
SKKY’ya [17] gore kullanilabilir niteliktedir.

3.1. Nehir Suyu iz Element Konsantrayonlari ve
Koken iliskisi

Seyhan nehri boyunca aliman 28 su Ornegi ile
yapilan As, Cd, Cu, Fe, Mn, Ni, Pb ve Zn analiz
sonuglar1 Cizelge 3’de, dagilim haritas1 Sekil 3’de
gosterilmistir. Genel olarak dogal su kaynaklarinda
iz element igeriklerini etkileyen en 6nemli fiziksel
parametre pH olup asidik sularda iz element
icerikleri daha yiliksek olmaktadir. Seyhan
Nehri’nin pH degerleri 7.81 ile 9.54 arasinda
degismektedir. Bu pH degerlerine gore nehrin suyu
bazik karakterlidir. Seyhan Nehri’nin iz element
derisimleri genel olarak diisiiktiir. Nehrin kaynak
kismindan bosalim kismina dogru gidildik¢e iz
element derisimleri litolojik farkliliklar, yerlesim
yerlerindeki atiklar, tarimsal {retim atiklari,
endiistriyel atiklar vb. sebeplerden dolay1 artis
gostermektedir (Cizelge 3). Fe, Mn ve Ni
elementlerinin analiz sonuglart incelendiginde
Seyhan Nehri’nin yerlesim yeri iginde kalan
boliimleri ve denize bosaldigi boliimlerde bu iz
elementlerin artig gosterdigi goriilmektedir. Yiiksek
Fe, Mn, Ni ve Cd igeriklerinin bolgedeki yogun
trafik ve endiistriyel faaliyetlerden kaynaklandigi
disiiniilmektedir. Yiiksek Zn degerlerinin ise
tarimda kullanilan verim artiric1 kimyasal giibreler
ile endiistriyel faaliyetlerden kaynaklandigi
disiiniilmektedir. Kursun elementinin degerleri
incelendiginde, kursun derisimlerinin yerlesim
yerleri ve wulasim hatlarina yakin bolgelere
yogunlastig1 goriilmektedir. Kursun degerlerindeki
bu artisin motorlu arag¢ yakitlarindan ileri geldigi
diistiniilmektedir. Seyhan Nehri havzasinda yapilan
bu ¢aligmada genel olarak, havza boyunca; As, Cd,
Cu, Fe, Mn, Ni, Pb ve Zn iz element
derisimlerindeki artiglar bu bdlgedeki tarimsal
iretim, endiistriyel aktiviteler motorlu tasitlar ve
yerlesim yerlerinin yogunluguna bagli meydana
gelen antropojenik atiklarla agiklanabilir.

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023



Veli KESKIN, Sedat TURKMEN

Cizelge 2. Akarsu drneklerine ait major katyon ve major anyon analiz sonuglari (tiim degerler mg/L)

OrnekNo | Ca® Mg* Na* K cl HCO;2 | CO32| SO, 2 NO;~ NO, F
1 5877 | 2053 | 2666 | 325 | 3235 | 28532 0 4.00 50.67 0.00 2.68
2 60.65 | 2076 | 24.75 | 242 | 17.97 | 33235 0 5.00 83.77 0.00 2.73
3 57.14 | 18.12 | 2627 | 413 | 1078 | 363.71 48 7.00 76.53 0.29 5.39
4 54.11 1739 | 2480 | 3.07 | 2516 | 294.73 36 7.00 104.57 0.00 2.81
5 4037 | 1824 | 1555 | 226 | 2696 | 269.64 12 4.00 52.40 0.14 1.21
6 46.10 | 1842 | 1936 | 3.1 17.97 | 275.92 0 3.00 56.82 0.00 1.94
7 3974 | 18.74 | 14.86 | 2.13 | 1438 | 257.10 0 7.00 35.66 0.16 2.11
8 100.17 | 41.05 | 3153 | 339 | 1438 | 51421 72 85.00 14.50 0.00 0.99
9 4137 | 2069 | 19.61 | 3.71 14.38 | 257.10 0 2.00 96.43 0.00 9.34
10 50.78 | 24.93 | 20.13 | 290 | 1438 | 27592 12 45.00 34.34 0.24 2.49
11 43.05 | 2094 | 17.93 | 2.73 | 21.57 | 244.56 24 28.00 55.76 0.43 1.38
12 4554 | 23.18 | 2006 | 276 | 2696 | 257.10 24 86.00 33.31 0.29 1.35
13 4316 | 2120 | 2871 | 5.06 | 17.97 | 27592 24 17.00 144.00 0.00 472
14 4391 | 2283 | 2533 | 476 | 2157 | 263.37 24 5.00 11.94 14.89 3.59
15 4029 | 2025 | 21.19 | 3.56 | 30.55 | 244.56 0 14.00 124.54 2.98 2.08
16 4469 | 2193 | 2085 | 297 | 1438 | 263.37 0 60.00 4471 0.81 3.59
17 3696 | 18.63 | 2151 | 3.44 | 37.74 | 269.64 0 107.00 11.55 3.88 1.02
18 4337 | 2228 | 59.15 | 2150 | 2337 | 432.69 0 89.00 11.27 0.00 0.81
19 49.10 | 2292 | 47.97 | 14.82 | 12.58 | 344.89 0 79.00 10.98 0.00 0.80

20 4236 | 21.05 | 40.66 | 10.62 | 25.16 | 313.54 0 3,5 10.70 0.00 11.00
21 4136 | 2142 | 3283 | 671 | 2876 | 33235 0 35.00 10.41 0.00 10.27
22 4319 | 2730 | 4197 | 945 | 71.89 | 257.10 0 81.00 66.86 0.73 1.87
23 4394 | 2226 | 1972 | 266 | 2157 | 250.83 0 78.00 38.12 0.00 2.32
24 4885 | 3036 | 91.11 | 23.00 | 5032 | 44523 60 | 210.00 10.97 0.00 1.03
25 4557 | 8225 | 198.00 | 17.11 | 57.51 | 43896 | 120 | 200.00 16.17 0.00 17.05
26 46.38 | 82.05 | 187.50 | 17.40 | 7.19 | 457.77 | 120 | 250.00 31.63 0.00 12.51
27 4244 | 4655 | 218.80 | 15.16 | 28.76 | 351.16 | 236 | 317,94 66.35 0.00 6.11
28 65.88 | 4738 | 21220 | 9.68 240 | 42014 | 230 | 397,89 148.36 0.00 3.30
(1"6‘72%?1) * * * 0-200 0-250 * 0-500 0-50 0-0,2 0-1,5
?21%1141117;)( * x x * x looazex | x| oo190%k 13:;8::* * 0-1

* Sinir deger belirtilmemistir. ** 1. Siuf (Cok Iyi) sular; *** 2. Siif (Iyi) sular; **** 3. Sinif (Kullanilabilir) sular.

Ozellikle, Seyhan Nehri’nin tasimis oldugu
aliivyonlarla besledigi havza agzindaki verimli
diizliiklerde yapilan tarimsal iiretim ve buna bagh
kurulan, tarimsal tesisiler, giibre fabrikalari ve ana
ulagim arterlerinden kaynaklanan arag trafigi bolge
sularinin kimyasin1 ve kalitesini etkilemektedir.
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[z element analiz sonuglari Diinya Saghk
Orgiitii’niin [1] icme suyu standartlarina gére
degerlendirildiginde; kursunun 6, 10, 13, 15, 17, 18,
20 ve 21 nolu orneklerde, arsenigin 25, 26 nolu
orneklerde, kadmiyumun 20 ve 21 nolu 6rneklerde
siir degerleri astig1 goriilmektedir. Analiz yapilan
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diger iz elementlerin degerleri ise Diinya Saglik
Orgiitii [1] tarafindan belirlenen icme suyu standart
degerlerinin altinda oldugu belirlenmistir. Su
Kirliligi Kontrolii Yo6netmeligi Teknik Usuller
Tebligi’'nde  [14]  belirtilen sulama  suyu
siniflandirmalarina gore; kursunun 10 nolu 6rnekte,
arsenigin 25 ve 26 nolu &rneklerde sinir degerleri
astigt goriilmektedir. Analiz yapilan diger iz
elementlerin degerleri ise belirtilen sulama suyu
siniflandirmalarina [18] gore uygun 6zelliktedir.

3.2. Sularin Hidrokimyasal Simiflandirilmasi

Seyhan Nehri’nin akis gilizergah1 boyunca 28
noktadan alinan su 6rnekleri Piper diyagramina [15]
yerlestirildiginde;  Orneklerin  tamami  katyon

licgeninin A bdlgesindeki kalsiyum kdgesine yakin
kesimlerde yer almakta ve “Kalsiyum tipi sular1”
temsil ettigi goriilmektedir. Anyon iicgeninde ise E
bolgesinde yer aldigi ve “Bikarbonat+Karbonat tipi
sular1” temsil ettigi goriilmektedir. Eskenar dortgen
iizerinde ise 1. bolgedeki Alkali toprak elementler
(CatMg) > Alkali elementler (Na+K), “Kalsiyum-
Magnezyum-Bikarbonat tipi sular’” temsil ettigi
goriilmektedir (Sekil 4).

ABD Tuzluluk Laboratuvari diyagramina [16] gore
(Sekil 10), 19, 20, 25, 26 ve 28 nolu 6rnekler C3-S1
smifinda (yiiksek derecede tuzlu sular), diger
orneklerin tamamu ise C2-S1, orta derecede tuzlu
sular sinifindadir (Sekil 5).

Cizelge 3. Akarsu orneklerine ait iz element analiz sonuglar1 (tiim degerler ppb cinsindendir)

Ornek No As Cd Cu Fe Mn Ni Pb Zn
1 0.76 0.36 10 29 5 2 6.48 413

2 0.66 0.38 3 03 s 3 3.06 50
3 1.26 0.34 7 23 3 2 581 1059

4 119 037 7 36 4 2 438 109

5 114 0.32 9 21 4 2 5.62 102

6 120 138 9 2% 3 3 2187 747

7 1.47 0.89 6 49 5 2 8.30 212

g 2.65 0.43 5 57 2 8 6.52 603

9 157 035 4 41 4 1 542 107

10 161 182 6 114 5 2 89.18 411

I 173 0.60 6 34 4 2 7.08 246

2 1.97 0.75 5 80 9 2 6.92 451
13 1.94 1.30 5 59 2 I 1561 1210

14 1.99 1.07 4 59 7 2 831 62

5 228 155 4 153 25 2 10.01 248

16 1.08 0.40 3 70 18 1 733 75

17 128 1.98 26 71 20 3 2438 2671

13 422 2.49 13 483 37 6 25.61 149

19 2.00 041 3 97 35 3 3.06 197

20 271 4.60 5 T64 41 3 36.70 175
21 214 4.98 10 99 3 2 44.80 6018

2 3.5 0.93 7 171 76 24 6.70 93

23 133 0.53 8 26 4 2 3.26 66

2% 339 0.90 2 357 106 50 525 757

25 13.45 0.47 4 169 99 4 3.02 53

2 13.52 0.87 4 206 109 1 465 73

27 747 0.86 4 265 77 51 19.08 744

23 8.60 116 5 407 221 4 8.07 98

WHO (2011) | 10.00 3 200 300 500 70 10 *
SKKY(2011) |4 59 10 2000 5000 3000 200 50 2000

standartlari

* Sinir deger belirtilmemistir.
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Sekil 3. Akis yolu boyunca akarsu iz element derisimlerinin degisimi
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Yiiksek derecede tuzlu sular sinifinda ¢ikan sularin
tuzluluk nedenleri 6rneklemenin yapildig1 bolgenin
Akdeniz’e yakin olmasi, deniz suyu girisimi ve
hava yolu ile sodyum iyonlarinin taginmasi oldugu
diistiniilmektedir (Cizelge 2). Diyagram verilerine
gore nehrin orta ve ist kisimlarindaki sular, orta
derecede tuza ihtiyact olan bitkilerde sulama suyu
olarak kullanilabilir &zelliktedir. Nehir suyu
yiizdesel sodyum degerleri acisindan
incelendiginde; 25, 26, 27 ve 28 nolu 6rnekler “iyi”,
geri kalan orneklerin tamami ise “gok iyi” sular
niteligindedir [17].
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Sekil 4. Akarsu orneklerinin Piper diyagramindaki

dagilimu
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Elektrik lletkenlidi ( uSiem)

Sekil 5. Akarsu Orneklerinin  ABD  Tuzluluk
diyagramindaki konumlari
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Nehir suyu Orneklerin tamamina yakininda
sodyumun diisiik olmasi sularin sodyuma karsi
hassas  bitkiler haricinde, diger tarimsal
faaliyetlerde kullanilabilir  6zellikte olmasini
saglamistir (Sekil 6).
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Sekil 6. Akarsu orneklerinin Wilcox

diyagramindaki konumlar1

4. SONUCLAR

Bu ¢alisma kapsaminda; kaynagini Adana ilinin
kuzeyinden alip Tuz golii lagiinii bolgesinden
Akdeniz’e bosalan Seyhan Nehri’nin 28 farkli
noktasinda sularin fiziksel Ozellikleri yerinde
Olciilerek, major anyon-katyon ve iz element
analizleri yapilmuistir. Olgiim ve analiz sonuglart
cesitli diyagramlara yerlestirilmis ve dagilim
haritalar1 olusturulmustur.

Yapilan pH siniflamasina gére; nehir suyunun bazik
karakterde oldugu, bu &zelligini havzada mevcut
jeolojik birimlerden (kiregtagi/dolomitik kiregtast
ve ofiyolitik kayaglar) kazandigi seklinde
yorumlanmustir. Nehir sularmin  hidrokimyasal
fasiyes tipinin de nehrin aktig1 havzanin jeolojisinin
etkisiyle Ca-HCOj; oldugu belirlenmistir. Major
element olarak kalsiyum elementinin en 6nemli
kaynaglr akarsu havzasinin kaynak kesiminde
konumlanmis, genis alanlar kaplayan karbonat
kayaclar1 oldugu belirlenmistir.

Analiz sonuglar1 Diinya Saglik Orgiitii’niin igme
suyu standartlarina gore degerlendirildiginde;
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nitratin birgok Ornekte smir degerleri astig1
goriilmektedir. Nitrit ise 3,10,12 14, 15, 16, 17 ve
22 nolu orneklerde sinir degerleri agmustir. Su
Kirliligi Kontrolii Yo6netmeligi Teknik Usuller
Tebligi’'nde belirtilen sulama suyu
siiflandirmalarina gore; tim 6rneklerin pH, klor ve
stilfat bakimindan 1. Smif sular (Cok iyi) oldugu
belirlenmistir. Elektriksel iletkenlik bakimindan ise
tiim &rnekler I1. Smif (Iyi) olduklari goriilmektedir.
Nitrat bakimindan ise tim orneklerin III. Simf
(Kullanilabilir) sular1 temsil ettigi goriilmiistiir.

Piper diyagramina goére Orneklerin tamaminda
hakim katyonun kalsiyum “Kalsiyum tipi sular”
oldugu, hakim anyonun ise bikarbonat (HCOs3)
“Bikarbonat+Karbonat tipi sular’” oldugu, genel
olarak ise nehir suyunun “Kalsiyum - Bikarbonat
tipi sular1” temsil ettigi belirlenmistir.

Nehir Suyu orneklerinin - ABD  Tuzluluk
Laboratuvari diyagramina goére 19, 20, 25, 26 ve 28
nolu érneklerin C3-S1 smifinda oldugu ve yiiksek
derecede tuzlu sular siifinda iken diger 6rneklerin
tamami C2-S1 sinifinda oldugu ve tuzluluk
acisindan orta derecede tuzlu sular sinifinda oldugu
belirlenmistir. Wilcox diyagramlarina gore 25, 26,
27 ve 28 nolu drnekler “iyi” kullanilabilir nitelikte,
geri kalan oOrneklerin tamami ise ‘“cok iyi”
kullanilabilir nitelikte oldugu ve sularin sodyuma
kargi hassas bitkiler haricinde, diger tarimsal
faaliyetlerde  kullanilabilir ~ &zellikte  oldu
belirlenmistir.

Fe, Mn, Ni ve Cd elementlerinin derisimleri nehrin
yerlesim yerleri iginde gecen boliimlerinde ve
bosalim bolgesinde yiiksek olup bu yiiksek
derisimlerin  yogun trafik ve  endiistriyel
faaliyetlerden kaynaklandigi diistinilmektedir.
Yiiksek Zn degerlerinin ise tarimda kullanilan
verim artirict kimyasal giibreler ile endiistriyel
faaliyetlerden kaynaklandigi diisiiniilmektedir. Pb
derisimi  incelendiginde kursun degerlerinin
yerlesim yerleri ve ulagim hatlarina yakin bolgelere
yogunlastigi goriilmektedir. Kursun degerlerindeki
bu artisin motorlu ara¢ yakitlarindan ileri geldigi
diigiiniilmektedir.

analiz
igme

Iz element
Orgiitii’niin

sonuglar1  Diinya
suyu standartlarina

Saglik
gore
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degerlendirildiginde; kursunun Diinya Saglik
Orgiitiiniin sinir degeri olan 0.01 mg/L 6, 10, 13, 15,
17, 18, 20, 21ve ve 27 nolu orneklerde, arsenigin
0.01 mg/L olan smir degeri 25 ve 26 nolu
orneklerde, kadmiyumun 0.003 mg/L olan smir
degeri 20 ve 21 nolu oOrneklerde asildig
goriilmektedir. Analiz yapilan diger iz elementlerin
degerleri ise Diinya Saglik Orgiitii tarafindan
belirlenen igme suyu standart degerlerinin altinda
oldugu belirlenmistir.

Su Kirliligi Kontrolii Yonetmeligi Teknik Usuller
Tebligi’'nde belirtilen sulama suyu
smiflandirmalarina goére; kursunun 0.05 mg/L sinir
degeri 10 nolu drnekte, arsenigin 0.01 mg/L olan
smir degeri 25 ve 26 nolu Orneklerde astigi
goriilmektedir.

Seyhan Nehri havzasinda yapilan bu calismada
genel olarak, havza boyunca; As, Cd, Cu, Fe, Mn,
Ni, Pb ve Zn iz elementleri derisimlerindeki artislar
bu bdlgedeki tarimsal {iretim, endiistriyel aktiviteler
motorlu tasitlar ve yerlesim yerlerinin yogunluguna
bagli meydana gelen antropojenik atiklardan
kaynaklandig1 diisiiniilmektedir. Ozellikle, Seyhan
Nehri’nin tagimis oldugu aliivyonlarla besledigi
havza agzindaki verimli diizliklerde yapilan
tarimsal {iretim ve buna bagl kurulan tarimsal
tesisler ve ana ulasim arterlerinden kaynaklanan
arag trafigi bolge sularmin kimyasmi ve kalitesini
etkilemekte iz element konsantrasyonlarinin
yiikselmesine neden olmaktadir.
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Oz

Tencel kumaslar genellikle dis giyimde, ev tekstili ve dekorasyon iirtinlerinde kullanilmakta, ¢evre dostu
bir lif olmasi nedeniyle son yillarda 6nemi gittikge artmaktadir. Literatiirde farkli boyama yontemleri ile
boyanan tencel kumaslarda yapilan arastirmalar incelendiginde farkli performans gosterdigi tespit
edilmistir. Bu ¢aligmada, %100 Tencel™ Lyocell hammaddesinden {iiretilen kumas, isletme sartlarinda
dokunmus ve jet boyama, e-kontrol boyama ve 6n terbiye sonrasi pad kesikli boyama olmak iizere 3 farkli
yontemle boyanmustir. Islem sonrasinda boyali kumaslarin tusesi Airo 24 makinesinde iyilestirilmistir.
Boyama sonrasi kumaglarda boncuklanma, yikamadan sonrast boyut degisimi, pH tayini, yikama hasligi,
kopma ve yirtilma mukavemeti, kumas sertligi gibi testler standartlara uygun olarak uygulanarak
spektrofotometre ile renk degerlendirmesi yapilmistir. Bu calisma ile e-contol boyamanin kumas
performansi agisindan uygulanmasinin daha dogru oldugu sonucuna ulasilmistir.

Anahtar Kelimeler: Tencel kumas, Siirdiiriilebilir lif, Boncuklanma, Haslik

Different Dyeing Methods Applied to Tencel Fabric Evaluation of the Effect on
Selected Fabric Performance Characteristics

Abstract

Tencel fabrics are generally used in outerwear, home textiles and decoration products, and their importance
has been increasing in recent years due to being an environmentally friendly fiber. When the studies
conducted in the literature on tencel fabrics dyed with different dyeing methods were examined, it was
determined that they showed different performances. In this study, the fabric produced from 100% Tencel™
Lyocell raw material was woven under operating conditions and dyed with 3 different methods: jet dyeing,
e-control dyeing and pad batch dyeing after pre-treatment. After the process, the touch of the dyed fabrics

*Sorumlu yazar (Corresponding author): R.Tugrul OGULATA, ogulata@gmail.com
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was improved on the Airo 24 machine. Tests such as pilling on fabrics after dyeing, size change after
washing, pH determination, washing fastness, tensile and tear strength, fabric hardness were applied in
accordance with standards and color evaluation was made with a spectrophotometer. With this study, it was
concluded that the application of e-contol dyeing is more accurate in terms of fabric performance.

Keywords: Tencel fabric, Sustainable fibre, Pilling, Fastness

1. GIRIS

Tencel™ Lyocell son yillarda kullanim alan1 olarak
genis yelpazede yer alan rejenere seliilozik bir
elyaftir.  Tencel™  Lyocell lifi  degisik
Ozelliklerinden dolay1 giysi, ev tekstili, teknik
tekstiller gibi genis bir alanda rahatlikla
kullanilmakta olup %100’e varan geri doniisiim
orania sahip olmasi diger tekstil hammaddelerine
nazaran tercih edilebilmesini saglamaktadir. Bu
nedenle de ekolojik bir alternatif olugturmaktadir.
Tencel™ Lyocell’in hammaddesi seliiloz, biyolojik
olarak ¢oziilebilir, karbondioksitten notralize
olmus, neredeyse sinirsiz oranlarda temin edilebilir
bir maddedir. Bu madde muhtelif agaclardan
oldugu kadar bir yillik bitkilerden de elde
edilebilmektedir [1].

Rejenere seliilozik esasl bir elyaf tiirii olan tencel,
yogun mekanik iglemlere karsi yiiksek bir dayanima
sahiptir. Yiiksek yas dayanimi ve modiild,
kumaslarda boyutsal dengeyi saglamaktadir. Nefes
alabilir 6zellige sahiptir, nemi ¢ok iyi transfer eder
ve viicudun terlemesi durumunda rahatsizlik hissi
vermez. Bir¢ok yikamadan sonra bile parlakligini
ve rengini muhafaza eder dolayisiyla yiiksek renk
hasligina sahiptir. Tencel™ lyocell’in emicilik
Ozelligi de oldukca yiiksektir. Bu &zellikten
faydalanilarak yas terbiye islemleri boyunca lifin
miitkemmel bir sekilde sismesi saglanir. Boylece
mamul kumasta, yumusak ve esnek bir tuse elde
edilir. Tencel™ lyocell iplikten kumas
konstriiksiyonu gelistirilirken lif sigmesi ve modulii
g6z oniinde bulundurulmalidir. Yiiksek modul ve
saglamlik, kumas i¢cinde Tencel™ lyocell lifinin
kolayca deforme olmayacagi ve daha kolay bir
sekilde orijinal seklini ve konumunu yeniden
alacagi anlamma gelmektedir [2]. Sekil 1’de
Tencel™ lyocell lifi enine kesiti ve boyuna
goriintiisii yer almaktadir.
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Sekil 1. Tencel™ lyocell lifi enine kesiti ve boyuna
goriintiisii [1]

Tencel™ Lyocell liften iiriinler, giinliik giysilerden
resmi giysilere kadar genis bir kullanim alanina
sahiptir. Erkek, bayan ve ¢ocuk giysileri, havlu ve
bornozlar, g¢arsaflar, sportif giysiler, coraplar, i¢
¢amasirlar1 kullanim alanlarindan bazilaridir.

Tencel™ lyocell lifi, agacin odun hamurundan
¢ikarilan seliiloz hammaddesinin, tamamen geri
kazanilabilen NMMO (N-metil morfolin — N-oksit)
monohidrat ¢dzeltisinin bir ¢oziici madde olarak
kullanildigit  kuru ve 1slak egirme sistemi
kullanilarak iretilmektedir [3]. Tencel™ Lyocell
lifleri, diger rejenere seliiloz liflerine kiyasla daha
ekolojik bir tiretim yontemine sahiptir ve biyolojik
olarak tamamen parcalanabilmektedir. Sekil 2’de
tiretim dongiisi verilmektedir.

TENCEL™ Lyocell elyaf %99 Gzerinde

uretim sureci ¢ozucd geri
Su kazanimi
Agag === Hamur==—=3 ) TENCEL™
Lyocell
elyaf

Cozlcl

Sekil 2. Tencel kumagin elde edilis asamalar [4]
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Rejenere bir lif olan Tencel™ lyocell lifinin iiretimi
asagida  belirtildigi  {izere 4 asamada
gerceklesmektedir.

1. Aga¢ hamurundan seliiloz ¢ikarilarak odun
hamuru elde edilir.

2. Cozelti olusturulur,

3. Cozeltiden lif ¢gekimi saglanir,

4. Coziicliyli uzaklagtirmak igin lif yikanir ve
kurutulur.

|
iy | ;
s N 5
Sekil 3. Tencel™ lyocell liften kumasin elde edilis
asamalari [4]

Sekil 3’te aga¢ hamurundan elyaf-iplik ve kumas
elde edilme asamalarinin gorseli yer almaktadir.

Tencel™ lyocell hammaddeden lif, iplik ve
kumaslarin boyanmasi konusu 6zellikle son yillarda
cevre dostu liflere verilen 6nemin artmasi ile farkl
bir boyut kazanmistir. Bu kapsamda literatiire katk1
yapabilecek  c¢aligmalar son yillarda artig
gostermistir.

Onur, Tencel™ lyocell liften kumaslarin dikis
mukavemetini degerlendirdigi c¢alismasinda, atki,
¢ozgli ve verev dikislerde en uygun dikis
parametrelerinin belirlenmesi ve en uygun dikis
ipligi se¢ciminin yapilabilmesini hedeflemistir. Bu
amagcla farkli gramajlarda ve farkli doku tiirlerinde
4 farkli kumas ve 6 farkl dikis ipligi kullanilmistir.
Belirli uzunluklarda atki, ¢ozgii ve verev yonlerde
hazirlanan kumaslara 2 farkli dikis sikliginda dikis
denemeleri  yapilmistir.  Calisma  sonucunda
kullanilan kumaglar, mukavemet ve uzamada
belirgin bir farklilik gostermis, bez ayagi orgi
yapisinda en yiiksek dikis mukavemeti degerleri
elde  edilmigtir  [1]. Dikis  ipliklerinin
kalinlagmasiyla, atki, ¢6zgii ve verev yonlerde dikis
mukavemet degerlerinin artti§1, dikis ipliklerinin
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incelmesiyle dikis mukavemetinin azaldigi, verev
yonde en yiiksek mukavemet, ¢ozgli yoniinde en
diisik mukavemet, ayrica dikis sikligi artiminin
mukavemet ve uzamayi arttirdig1 tespit edilmistir.

[5].

Alp, Tencel™ lyocell liften kumaslarin farkli dikis
tiplerinde yikama Oncesi ve yikama sonrast dikis
biizgiilerinin olusumunu inceledigi bir ¢aligma
ylriitmiigtiir. Calismada Tencel™ lyocell denim
kumas 8 farkli 6zellikte ayn1 incelikte dikis ipligi ile
atki, ¢ozgii ve verev yonde dikilmis, lizerine ¢gima
ve gaze siisleme dikisleri 2 farkli dikis sikliginda
uygulanmistir. Denim kumaglarin dikis biizgiileri
gozlemlenmis, kot yikama yapilarak yikamadan
sonraki  dikis  biizgiileri  incelenmis  ve
kargilagtirilmigtir.  Tencel™  lyocell  denim
kumaglarin poliester (spun veya corespun) ipliklerle
dikilmesinin daha uygun oldugu, pamuk dikis
ipliginin uygun olmadig1 tespit edilmistir. Ayrica
denim kumaslarin dikiminde dikis sikligmnin 4
batig/cm ve daha az olmasmin uygun oldugu
sonucuna vartlmistir [6].

Bilir c¢alismasinda, %25 Tencel™ lyocell-%75
pamuk, %50 Tencel™ Lyocell -%50 pamuk, %75
Tencel™ Lyocell -%25 pamuk, %100 Tencel™
Lyocell, %100 pamuk iplikleri, atki ipligi olarak
kullanarak 5 farkli karisim oraninda dokuma
kumaslar elde etmistir. Calismada, kumas
kompozisyonundaki Tencel™ lyocell oraninin
ipliklerin ve kumaslarin 6zelliklerine etkilerinin
istatiksel olarak sonuglar1 degerlendirilmis ve
karigimdaki tencel orami artikga iplik kopma
mukavemeti degerinin azaldig1  goriilmiistiir.
Karisimdaki Tencel™ lyocell oraninin artmasinin
kumaslarm  yirtilma mukavemeti ve hava
gecirgenligi degerlerinin artmasina neden oldugu
goriilmiistiir [7].

Farkli oranlarda iiretilen Tencel™ lyocell pamuk
karigimi  ipliklerin  performans  6zelliklerinin
incelenmesi amaci ile %25-%75, %50-%50, %75-
%25 Tencel™ lyocell -pamuk, %100 Tencel™
lyocell ve % 100 penye pamuk olmak iizere ayni
biikiim ve dogrusal yogunluga sahip iplikler ayni
iiretim hattinda {iretilmislerdir. Uretilen ipliklerin
mukavemet Ozellikleri (kopma kuvveti, kopma
mukavemeti, kopma uzamasi, kopma isi),
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diizgiinsiizliik, tiyliliik, ince-kalin yer, biikiim
canlilign ve bobin sertligi degerleri standartlara
uygun bir sekilde olciilmiistiir. Caligma sonucunda
karigimdaki Tencel™ lyocell lif oraninin ipliklerin
mukavemet  Ozelliklerine ve  diizgiinsiizliik
Ozelliklerine etkisinin istatiksel olarak anlamh
oldugu ve karisimdaki Tencel™ lyocell orani
arttikga ipliklerin kopma yiikii, kopma uzamasi,
kopma mukavemeti, kopma isi degerlerinin artt1g;
% Um, % Cvm, ince-kalin yer sayisinin ve neps
degerlerinin ise azaldig1 goriilmiistiir [8].

Ozen ve Erdem Ismal’in calismasinda cevre dostu,
yapay ve seliiloz esasli rejenere bir lif olan Tencel™
Lyocell iizerine dogal boyama ve bitkileri sablon
gibi kullanarak baski uygulamalar1 yapilmistir.
Sogan kabugu, zerdegal, kok boya, nar kabugu,
endiistriyel bir yan {iriin olan prina gibi dogal boyar
madde kaynaklari, potasyum aliiminyum siilfat
(sap), demir II siilfat, bakir II siilfat, kalay kloriir
gibi mordan maddeleri ile birlikte kullanilmigtir.
Sistematik bir yaklasimla en iyi uygulama kosullar
ve sonuglar belirlendikten sonra bitkilerle birlikte
miimkiin olan en diisiik miktarlarda mordan
maddeleri kullanilarak canli, keskin kenarli ve
etkileyici gorsel efektler elde edilmistir. Birbirinden
tamamen farkli, 6zgiin ve tekrar edilemeyen bu
desenler giysi tasarimlari seklinde sunulmustur.
Tasarimlarda kullanilan giysi modellerinin bol ve
deseni  gosterecek sekilde olmasma dikkat
edilmistir. Giysilerde farkli model ve Olgiiler
kullanilmig, dogal boyama ve eko baski teknigi
uygulanarak renklendirmenin yami sira ¢esitli
bitkilerin izleri de net bir sekilde kumas yiizeyinde
elde edilerek desenlendirme yoluyla ozgiin
tasarimlar yapilmistir [9].

Ozen ve Erdem Ismal’in baska bir ¢alismasinda,
Tencel™ lyocell kumasin renklendirilmesi igin,
cesitli bitkiler ve bitkisel atiklardan elde edilen
dogal boyar maddeler ile birlikte diisiik miktarlarda
mordan maddeleri kullanilarak dogal boyama
uygulamalar1 yapilmis ve renklendirme ozellikleri
incelenmistir. Bademin dis yesil kabugu, pirina,
ceviz kabugu, sogan kabugu, nar kabugu, zerdegal,
kok boya, biberiye ve tar¢in gibi dogal boyar madde
kaynaklari, Oziitleme yOntemiyle, potasyum
aliminyum siilfat (sap), demir II siilfat, bakir II
silfat mordan maddelerini kullanarak  &n
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mordanlama yontemine gore dogal boyamada
kullanilmislardir. Miimkiin olan en az mordan ve
boyar madde miktarlart kullanilarak elde edilen
dogal boyamalarin renkleri incelenmis, gorsel
kiyaslamanin yani sira renk olglimleri ve yikama
haslig1 6zellikleri degerlendirilmistir. Numunelerin
yikama haslik degerleri 4-5 olarak belirlenmistir
[10].

Ozdemir ve Doba Kadem’in ¢alismasinda, pamuk
ve Tencel™ lyocell liflerinden {iretilen iplikler ile
yuvarlak 6rme makinesinde siiprem O6rme kumas
yiizeyleri olusturulmus ve elde edilen kumasglar
dijital baski  yontemiyle renklendirilmistir.
Tencel™ lyocell ve pamuklu kumaslarin, dijital
baski islemi Oncesinde ve sonrasinda kuruma
davranigiin nasil etkilendigini tespit edebilmek
icin kuruma davranis1 ve transfer kilcal 1slanma

kabiliyeti  deneysel olarak tespit edilerek
numunelerin su ile olan etkilesimi
degerlendirilmistir. Kurumanin zamana baglh

hizinin dolayisiyla kiitle degisiminin ve transfer
kilcal 1slanma kabiliyetinin literatiirde var olan
sonuglarla uyumlu oldugu goézlenmistir [11].

Bu calismada %100 Tencel™ lyocell dokuma
kumasa, On terbiye islemi yapilarak 3 farkli boyama
yontemi uygulanmistir. Boya sonrast kumasglara
boncuklama, yikamadan sonra boyut degisimi, pH
tayini, yikama hashigi, kopma ve yirtilma
mukavemeti, kumas sertligi gibi testler standartlara
gore uygulanmig, spektrofotometre ile renk
degerlendirmesi yapilmis ve elde edilen sonuglar
yorumlanmustir.

2. MATERYAL VE METOT

Calismada kullanilan %100 Tencel™ lyocell
hammaddeden  kumas, isletme  sartlarinda
dokunmus ve 6n terbiye sonrasi 3 farkli yontemle
boyanmig mamul hale getirilmistir. %100 Tencel™
lyocell dokuma kumasin ¢dzgii ve atki ipligi ayni
hammaddeden Ne 24/1 iplik numarasinda, ¢ozgii
siklig1 45 tel/cm, atki siklig1 26 tel/cm, orgiisii ise
2/1 S dimi olarak tiretilmistir. %100 Tencel kumas,
secilmig bir tekstil terbiye isletmesinde bir grup 6n
terbiye islem adimlarindan gegilerek boyali
kumaslarin  segilmis  performans  &zellikleri
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degerlendirilmistir.  Caligmada, jet boyama
isleminden gegen kumas A, e-control (pad dry
benzeri bir yontem olup soguk sekilde emdirme
uygulamasidir ve 1 saat gibi kisa bir siirede 25-30
bin metrenin boyanabilmesi saglanmaktadir)
boyamadan gecen kumas B, emdirme yontemi olan
pad batch boyamadan gecen kumas ise C kodu ile
ifade edilmistir.

Cizelge 1. Dokuma kumays {iretim sartlari

Toplam ¢ozgii tel sayisi 6602
Tarak no (dis\tel) 135\3
Tarak eni (cm) 163

- Ham 25
Atk sikligr (tel/cm) Mamul 26

Calismada kullanilan kumasin hasil yikama islemi
25 mw/dk 95°C sicaklikta yapilmig, ramdz
makinesinde 20 m/dk hizla 150°C’de kurutma
islemine tabi tutulmustur. Yakma islemi 80°C’de
cift yiiz olarak uygulanmistir [12]. S6z konusu
islemlerin devaminda;

Jet boyamada %100 Tencel™ lyocell kumas (A
kumagi) 8 saat halat halinde jet makinasinda reaktif
boyar madde ile boyanmistir [12]. Kumas, jet
boyama makinesinde 8 saat yardimci kimyasalla
islem goOrmils jetten c¢ikan kumasa 20 m/dk
150°C’de ramdz makinesinde kurutma yapilmustir.
Airo 24 isimli makinede apre islemi yapilmis,
kumasg tutumu iyilestirilmistir.

Jet boyamada boyarmadde, sodyum siilfat, soda,
iyon tutucu, kirik 6nleyici, stabilizator kullanilmis
ve notralize ile iglem tamamlanmistir.

E-control boyamada %100 Tencel™ lyocell kumas
(B kumast), soguk sekilde emdirme yontemi ile
30 m/dk 200°C sicaklikta agik ende reaktif boyar
madde ile boyanmis ve sonrasinda 80°C’de agik en
yikanmis, 20 m/dk 150°C’de ramoz makinesinde
kurutma yapilmistir [12]. Airo 24 isimli makinede
apre islemi yapilmustir.

E-control boyamada, boyarmadde, boya baglayici,
1slatic, kirik 6nleyici, soda baglayici kullanilmistir.
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Pad batch boyamada ise, %100 Tencel™ lyocell
kumas soguk boyama emdirme yontemi ile 20 m/dk
acik ende reaktif boyarmadde ile boyanmis
(C kumast) ve 24 saat donmeye birakilmistir.
80°C’de agik en yikanmis, 20 m/dk 150°C’de
ramdz makinesinde kurutma yapilmistir [12]. Airo
24 isimli makinede apre iglemi yapilmig, kumas
tutumu iyilestirilmistir.

Pad batch boyamada boyarmadde, islatici, silikat
boya baglayict ve kostik boya baglayici
kullanilmustir.

Airo 24 makinesinde, li¢ kumasta da 15 m/dk ile
150°C’de fulardda apre kimyasali verilerek son tuse
elde edilmistir [12].

%100 Tencel™ lyocell kumasin farkli boyama
yontemleri sonrasi standartlara gore secilmis
performans testleri yapilmigtir. Empa Standart
Sn 198525’a gore boncuklanma (pilling testi),
TS EN ISO 5077’ye gore yikamadan sonra boyut
degisimi, ASTM D 4032-94 standardina gore
kumas sertligi (stiffness), TS EN ISO 3071
standardina gore pH 6l¢tiimii, TS EN ISO 105-C06
standardina goére yikama hasligi, TS EN ISO 13934-
1 standardina goére kumas kopma mukavemeti,
ASTM D1424 standardina gore de kumas yirtilma
mukavemeti testi yapilmistir.

3. ARASTIRMA BULGULARI

%100 Tencel™ lyocell hammaddeden kumasin, 6n
terbiye sonrast farkli ydntemle boyanmis
kumaglarina uygulanan performans testleri sonucu,
elde edilen veriler Cizelge 2-7°de verilmistir.

Cizelge 2. Boncuklanma (pilling) testi sonuglar1
[12]

Numune A Kumasi | B Kumasi | C Kumasi
1 4/5 4/5 4/5
2 4/5 4/5 4/5
3 4/5 4/5 4/5
4 4/5 4/5 4/5
5 4/5 4/5 4/5
Ortalama 4/5 4/5 4/5
1111



Tencel Kumasa Uygulanan Farkli Boyama Yéntemlerinin Segilmis Kumas Performans Ozelliklerine Etkisinin

Degerlendirilmesi

Cizelge 2’den boncuklanma degerinin {i¢ boyama
yontemi sonucunda da 4/5 olarak iyi oldugu
goriilmektedir.

Tencel™ lyocell lifinin fibrillenme egilimi diger
selillozik liflere gore daha yiiksektir. Tencel,
yiiksek kristalli yapist ve kristalitler arasindaki
baglar nedeni ile lifler, esas olarak islak asimnma
kosullari altinda, fibrilasyon olarak bilinen yiizeyde
lifli elementlerin lokalize olarak ayrilmasina maruz
kalir. Bu fibrilasyon ©nlenmezse, birbirlerine
gegerek tiiylenmeye sebep olur. Tencel liflerinin
fibrilasyon egilimi sisme durumu ile iliskilidir.
Reaktif boyar maddeler tencel lifinin fibrilasyon
davranigi tizerinde olumlu etkiye sahiptir. Reaktif
boyar maddeler seliiloz zincirleriyle ¢apraz
baglanarak, 1slak isleme sirasinda fibrilasyonu
azaltmaktadir [3]. Boncuklanma degerinin 1iyi
olmasi da bu durumla agiklanabilir.

Cizelge 3’te calismada kullanilan kumaslarin
yikamadan sonra boyut degisimi degerleri yer

almakta olup, bu degerler kumas ¢ekme
degerleridir.
Cizelge 3. Yikamadan sonra boyut degisimi
sonuglari (%) [12]
A Kumagi | B Kumagi | C Kumasi
Numune No
Cozgii| Atki | Cozgii | Atki | Cozgii [Atki
1 4,5 1 4 2 3 1
2 4,5 1 4 251 3,5 |05
3 5 2 5 LS| 3,5 1
Ortalama 46 |13 43 |20] 33 |08
Standart Sapma| 0,29 |0,58| 0,58 |0,50| 0,12 |0,29

Calismanin yiiriitildiigii isletmede ¢ozgii ve atki
dogrultusunda kabul edilen yikamadan sonra boyut
degisimi (¢ekme veya uzama) maksimum %3.5
olarak dikkate alinmaktadir. Uygulamalardan
sadece Pad Batch boyamada C kumasinda istenilen
degere ulasilabilmistir.

Isletme sartlarinda yapilan iic boyama uygulamasi
sonucu kumasglarin pH dl¢iim degerleri Cizelge 4’te
verilmistir.
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Cizelge 4. pH Tayini Sonuclar1 [12]

Numune No | A Kumagi | B Kumagi | C Kumasi
1 7,27 7,28 7,57
2 7,10 7,14 7,35
3 7,05 7,21 7,41
Ortalama 7,14 7,21 7,44
Standart Sapma 0,12 0,07 0,11

Cizelge 4’ten boyama islemi yapilmis mamul
kumasin ii¢liniin de isletme sartlarinda istenen pH
degerini (6-8 aralig1) sagladigi gortilmektedir.

Cizelge 5. Yikama hasligi test sonuglari [12]

Numune No | A Kumasi | B Kumasgi | C Kumasgi
1 3-4 4-5 4-5
2 3-4 4-5 4-5
3 3-4 4-5 4-5
Ortalama 3-4 4-5 4-5
Cizelge 5°te yikama  hashgt  degerleri

incelendiginde, B ve C kumaslarinin oldukga iyi
haslik degerini sagladigi ancak halat halinde
boyamanin yapildig1 A kumasinda orta diizeyde bir
deger elde edildigi goriilmektedir. Jet boyama
isleminden gegen A kumasinin halat boyama
sonrasi halat agma yapilip acik en halinde roliklere
sarilip sonrasinda gordiigii islem adimlarindan da
rengin istenilen verimlilikte tutmadigt
distiniilmektedir.

Cizelge 6’da ise kumaslarin spektrofotometrik renk
analizleri gosterilmektedir. Minolta marka CM
3600 model spektrofotometre cihazi ile gézlemci
acist 10° olacak sekilde, D65 giin 15181 altinda
olgtimler yapilmustir.

L*: Agiklik/ koyuluk degeri (100: beyaz, 0: siyah)
a*: Kirmizilik/ yesillik degeri (+ daha kirmizi, -
daha yesil)

b* Sarilik/ mavilik degeri (+ daha sari, - daha
mavi)

C: Doygunluk

h: Renk cinsi [9]

Bir rengin a (Kirmizilik/ yesillik) degeri arttiginda
daha kirmizi niiansh oldugu, azaldiginda ise daha
yesil niiansa kaydigi anlasilmaktadir. Bir rengin b
(Sarilik/mavilik) degeri arttiginda ise renk daha
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fazla sar1 niiansa sahip olup, azalmasi durumunda
mavi niiansa dogru kaymaktadir [10].

Cizelge 6. Spektrofotometre dl¢iim tablosu [12]

A Kumasi B Kumas1 C Kumasi
2| 2z f3| 2| 23| 23
S8 ZE 22| 28|22 |3
>~ © >~ @ > © - @ >~ © >~ @
L* 28,17 | 25,57 | 72,66 | 71,63 | 43,31 | 42,56
a* 12,89 | 13,06 7,47 7,44 10,14 | 10,07
b* 1,23 1,09 8,48 7,84 18,39 | 1842
c 12,95 13,1 11,3 10,81 21,0 21,0
h 185,46 | 184,77 | 48,63 46,5 63,12 | 61,33

Cizelge 6 incelendiginde, iic kumasta da yikama
sonrasinda rengin daha agik oldugu, yikama sonrasi
A kumagmin daha kirmizi niiansh oldugu, B ve C
kumaglarinin ~ daha  yesil nilansa kaydigi
anlasilmaktadir.

Cizelge 7. Kumas sertligi (stiffness) test sonuglari

Numune No A Kumagi | B Kumasgi | C Kumasi
1 77 91 67
2 78 67 81
3 60 88 67
4 65 73 58
5 58 96 70
Ortalama (gf) 67,6 83 68,6
Standart Sapma 9.40 12.39 8.26

Cizelge 7°de kumas sertlik degerleri verilmis olup
bu degerin yiiksek olmasi kumasin sertliginin arttigi
(daha rijit oldugu) anlamima gelmektedir.
Caligmada, jet boyama isleminden gegen kumag A
ve pad batch boyamadan gegen kumas C daha
yumusak, E-control boyamadan gegen kumas B ise
83 gf degeri ile daha rijit bir kumas ozelligi
gostermistir. E-control boyama isleminin diger iki
yontemle kiyaslandiginda kurutma ve Airo 24
adimlar1 ayni olsa da, s6z konusu kumasin ¢ok kisa
siirede bir seferde uzun metrajlarda islem gordigi
dikkate alindiginda, emdirme uygulamasinda daha
fazla kimyasali biinyesine almasi nedeniyle tusenin
daha sert oldugu kanaati olusmustur. Jet boyama
isleminde kumasin daha fazla isleme maruz
kalmasi, dolayistyla kumasin daha fazla yorulmasi,
uygulanan iglem adimlarmin kumas tutumun daha
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yumusak olmasini seklinde

yorumlanabilir.

sagladig

Sekil 4’te kumaglarin kopma mukavemeti grafigi
incelendiginde degerlerin birbirine yakin oldugu
goriilmektedir. Kumas kopma mukavemetinin,
boyama yontemi olarak, farkli boyama
uygulamalarindan fazla etkilenmedigi seklinde
yorumlanabilir.

Kopma mukavemet: (kgt)

Akumagi B Kumagt

OCozgi WAtk

C Kumag!

Sekil 4. Kumas kopma mukavemeti sonuglari [12]

3100
2850
2600

2350

2100 .
1850 =

A Kumags

Yirtilma mukavemet: (g1)

\
B Kumag: C kumag

OCozgi WAtk
Sekil 5. Kumas yirtilma mukavemeti sonuglari [12]

Sekil 5’te  yirtilma  mukavemeti  grafigi
incelendiginde ozellikle atki yirtilma
mukavemetinde sonuglar birbirinden oldukga farkli
bulunmustur. Jet boyama islemi gormis A
kumasinin makinede kalma siiresinin daha fazla
olmasi, halat halinde iglem gdrmesi ve halat agma
islemi ve devaminda kumasin goérdiigli muameleler,
yirtilma  mukavemeti gibi  terbiyenin  her
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asamasindan etkilenebilen bir performans 6zelligini
olumsuz anlamda etkilemistir. Ac¢ik en halinde
islem goren B kumasinda boyama igleminin daha
kisa siirede gergeklesmesi C kumagimin yirtilma
mukavemetinden daha yiiksek atki yirtilma
mukavemeti gostermistir. B kumasmin boyama
isleminde fazla yipranmadigi (islem siiresinin
digerlerine gore daha kisa olmasi nedeniyle)
diisiinildiiginde, hem atki hem ¢6zgii yirtilma
mukavemetinin daha yiiksek ¢ikmasi beklenen bir
durum olarak degerlendirilebilir.

Yirtilma mukavemetinin lif 6zellikleri, iplik
ozellikleri, kumas 6zellikleri ve kumasa uygulanan
terbiye iglemleri gibi farkli faktdrlere bagli olmasi
nedeniyle kontrol edilebilmesi zor oldugu
diistiniilmektedir. Kumaslarin kullanim yerine
uygun olarak hammadde sec¢imi, kullanilacak atki-
¢ozgli sikliklarinin, doku tiirliniin, kumasa
uygulanacak terbiye islemlerinin, istenilen yirtilma
mukavemetine gore se¢ilmesi onerilir [13].

4. SONUC

Ozellikle son zamanlarda cevre dostu olarak tekrar
geri doniistiiriilebildiginden, Tencel™ lyocell lifi
konusunda arastirmalar giin gegtik¢e artmaktadir.
Kendine has yumusak bir tutumu olan, pamugun
yapisina benzerlik gdsteren Tencel™ lyocell lifi,
boyanabilmesi, baski ile renklendirilebilmesi,
konfor 6zelliklerinin tercih edilebilmesi ile kumasg
performansi agisindan daha fazla kullanim alani
bulmakta olan bir tekstil ham maddesidir.

Calismada kullanilan %100 Tencel™ lyocell
hammaddeden  kumas, isletme  sartlarinda
dokunmus ve On terbiye sonrasi jet boyama, e-
control boyama ve pad batch boyama olmak 3 farkli
yontemle boyanmis mamul hale getirilmistir. Islem
sonrasinda boyanan ii¢ kumasin Airo 24 isimli
makinede tusesi iyilestirilmigtir. Boyama sonrasi
kumaslara boncuklanma, yikamadan sonra boyut
degisimi, pH tayini, yikama hasligi, kopma ve
yirttlma mukavemeti, kumas sertligi gibi testler
standartlara gore uygulanmis, spektrofotometre ile
renk degerlendirmesi yapilmistir.

Boncuklanma degerinin li¢ boyama yoOntemi
sonucunda da 4/5 olarak iyi oldugu goriilmektedir.
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Bunun sebebinin kullanilan reaktif boyar maddenin
lifin fibrilasyon davranigi iizerinde olumlu etki
yaratmis oldugu ile agiklanabilir.

Boyama islemi yapilmis kumaglarin {igiiniin de
isletme sartlarinda istenen pH degerini (6-8 aralig)
sagladig1 gorillmiistiir.

Yikama haslig1 test sonuglart degerlendirildiginde,
sadece jet boyama isleminden gegen kumasin haslik
degeri diigiikk bulunmustur. Halat boyama sonrasi
halat agma yapilip agik en halinde roliklere sarilip
sonrasinda gordiigi islem adimlarindan dolay1
rengin istenilen verimlilikte tutmadigt
diigiiniilmektedir.

Spektrofotometrede yapilan analiz sonucunda L*,
a*, b*, c, h degerleri olarak i{i¢ kumagsin da yikama
sonrasinda renk degisimi oldugu, rengin agildig
goriilmektedir.

Kumaglarin kopma mukavemeti o&lglimlerinde
birbirine yakin sonuglar elde edilirken, yirtilma
mukavemeti degerlerinde  6zellikle e-control
boyama yapilan kumagin hem atki hem ¢ozgi
yirttlma mukavemetinin daha yiiksek ¢ikmasinin,
diger yontemlere gore boyama isleminde kumasin
fazla  yipranmadigi  durumu  disiiniilerek
degerlendirilebilir.

Kumaglarin boyama sonrasinda ayni1 tuse iglemine
tabi tutuldugu dikkate alindiginda, ii¢ yontemden
sadece e-control boyamadan ¢ikan kumasin daha
sert tutumda bulundugu gorilmiistir. Emdirme
uygulamasinda kumasin daha fazla kimyasal
biinyesine almasi nedeniyle daha sert tuseye sebep
oldugu kanaati olusmustur.

5. TESEKKUR
Yazarlar olarak, OGUZ TEKSTIL. AS (Adana) ve

BOSSA A.S. ye (Adana) desteklerinden dolay1
tesekkiir ederiz.
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Abstract

Technological improvements and increasing energy demand necessitate energy efficient designs for heat
transfer systems. The storage and reuse of heat energy plays an important role in the development of energy-
efficient systems. Phase change materials (PCMs) are crucial components which increase energy efficiency
in heat exchangers as can be applied to many systems. In this study, the heat transfer performance of
different types of phase change materials in a regenerative heat exchanger was investigated according to
different parameters. Reynolds number depending on the hot fluid velocity (Re=400, 800, 1200, 1600), hot
fluid inlet temperature (Tscak giris=40, 60, 70, 80°C), and different types of phase change materials (RT60,
RT100, and SP70) are the parameters used in this study. ANSYS Fluent software was used for
computational fluid dynamics analysis. As a result, it has been determined that when the Reynolds number
of the hot fluid in the heat exchanger was increased in the range of Re=400-1600, the heat transfer
effectiveness increase of 17%; when the hot fluid inlet temperature was increased in the range of
Thotinle=40-80°C, the heat transfer effectiveness increase of 21%. As regards the effect of different types of
phase change materials, the heat transfer effectiveness was 81% for RT60, 79% for SP70 and 76% for
RT100. It has been evaluated that, with the results obtained from this study, heat exchangers with higher
heat transfer effectiveness and higher energy storage capacity can be designed.

Keywords: Phase change material, heat exchanger, heat transfer effectiveness, Reynolds number

Faz Degistiren Malzemelerin Is1 Degistiricisi Performansina Etkisinin, Farkh
Parametreler I¢in Incelenmesi

Oz
Teknolojik ilerlemeler ve artan enerji talebi, 1s1 transfer sistemlerinde enerji tasarruflu tasarimlart gerekli

kilmaktadir. Enerji tasarruflu sistemlerin gelistirilmesinde, 1s1 enerjisinin depolanmasi ve tekrar
kullanilabilmesi onemli bir rol oynamaktadir. Faz degistiren malzemeler (FDM), bircok sisteme

*Sorumlu yazar (Corresponding Author): Mahir SAHIN, msahin@atu.edu.tr
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uygulanabildigi gibi 1s1 degistiricilerinde de sistemin enerji veriminde 6nemli artis saglayan bir bilesendir.
Bu calismada, rejeneratif bir 1s1 degistiricisinde farkli tipteki faz degistiren malzemelerin 1s1 transfer
performansi farkli parametrelere gore incelenmistir. Calismada kullanilan parametreler; sicak akiskan
hizina bagli Reynolds sayis1 (Re=400, 800, 1200, 1600), sicak akiskan girig sicaklig1 (Tscak giris=40, 60, 70,
80°C) ve farkli tipteki faz degistiren malzemelerdir (RT60, RT100 ve SP70). Hesaplamali akigkanlar
dinamigi analizi igin ANSYS Fluent yazilimi kullanilmistir. Sonug olarak, 1s1 degistiricisinde sicak
akiskanin Reynolds sayis1t Re=400-1600 araliginda arttirildiginda 1s1 transfer etkinliginde %17 artis; sicak
akiskan giris sicaklig1 Tgicak giris=40-80°C araliginda arttirildiginda 1s1 transfer etkinliginde %21 artig tespit
edilmistir. Farkli tipteki faz degistiren malzemelerin etkisi incelendiginde ise; RT60 igin 1s1 transfer
etkinligi %81, SP70 i¢in 1s1 transfer etkinligi %79 ve RT100 igin ise 1s1 transfer etkinligi %76 olarak tespit
edilmistir. Bu ¢alismadan elde edilen sonuglarla, 1s1 transfer etkinligi ve enerji depolama kapasitesi daha

yiiksek 1s1 degistiricilerin tasarlanabilecegi degerlendirilmistir.

Anahtar Kelimeler: Faz degistiren malzemeler, 1s1 degistiricisi, 1s1 transfer etkinligi, Reynolds sayis1

1. INTRODUCTION

Thermal energy storage (TES) systems have always
played a critical role in industrial and domestic
purposes in order to achieve cost effective and
energy efficient systems. Heat exchangers are main
components for heat transfer systems and thermal
energy storage or energy transfer systems. There are
many active and passive methods to improve the
effectiveness of heat exchangers. Surface
modifications, vortex generators, different types of
baffles, various geometrical structures, nanofluids
are some of passive methods [1]. Passive methods
gain more importance than active methods due to
their energy saving manners. As another passive
method in heat exchangers, phase change materials
are substances based on melting or solidification
caused by the temperature difference of one or more
materials, allowing energy to be stored and reused
[2]. Phase-change materials (PCMs) have an
important factor in the design of thermal systems
due to their thermal energy control capability,
chemical stability, high thermal energy storage
capacity, sensitivity to small temperature changes

[3].

Regenerative heat exchangers are used in many
fields where required to be stored and reuse thermal
energy. Different types of PCMs are used in
regenerative heat exchangers as thermal energy
storage and release medium. Phase change
regenerative heat exchangers are used in many
fields such as electronic devices [4-6], solar energy
applications [7,8], waste heat recovery [9-11],
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thermal management systems [12], smart buildings
[13-15]. In order to figure out the issue between
energy demand and supply and improve the energy
efficient systems, latent heat thermal energy storage
(LHTES) systems based on PCMs offer a large
variety of commercial and residential applications.
The ability of absorbing heat, adjusting melting
range and transferring stored heat of phase change
materials make them applicable in many fields of
heat transfer systems.

In the literature, Fragnito et. al. [16] examined the
effect of using fractal fin structures in a latent heat
exchanger on the weak thermal conductivity of
phase change materials (PCMs). In the simulations,
it was observed that the fractal fin heat exchanger
reduced the melting time of PCM by 27.3%
compared to a rectangular fin heat exchanger.
Furthermore, the simulations showed that the
optimized fractal fins resulted in a 35.6% decrease
in melting time. The investigations concluded that
the use of fractal-type fins with low thermal
conductivity PCM in heat exchangers can reduce
melting time and improve system efficiency.
Faraj et. al. [17] conducted a literature study
demonstrating the feasibility of thermal energy
storage systems in buildings. The aim of the study
was to show that in buildings with significant
environmental impact, thermal comfort can be
achieved by preserving the existing energy of
heating and cooling systems. As a result of their
research, it was noticed that using suitable structure
and geometry, PCMs can be employed to prevent
temperature fluctuations inside buildings under
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cooling conditions, leading to energy savings.
Hathal et. al. [18] conducted a numerical and
experimental research to demonstrate the effect of
using phase change materials (PCMs) in thermal
energy storage technologies. They added PCM
types such as paraffin, salt hydrate, and a mixture of
salt hydrates to thermal energy storage tanks. The
composite PCMs used in the experiments provided
greater contributions to energy storage. PCM
materials can be used as an alternative for a
sustainable energy system. In conclusion, the
experiments showed that PCMs can play an active
role in thermal energy systems. Konuklu et. al. [19]
carried out an experimental study to increase energy
efficiency and reduce waste heat. In the
experimental study, the changes in ambient
temperature were compared by insulating a
container with phase change materials. As a result,
it has been observed that it provides 5-10 % energy
savings in cooling in summer and 10-20 % in
winter compared to an uninsulated environment.
Koukou et. al. [20] examined a latent heat thermal
energy storage (LHTES) unit used in a cascaded
heat exchanger, employing different phase change
materials (PCMs) at low temperatures. All the
organic PCMs used in the study exhibited a super-
cooling effect directly affecting the heat dissipation
of the LHTES unit. Kosan et. al. [21] analyzed the
thermal behavior of the melting temperature, which
is the latent heat storage limit of the phase change
materials. The materials are the inner element of the
heat exchanger, which is used effectively in thermal
energy storage systems, at variable geometry and
system inlet temperature. The analysis was carried
out with the computer using ANSYS Fluent
program. As a result, it was observed that the
melting time of the phase change material decreased
as the variable system inlet temperature increased
(50°C, 60°C and 70°C). The same result was
observed as the number of fins (6, 9, 12 and 15),
which is another parameter. Ljungdahl et. al. [22]
investigated the potential of using phase change
materials (PCMs) to support waste heat recovery in
information  systems and high-performance
computing clusters. The cooling of data centers
(DC) and high-performance computing (HPC)
systems involves significant energy consumption.
A study conducted in Denmark showed that PCM
usage reduced electricity consumption by
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approximately 8.14% to 10.8%. However, the
efficiency of latent heat storage varies seasonally
depending on the temperature difference between
the system and the environment. Despite these
variations, it has been determined that PCM
applications need for improvement and their current
state is not efficient for use in advanced systems.
Mat et. al. [23] conducted an analysis of the
performance of a heat exchanger using phase
change material as an alternative to improve the
efficiency of solar energy systems. The analysis
was carried out using a computer fluent software.
The PCMs in the heat exchanger was analyzed with
fins on the inside, outside, and on both sides. The
analysis revealed that in the heat exchanger with
internal and external finned triple pipes, the melting
time was observed to decrease by 43%. Rana et. al.
[24] examined the effect of heat transfer
performance of increasing number of fins in a heat
exchanger coated with phase change material. The
study was conducted using two-dimensional
computational fluid dynamics (CFD) simulations.
CFD simulations were used to investigate the
design of the heat exchanger. It was observed that
the heat transfer performance increased when PCM
was used at temperatures of 50°C and 60°C. The use
of phase change materials in the system also
reduced the melting time. Tomizawa et al. [25]
conducted an experiment to investigate the
reduction of generated heat for mobile phones using
phase change materials (PCMs). The generated heat
by mobile phones is typically dissipated through
passive cooling methods. Due to the latent heat
property of PCMs, they can reduce the rate of
temperature increase. As a result, the encapsulated
PCMs applied to mobile phones were found to
decrease the rate of heat accumulation and achieve
higher performance. Youssef et. al. [26] aimed to
improve the thermal conductivity of various phase
change materials (PCMs) for effective utilization in
heat exchangers in their study. One of the factors
influencing the preference for phase change
materials in latent heat storage applications is its
low thermal conductivity. In the analysis, heat
exchangers with spiral wire tubes were designed
and an indirectly solar-assisted heat pump was
integrated. In order to validate the findings, a 3D
CFD model of the PCM heat exchanger was created
and compared with measurement results.
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Osterman et. al. [27] examined the performance of
heating and cooling systems in large energy-
consuming buildings by storing thermal energy
using phase change materials in order to reduce
energy consumption. They selected the paraffin
RT22HC material for the investigation. They built
an office using plates filled with RT22HC as the
experimental chamber. The heating and cooling
performance of the office was observed throughout
the year. Initially, the structure was analyzed as
numerical model. Subsequently, an experimental
setup was created. It was observed that using PCM
resulted in an annual energy saving of
approximately 142 kWh. Nithyanandam et. al. [28]
examined the optimization of encapsulated phase
change materials in thermal energy storage in their
research. In the study, the capsule parameters were
varied to achieve a targeted storage cost of less than
$15/kWh and a storage charging time of less than 6
hours. The charging and discharging times of
different PCM types were also examined in the
study. Through numerical analysis, optimization
was achieved by adjusting capsule dimensions,
PCM quantities, PCM types, and flow types. The
initially targeted optimal cost and charging time
were obtained from a cylinder with a diameter of
15 mm, a height of 15 m, and a diameter of 11.25 m
($7.55/kWh and 7.42 hours). This study provided a
model-based optimization for encapsulated thermal
energy storage. Wang et al. [29] proposed a novel
rotary regenerative heat exchanger filled with PCM
capsules and examined it numerically with
traditional one. The effects of using PCM capsules
have lead better temperature distribution in the heat
exchanger. Rajagopal and Velraj [30] investigated a
PCM based a flat plate heat exchanger numerically
and experimentally for cooling applications. It has
been evaluated that decreasing inlet temperature of
air in the heat exchanger cause a reduce in
solidification time of PCM. Zhou and Zhao [31]
investigated heat transfer properties of paraffin wax
RT27 and calcium chloride embedded in graphite
and open-cell metal foam experimentally. The
results indicate that porous structure enhanced heat
transfer rate of PCM medium. Jaworski [32]
presented an experimental report on thermal
performance of structure formed with PCM
integrated with ventilation system in buildings. The
set-up showed that warm air in day time can melt
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PCM and melted PCM can warm cool air by
solidifying in night time. Kaizawa et. al. [33]
investigated thermophysical characteristics of
different sugar and sodium acetate trihydrate as
PCMs. According to results, erythritol as a PCM
showed the best performance among others due to
good chemical stability and high decomposition
point. Palmer et. al. [34] studied a structured fin
configuration which reduce PCM melting time by
enhancing flow dynamic in a triple tube heat
exchanger. Findings showed that optimized fin
structure in the triple tube heat exchanger can
reduce melting time up to 57.4% and can improve
heat energy storage capacity. The study also
indicated that upper fins in the heat exchanger can
provide better heat transfer performance that lower
fins. Wang et. al. [35] studied the effects of melting
time, storage capacity and heat transfer
characteristics of PCMs integrated as copper metal
foam composites. The experimental study showed
that increasing copper proportion in the composite
from 0% to 2.13% has decreased melting time of
PCMs and has increased storage capacity and heat
transfer rate of the system. The study also indicates
that the best heat storage capacity for the copper
metal foam composite was obtained at 2.13%
proportion. Kittusamy et. al. [36] investigated to
enhance thermal conductivity of phase change
material (OM65) numerically and experimentally.
In the study, three different models were composed
with different nanographene particle proportions.
The results indicated that reduction in melting time
up to 37.5% for PCM models with nanographene
was indicated when compared to base PCM model.
Xu et. al. [37] conducted a numerical study to
examine the effect of magnetic field on thermal
storage capacity of nano enhanced phase change
material formed with metal foam. Increasing
volume fraction of nanoparticles in the composite
material could improve melting time but has no
remarkable effect on heat transfer. Sudhakaran et.
al. [38] conducted a numerical study to evaluate the
effects of material and thickness on thermal
management performance for batteries. Among
others, RT35 phase change material showed a
promising performance. Soliman et. al. [39]
evaluated heat transfer and energy storage
performance of different PCMs for a PV system
experimentally. The results ensured that RT44
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material achieved the highest energy storage while
RT25 showed the lowest temperature for PV
system.

Different from the literature, this study numerically
investigates heat transfer effectiveness and thermal
energy storage capacity of different types of PCMs
(RT 60, RT 100 and SP 70) as regards to Reynolds
number and inlet temperature of hot fluid under
laminar flow condition. Obtained results compared
with experimental data which was performed with
pure water in a heat exchanger.

2. MATERIAL AND METHOD

The RT category of PCMs manufactured by
RUBITHERM consists of organic substances.
These PCMs employ phase transition mechanisms,
specifically the melting and solidification
processes, to efficiently store and release substantial
quantities of heat energy within consistent
temperature range. Depending on their melting
points, these PCMs can be employed for diverse
heat storage applications for varying temperature
ranges. PCMs demonstrate a noteworthy latent heat
capacity within narrow temperature intervals,
owing to their exceptional purity and specific

Turan GUNES, Mahir SAHIN, Mustafa KILIC

Table 2. Properties of RT100 material [40].

Properties Values|Unit
Melting range 90-112| °C
Congealing range 108-86| °C
Heat energy storage capacity + 7,5%

(Combination of latent and sensible 124 | kl/kg
heat in temperature range of 90°C to 34 | Whikg
105°C.)

Specific heat 2 | klkgK
Density (solid) 0.88 kg/L
Density (liquid) 0.77 kg/L
Thermal conductivity (for both phases)| 0.2 |W/(m'K)
Volume expansion 12.5 %
Flash point 312 °C
Operation temperature (max.) 120 °C
Rubitherm SP products as PCMs utilizing

combinations of saltwater mixtures and additives,
which act as latent heat storage media. These PCMs
undergo phase transitions between solid and liquid
phases, enabling release and storage of significant
thermal energy. The melting temperatures of SP
materials may differ slightly from RT materials.
Physical properties of SP70 are presented in Table
3.

Table 3. Properties of SP70 material [40].

compositions. Additionally, they possess chemical ~ [Froperties Values | Unit
. .o . . Melting range 69-73 °C
inertness and an unlimited lifespan. Physical - S
. £ RT60 d RTI100 d Congealing range 68-66 C
prop ertles. ° an prO. ucts are Heat energy storage capacity + 7,5%
presented in Table 1 and Table 2, respectively [40].  |(Combination of latent and sensible heat| 150 | kJ/kg
in a temperature range of 90°C to 42 Wh/kg
Table 1. Properties of RT60 material [40]. 105°C.)
Properties Values| Unit Specific heat capacity 2 kl/kg'K
o L . Density (solid) 15 | kel
clting range 5561 °C Density (liquid) 13 | kel
Congealing range 61-55 °C Thermal conductivity range (for both 06 W/(m'K
Heat energy storage capacity + 7,5% phases) i i )
(Combination of sensible and latent heat| 160 kl/kg Volume expansion 34 %
in temperature range of 90°C to 40 | Whikg Flash point 0.6 °C
105°C.) Operation temperature (max.) 90 °C
Specific heat 2 kl/kg'K
Density (solid) 0.88 | keg/L CFD analysis were performed using ANSY S-Fluent
Density (liquid) 077 | kgL software. Dimensions of model geometry of the
Thermal conductivity (for both phases) | 02 |w/mK)| regenerative heat exchanger was determined that 50
Volume expansion s ” mm, 70 mm, and 100 mm as diameter of the tubes
o : 0 and 1000 mm as the length of the tubes. Schematic
ash point >200 C view of the model is shown in Figure 1 as two-
Operation temperature (max.) 80 °oC dimensionally.
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Cold Water j

Figure 1. 2D schematic view of the regenerative
heat exchanger

2.1. Mesh Independence Study

Number of cells of the numerical model was
increased solid-liquid interface boundary layers.
For the independence study of the numerical model,
five different mesh model has been created and the
models were analyzed according to average
temperature of the hot fluid in the regenerative heat
exchanger. The number of cells was increased, and
numerical data examined for five different mesh
model. It was determined that the average
temperature value did not change significantly after
800000 cells. Variation of average temperature with
respect to the number of cells is presented in Figure
2.

35,0

34,5 4

34,0

33,51

33,0 q

Average temperature (°C)

32,0

10 2x1|05 3)(“105 4)(:|05 5)(“105 6le05 7)(405 8le05 9)(“105 12)ﬁ 1x108
Mesh number

Figure 2. Variation of average temperature with

respect to the number of cells

2.2. Validation of the Numerical Model

In order to verify the numerical model, the data
obtained from the experimental study [41] in which
pure water was used as hot and cold fluid in the heat
exchanger were compared with the numerical
model data. The maximum error between
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experimental and numerical data was determined as
11%. Therefore, it was determined that the
numerical model good agree with the experimental
study. Comparison of numerical data with
experimental data is presented in Figure 3.
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Figure 3. Numerical and experimental data

Mesh structure of the numerical model is shown in
Figure 4.

o o L]
N — J -
115 T

Figure 4. Mesh structure of the numerical model

2.3. Mathematical Formulations and Boundary
Conditions

In order to determine heat transfer effectiveness of
the numerical model, continuity, momentum, and
energy equations are given below.

Continuity equation:

1 a(ruy)

r or

10(ug) | 3(ug) _
r oo "oz 0 M
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Momentum equation:
In the r-direction:

9(ur) Our) L ugduy) _ 2 B(Mr)) _

(at tU G T e T T ) =
_o® 1 (r o) 1 %ur

or TPyt i [r ar (T‘ or r2 + r2 96 (2)
ELT
r2 90 9z2

In the 6-direction:

u ou, Uug 0u UgU, ou,
(B_:Jru Ro ytoBte | Lotr gy e)_

Tor v 96 779z
10P 10 aug) Ug
r66+pg9 +‘u[r0r (T or r2 + (3)
1 9%ug , 2 du, Bzug]
r2 962 r2 90 022

In the z-direction:

du, ou, . ugdu, auz) _ _op
p(6t+ur6r+r66+u - +

Z 9z oz
19 ou. 1 9%u. 9%u, (4)
Z Z Z
Pgz +y[;;(r ar) tee T 622]
Energy equation:
oT T | ug T oT _ dg
s Tyt T e = cp +
)

[11( B_T) 1 92T | d%T @

z r -2 ,9° L
ror ar r2 9602 = 09z2 pecp

The boundary conditions of the numerical model
presented in Table 1.

Table 1. The boundary conditions of the numerical

model
U(m/s) V(@m/s) | Wm/s) | T (K)

HotFluid 1 e | v=0 | W=0 |T=Thoun

Inlet

Cold Fluid U=0 V=Vin | W=0 |T=Teoidin

Inlet

HotFluid | ou _ ~[ov _ fow _ Tor _

Outlet ox ox | ox | ox

Cold Fluid | ou _ ~[av _ Jaw _ [aT _

Outlet oz 9z |9z |9z
oT

Body U=0 v=0 | w=0 |Z_p
dz
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Heat transfer rate in the regenerative heat exchanger is
determined as;

Q = UA;ATyy (6)

Logarithmic mean temperature difference:

ATI = Th,in - Tc,out

AT, = Th,out - Tc,in (7)
_ATy-AT,

ATy = In(AT, /AT,)

Ag is the heat transfer surface area and U is the
overall heat transfer coefficient. Heat transfer
effectiveness (¢) is defined as the ratio of the actual
heat transfer rate to the maximum possible heat
transfer rate.

3. RESULTS AND DISCUSSION

The analysis was performed in the heat exchanger
as counter-flow arrangement. Pure water as hot
fluid in the inner tube and cold water in the outer
tube were arranged with PCMs in the annular tube.
Different Reynolds numbers (Re=400, 800, 1200,
1600), different inlet temperatures (Thotin=40, 60,
70, 80°C) and different PCMs (RT60, RT100,
SP70) were determined as parameters.

3.1. The Effects of Reynolds Number

In order to investigate the effects of different
Reynolds number on heat transfer performance, the
PCM in the regenerative heat exchanger was
determined as RT60; and inlet temperature of the
hot fluid was determined as 60°C under laminar
flow condition. The Reynolds number is varied as
400, 800, 1200, and 1600 for the examination due
to investigate the effect of flow characteristics
under laminar flow conditions to achieve maximum
energy storage and energy transfer. Heat transfer
effectiveness was calculated as 64.02% for Re=400,
73.9% for Re=800, 78.5% for Re=1200, and
81.19% for Re=1600. Energy storage capacity of
the PCM were determined as Q=135.23 W for
Re=400, 0=223.73 W for Re=800, 0=292.02 W for
Re=1200, and Q=348.15 W for Re=1600.

The temperature contours and velocity vectors for
the RT60 material at 60°C for different Reynolds
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number are shown in Figure 5 and Figure 6,
respectively.

Temperature
Cm!ﬁr 2

(l
Figure 5. The temperature contours of the RT60
material for different Reynolds numbers
(From top to bottom, Re=400, 800, 1200,
1600)

Veloci
0.023

0.017

0.011

- 0.006

0.000
[m s~-1]

Figure 6. The velocity vectors of the RT60
material for different Reynolds numbers
(From top to bottom, Re=400, 800, 1200,
1600)

Increasing Reynolds number in range of Re=400-
1600 yields an increase of 17% in heat transfer
effectiveness. Effect of Reynolds number on heat
transfer effectiveness is presented in Figure 7
graphically.
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Figure 7. Effect of Reynolds number on heat
transfer effectiveness
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3.2. The Effects of Inlet Temperature

The effect of different inlet temperatures
(Thot.in=40, 60, 70, and 80°C) of the hot fluid on heat
transfer performance was investigated for RT 60
material and constant Reynolds number (Re=1200).
The hot fluid inlet temperature in the heat exchanger
is determined in the range of 40-80°C for waste heat
recovery systems which is operated for low
temperature conditions. Heat transfer effectiveness
of the heat exchanger was determined 76.97% for
Thot,in=40°C; 78.59% for Thotin=60°C; 81.7% for
Thotin=70°C and 97.54% for Thot,in=80°C. Increasing
inlet temperature of the hot fluid leads an increase
in heat transfer effectiveness.

The temperature contours and velocity vectors for
the RT60 material at Re=1200 for different inlet
temperatures are shown in Figure 8 and Figure 9,
respectively.

Temperature
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Figure 8. The temperature contours of the RT60
material for different inlet temperatures
(From top to bottom, Thet,in=40, 60, 70,
80°C)
Veloci
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0.012

0.000
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Figure 9. The velocity vectors of the RT60
material for different inlet temperatures
(From top to bottom, Thetin=40, 60, 70,
80°C)
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It was determined that increasing inlet temperature
from 40°C to 80°C leads an increase in heat transfer
effectiveness by 20%. It is obtained that the reason
for the sudden increase in efficiency after 70°C is
due to the phase-changing material used reaching its
maximum operating temperature of 80 °C, and the
transition of RT60 into a completely liquid state.
The effect of inlet temperature of the hot fluid on
heat transfer effectiveness is presented in Figure 10.
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Figure 10. The effect of inlet temperature of the
hot fluid on heat transfer effectiveness

3.3. The Effects of Different PCMs

Different PCM types as RT100, SP70 and RT60
were used in the heat exchanger at 60°C and
Re=1200. The selected phase-changing materials
were chosen within appropriate  operating
temperature ranges for the system. SP70, RT100,
and RT60 types of materials were chosen to observe
the working outcomes of organic and inorganic
materials. Heat transfer effectiveness of the PCMs
were determined as 75.78% for RT100, 78.59% for
SP70 and 81.3% for RT60. Energy storage
capacities of the PCMs were determined as
0=292.26 W for RT60, 0=312.83 W for RT100,
and Q=456.19 W for SP70. The temperature
contours and velocity vectors for the PCMs are
shown in Figure 11 and Figure 12, respectively.

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023

Turan GUNES, Mahir SAHIN, Mustafa KILIG

Temperature

Confour 2
59.184 —_—
56.725
54.286 o —— e
51.837
49,388
46.939
44,490 —— e —
42,041 -
39.592 w —
37.143 . ——
34,694
32245
29.796
27.347 ———— —
24.808
22.449

]

Figure 11. The temperature contours of the PCMs
(From top to bottom, RT100, SP70,
RT60)
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Figure 12. The velocity vectors of the PCMs
(From top to bottom, RT100, SP70,
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Heat transfer effectiveness of the heat exchanger for
different PCM types is presented in Figure 13.
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4. CONCLUSION

In this study, different types of PCMs were

inves

tigated numerically in a regenerative heat

exchanger with different Reynolds number and
different inlet temperatures. As a result;

a.

Increasing Reynolds number of hot fluid in
range of Re=400-1600 yields an increase in
heat transfer effectiveness by 17%. Increasing
the Reynolds number caused an increase in the
hydrodynamic boundary layer and a decrease
in the thermal boundary layer.

b. Increasing Reynolds number in laminar flow
as Re=400-1600 yields an increase in energy
storage capacity of regenerative heat
exchanger.

c. Increasing the inlet temperature of the hot
fluid from 40°C to 80°C shows an incremental
increase in heat transfer effectiveness,
resulting in an overall increase of 20%.

d. For constant inlet temperature and Reynolds
number, RT 60 shows the best heat transfer
performance among others. However, SP 70
shows the best energy storage capacity among
others.

e. It has been determined that obtained data from
this study, regenerative heat exchangers which
have better heat transfer performance and
higher energy storage capacity can be
designed with lesser cost.

Abbreviations

TES : Thermal energy storage

PCM  : Phase change material

LHS  : Latent heat storage

CFD  : Computational fluid dynamics
LHTES : Latent heat thermal energy storage
Thotin  : Hot fluid inlet temperature

Teoldin : Cold fluid inlet temperature

Thotout : Hot fluid outlet temperature
Teoldout : Cold fluid outlet temperature

T : Melting temperature

Cp : Specific heat

ATy,  :Logarithmic mean temperature difference
Ay : Surface of the area

Quct : Actual heat transfer rate

Omax  : Maximum heat transfer rate
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Subscripts

f : fluid

p : particle

nf : nanofluid

fr : freezing point

m : mass
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Abstract

Alkali-activated cements have gained attention as sustainable alternatives to Portland cement-based
concretes. This study aims to enhance the early strength development of alkali-activated slag (AAS) mortars
by preheating the alkali activator, ground granulated blast furnace slag, and aggregates to temperatures
reaching up to 65°C before their utilization. Preheating at 50°C enhances both early and ultimate strength
of AAS, compared to specimens that were not subjected to preheating. Similarly, preheating at 65°C results
in a substantial increase in early strength but leads to some strength reduction after three days. SEM and
FTIR analyses reveal that preheating at 50°C improves the interfacial transition zone between paste and
aggregate, reduces microcracks, and promotes alkali activation. Furthermore, FTIR analysis confirms the
occurrence of hydration reactions in AAS upon contact with water.

Keywords: Alkali-activated slag, Preheating of materials, Early age concrete, Heat curing, Water resistance

Malzemelerin Isittilarak Kullaniimasi ile Alkali-Aktive Curuflarin Erken-donem
Dayamm Gelisimlerinin lyilestirilmesi

Oz

Alkali ile aktive edilmis ¢cimentolar, Portland ¢imentosu esasl: betonlara stirdurilebilir alternatifler olarak
dikkat ¢ekmektedir. Bu ¢alismada, alkali aktivator, 6giitilmus granile yiiksek firin ciirufu ve agreganin
65°C’ye kadar 1sitilmas: yoluyla alkali ile aktive edilmis cliruf (AAS) esasli harclarin erken yastaki dayanim
gelisimlerinin iyilestirilmesi amaclanmistir. On 1sitmaya tabi tutulmayan AAS ile kiyaslandiginda,
50°C’lik 6n 1sitma, AAS’nin hem ilk giinlerdeki hem de nihai dayanimini artirirken 65°C’lik 6n 1sitma,
AAS’nin ilk saatlerdeki dayanimini1 énemli derecede artirirken 3 giinden sonraki dayanimlarda bir miktar
diguslere sebep olmustur. 50°C’lik &n 1sitmanin hamur ile agrega arasindaki bag: arttirdigi, mikro ¢atlaklart
azaltarak daha yogun bir matris olusturdugu ve alkali aktivasyonu ilerlettigi SEM ve FTIR analizlerinden
anlasilmaktadir. Ayrica FTIR analizleri, suyla temas eden AAS’lerde hidratasyon reaksiyonlarinin
gerceklestigini gostermektedir.

Anahtar Kelimeler: Alkali-aktive ciruf, Malzemelerin dn-i1sitilmasi, Erken dayanimli betonlar, Isil kiir,
Suya dayaniklilik
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1. INTRODUCTION

Concrete, one of the most widely used construction
materials, traditionally relies on Portland cement as
its primary binder. However, the growing interest in
sustainable and  environmentally  friendly
alternatives has paved the way for the development
of alkali-activated cements (AACS). In recent years,
AACs have gained considerable attention due to
their potential to offer enhanced performance and
reduced carbon footprint compared to Portland
cement-based concretes [1]. This has prompted
researchers and engineers to explore and compare
the properties and characteristics of AACs with
those of conventional concretes. Alkali-activated
slag (AAS) is a type of alkali-activated cementitious
material that utilizes blast furnace slag as its main
precursor. Blast furnace slag is a byproduct of the
iron and steel industry and contains a high content
of reactive compounds, such as calcium, silicon,
and aluminum [2]. When activated with alkaline
solutions, typically a combination of sodium
hydroxide and sodium silicate, the slag undergoes a
chemical reaction that results in the formation of a
hardened matrix. This matrix exhibits cementitious
properties and provides strength and durability to
the AAS. One of the key advantages of AAS is its
ability to utilize industrial waste materials,
contributing to sustainable construction practices.
AAS offers several desirable characteristics,
including high early strength, good chemical
resistance, and low carbon footprint compared to
traditional Portland cement-based materials [3,4].

AAS/geopolymer binders require heat curing to
achieve sufficient mechanical properties, typically
ranging from a few hours to a few days, with curing
temperatures usually falling between 40°C and
90°C [5,6]. Geopolymers produced with high
calcium content binders, in other words alkali-
activated cements, have been shown to reach
acceptable strength levels within reasonable
timeframes at room temperatures [7]. However,
heat curing has been found to accelerate the strength
development and improve the mechanical
properties of alkali-activated cements [8]. It is
worth noting that in the conventional method, the
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heat curing process for alkali-activated cements
(slags) is applied after obtaining the samples. This
practice limits the possibility of in-situ casting of
alkali-activated slag (AAS) and requires additional
energy consumption. On the other hand, preheating
the materials before mixing is suggested to offer
wider application possibilities for AAS concrete
and contribute to reduced energy consumption [9].

Souza et. al. [10] demonstrated that heating the
mixture in  3D-printed  metakaolin-based
geopolymers can vyield highly fluid mixtures,
allowing for the continuous and rapid production of
geopolymer mixtures through a systematic heating
process, from pumping to printing. Nguyen et. al.
[9] found that preheating fly ash and fine aggregate
resulted in geopolymer mortars with higher
compressive strength when a larger amount of
supplied heat energy was provided. Mazumder and
Prasad [11] investigated the effect of preheating in
self-compacting geopolymer concretes by mixing
fly ash and alkali activator at room temperature and
then heating the mixture at 85°C for 15, 20, 25, and
30 minutes before combining it with the aggregate.
They determined that the preheated self-compacting
geopolymer concrete exhibited 31% higher
compressive strength than one cured at 60°C for 48
hours and achieved 99% energy savings.

Motivated by these findings and the limited
research available on the pre-heating method for the
production of alkali-activated slag (AAS) mortars,
the present study aims to investigate the effects of
pre-heating the alkaline activator, ground
granulated blast furnace slag, and fine aggregate to
temperatures reaching up to 65°C. The physical and
mechanical properties of the mortars will be
examined, and the microstructural changes of the
alkali-activated slags will be analyzed using FTIR
and SEM/EDX techniques.

2. MATERIALS AND METHODS
2.1. Materials

Ground granulated blast furnace slag, obtained from
Iskenderun Iron-Steel Plant, was used as the powder
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binder in this study. The chemical composition of
the slag is presented in Table 1. Detailed
information regarding the particle size distribution,

Table 1. Chemical composition of slag (wt.%) [12]

Cemal KARAASLAN

mineralogical structure, and physical properties of
the slag can be found in the study conducted by
Danish et. al [12].

Oxides CaO SiO; Al;,O3 Fe,03

MgO | NaO | K:0 SOs LOI

Slag 355 34.2 18.3 0.6

9.7 0.1 0.3 0.4 0.3

LOI: Loss on ignition

For the alkaline activation process, NaOH (98%
purity) and Na,SiOs (with a SiO2/Na,O weight ratio
of 2.04 and SiO; content of 24.5%) were utilized.
Solid NaOH particles were dissolved in pure water
to prepare a 10 M NaOH solution. The fine
aggregate used was CEN Standard Sand with a
maximum particle size of 2 mm, conforming to TS
EN 196-1 [13].

Table 2. Mix proportions

2.2. Specimen Production

The proportions of the alkali-activated mortar
mixtures are provided in Table 2. The Na,SiOz to
NaOH weight ratio was set at 2.5, the alkaline
activator to powder binder weight ratio was 0.60,
and the fine aggregate to powdered binder weight
ratio was 2.5 [14].

Mix ID NaOH (g) Na;SiOs (g) Slag (g) Sand (g) Heating temperature (°C)
PH25 25
PH50 92.6 231.4 540 1350 50
PH65 65

The NaOH solution (10 M) was prepared 24 hours
prior to its mixing with the Na,SiO3 solution. After
the resting period, the NaOH solution was added to
the Na,SiOs solution and stirred for 5 minutes. The
resulting solution mixture was then placed in a
sealed container and placed in a preheated oven at
the desired temperature. The standard sand and slag
were mixed for 3 minutes, and the mixture was
transferred along with the mixing bowl to the oven.
After a 2-hour waiting period, the materials were
removed from the oven. Subsequently, the alkali
activator mixture was added to the solid materials
in the mixing bowl and the mixing process
continued for 2 minutes. The fresh mixture was
immediately cast into 40 mm cube molds. The
molds were vibrated 60 times on a vibrating table to
eliminate entrapped air voids. Afterward, the
surface of the molds was cleaned, and the
specimens were left uncovered at the laboratory's
room temperature of 25 + 2°C. Following a 24-hour
curing period, the specimens were demolded and
left exposed in the laboratory until the testing day.
It should be noted that the specimens utilized to
determine the 8-hours compressive strength were
removed from the mold after 7 hours.

C.U. Miih. Fak. Dergisi, 38(4), Aral:k 2023

2.3. Experimental Methods

The bulk density and water absorption of the AAS
mortar specimens were determined according to the
TS EN 12390-7 standard, utilizing the 7-day
specimens [15]. It is noteworthy that the properties
of AACs can significantly vary with temperature;
hence, the specimens were tested without
undergoing drying in an oven. The compressive
strength of the AAS mortar specimens was
evaluated at the 8th hour, as well as on days 1, 3, 7,
and 28, using a 20 kN capacity cement compression
and flexural testing machine according to the TS EN
196-1 standard [13].

To evaluate the water resistance of preheated AAS
mortars, 3-day specimens were submerged in water
for 24 hours, followed by a 24-hour period of
storage in the laboratory environment. This cycle
was repeated once more, and the remaining
compressive strengths of the specimens were
measured. The change in strength serves as an
indicator of the water resistance of AAS mortars.
Each data presented in the physical and mechanical
test results are the average of four specimens.
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The Agilent Cary 630 FTIR (Fourier-Transform
Infrared) spectrometer, capable of operating within
the wavelength range of 4000-650 cm™, was
employed to observe the molecular bonding
structure of AASs. The ZEIS Gemini Sigma 300
scanning electron microscope (SEM) and energy-
dispersive X-ray spectroscopy (EDX) were utilized
to analyze the microstructure and chemical
compositions of the hardened mortar specimens.

3. RESULTS AND DISCUSSION
3.1. Physical Properties

The bulk density and water absorption of AAS
mortars are presented in Table 3. The bulk densities
of AAS mortars ranges from 2312.8 kg/m® to
2318.7 kg/m®. It can be observed that the bulk
density of AAS is not significantly affected by the
preheating process, as these values are quite close
to each other. Similarly, the water absorption values
of these specimens are also in close proximity.
Furthermore, the water absorption levels are found
to be very low.

Table 3. Physical properties of AAS mortars

Mix ID Bulk density | Water absorption
(kg/m®) (%)

PH25 2317.5 0.52

PH50 2318.7 0.46

PH65 2312.8 0.47

It is noteworthy that the PH50 specimens exhibit
higher bulk density and lower water absorption
compared to the others. This could be attributed to
the higher material temperatures, resulting in a more
fluid mixture and better compaction in the mold. It
may also be a consequence of improved slag
activation due to the higher material temperature.
The absence of such improvement in the mixture at
65°C can be attributed to its rapid solidification and
inadequate compaction in the mold due to the high
temperature effect. In fact, attempts were made to
produce AAS at temperatures above 65°C;
however, the high reactivity of the slag and the
instant solidification of the material at high
temperatures (Figure 1) hindered the investigation
of the effects of temperatures above 65°C.
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Figure 1. Solidification of the mixture with a
preheating temperature of 75°C during
the mixing process

3.2. Compressive Strength

The change in compressive strengths over time in
AAS mortars  with  different  preheating
temperatures is illustrated in Figure 2. All three
AAS mortars achieved approximately 60% of their
ultimate strength (considering the 28-day strength)
within the first three days and approximately 86-
88% within the first seven days. From this
perspective, it can be observed that preheating does
not make a significant difference. However, when
examining the strength development in the first
three days, it is evident that preheating significantly
contributes to the early strength.

70.0 7
60.0
50.0
40.0
30.0

20.0 1

Compressive strength (M Pa)

00 +—+—-"7—""—t+—+———+—+———
0 10 20 30

Sample age (days)
Figure 2. Strength development of AAS mortars
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Figure 3 illustrates the strength development of
AAS mortars preheated at 50°C and 65°C, along
with the relative change in strength compared to the
AAS mortar without preheating. It can be observed
that preheating at 50°C and 65°C resulted in
strength increases of 58.7% and 97.3% in eight
hours, and 24.4% and 24.3% in one day,
respectively. However, after three days, the
influence of preheating on strength diminishes
significantly. In terms of contribution to strength,
preheating at 65°C is more effective in the initial
hours but loses its effect after three days. Indeed, the
compressive strengths of this specimen at 7 and 28
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days were 2.0% and 1.3% lower, respectively, than
the compressive strengths of the specimen not
subjected to preheating. In Figure 1, it is evident
that the mixture preheated at 75°C solidified before
placement. Similarly, as shown in the image
provided in Figure 4, the effect of preheating at
65°C led to incomplete consolidation due to rapid
solidification during placement. The acceleration of
alkali activation and the significant increase in
strength in the initial hours can be attributed to the
effect of preheating at 65°C, but the inadequate
consolidation of samples due to rapid solidification
resulted in strength reduction after three days.

Preheated at 65 °C

70,0 7 110
60,0 1 o0 -
—_ 1 S
< 50,0 1 £
VT k=)
%’ ] 1708
=1 1 =
2400 T e
7 ] 150 e
23001 &
72 o
8 ] 4 30 £
S 1 2
§ 20,0 : £
4 [«5)
1 4 4

100 1 10

0,0 - } } } } -10

8hour lday 3day 7day 28day
Sample age

Figure 3. Strength development and the effect of preheating on the strength increase of AAS mortars

On the other hand, preheating at 50°C not only
increased the early strength but also resulted in a
6.3% increase in ultimate strength. Considering the
contribution to strength, preheating at 50°C
provides a significant contribution both in the early
stages and at the ultimate strength. The traditional
method of thermal curing for AAS/geopolymer
concrete requires curing at mild temperatures (40-
90°C) for several hours to a few days [16]. This
method not only eliminates the possibility of in-situ
casting of AAS/geopolymer concrete but also leads
to significant energy consumption. The proposed

C.U. Miih. Fak. Dergisi, 38(4), Aral:k 2023

method will increase the in-situ casting capabilities
of AAS/geopolymer concrete by utilizing an asphalt
plant commonly used in the construction of hot mix
asphalt pavements. This approach will also result in
shorter curing times and relatively lower curing
temperatures, leading to significant energy savings
[11]. Moreover, the utilization of preheated
materials in the production of AAS will result in
increased early-age strength, enabling early
opening to traffic for concrete pavement and
providing protection against early frost damage.
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Figure 4. Incomplete consolidation of specimens
preheated at 65°C.

The SEM images of AAS mortars with preheating
temperatures of 25°C and 50°C were observed on
7-day specimens and presented in Figure 5. As
shown in Figure 5a, there is less adhesion between
the hardened AAS paste and the aggregate in the
AAS mortar with a preheating temperature of 25°C.
In contrast, the AAS mortar with a preheating
temperature of 50°C exhibits better bonding at the
paste-aggregate  interface.  Moreover, when
examining the hardened paste regions at the same
scale (Figure 5b), wide cracks are observed in the
AAS mortar with a preheating temperature of 25°C,
while a denser matrix with fine cracks is present in
the AAS mortar with a preheating temperature of
50°C.

At higher magnifications (Figure 5c), it can be
observed that the reaction products in the AAS
mortar with a preheating temperature of 50°C fill
the existing cracks, which are evident in the AAS
mortar with a preheating temperature of 25°C. This
phenomenon explains the higher strength of AAS
mortars with a preheating temperature of 50°C. It is
well known that a moderate curing temperature
improves the mechanical properties and
microstructure of alkali-activated cements and
geopolymer binders [1,16].

3.3. Water Resistance

Figure 6 presents the remaining compressive
strengths of the alkali-activated slag (AAS) mortars
after 2 wetting-drying cycles. It can be observed
that the compressive strength of AAS mortars
subjected to wetting-drying cycles has increased
compared to the compressive strength at 3 days. In
fact, the compressive strength of these specimens is
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slightly higher than that of the specimens cured in
dry conditions for the same duration (7 days). The
compressive strength of AAS mortars with
preheating temperatures of 25°C, 50°C, and 65°C,
exposed to wetting-drying cycles, has increased by
approximately  14.9%, 18.9%, and 26.0%
respectively in 4 days compared to the specimens
kept in dry conditions. The higher increase in
compressive strength for the AAS mortar with a
preheating temperature of 65°C can be attributed to
the faster hardening of the mortar at this
temperature, preventing the dissolution of certain
precipitates (such as Ca?*) in the slag. These
precipitates dissolve and react in the aqueous
(alkaline) environment, contributing to the
observed strength enhancement. It is important to
note that these reactions are primarily hydration
reactions, with the main product of hydration being
the formation of the C-S-H gel. This gel
significantly contributes to the increase in strength
observed in the AAS mortar.

Figure 7 presents the FTIR spectra of alkali-
activated slag (AAS) specimens with preheating
temperatures of 25°C and 50°C, as well as AAS
subjected to wetting-drying cycles with a
preheating temperature of 50°C. It can be observed
that these three samples exhibit highly similar FTIR
spectra. However, with a preheating temperature of
50°C, the hump at 965 cm%, which is a significant
fingerprint associated with the asymmetric
stretching functional group of Si-O-T (T: Si, Al
tetrahedral) in  AAS/geopolymer  materials,
becomes more pronounced. This indicates that the
alkali activation of slag further progresses due to the
heat provided by the preheated materials.

On the other hand, an interesting observation is that
the asymmetric stretching vibration band of Si-O-Si
(Al) shifts towards a higher wavenumber,
specifically from 965 cm™ to 969 cm, indicating
an increased wave number for the AAS specimens
with a preheating temperature of 50°C in a water
environment. This shift is attributed to the increase
in Si/Al ratio in the reaction products. The released
Ca?* ions from unreacted slag particles undergo a
reaction with SiOs* ions derived from sodium
silicate solution, resulting in the formation of C-S-
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H gel products and a densified matrix [17,18]. The  strength enhancement observed in Figure 6.
densification of the matrix contributes to the

25°C 50°C
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Figure 5. SEM images of AAS mortars with preheating temperatures of 25°C and 50°C
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The resistance of an alkali-activated cement or
geopolymers against water effects is one of the most
crucial indicators in determining its suitability as a
construction material [19, 20]. The fact that AAS is
not negatively affected by water effects highlights
its significance as a viable construction material. Its
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ability to withstand the detrimental effects of water
enhances its potential for structural applications.
Additionally, the water resistance of AAS
contributes to its long-term durability, making it a
promising alternative to traditional cement-based
materials in sustainable construction practices.
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4. CONCLUSION

In this study, the effects of preheating on the early
strength development of alkali-activated slag
(AAS) mortars were investigated. The results
demonstrated that preheating the materials before
mixing significantly influenced the early strength of
AAS mortars. Preheating at 50°C resulted in a
58.7% increase in strength within eight hours, and a
6.3% increase in ultimate strength. Preheating at
65°C showed higher early strength in the initial
hours but led to strength reduction after three days
due to rapid solidification. Microstructural analysis
using SEM and FTIR revealed that preheating at
50°C improved the bond between paste and
aggregate, reduced microcracks, and promoted
enhanced alkali activation, indicating denser matrix
formation. Furthermore, FTIR analysis confirmed
the occurrence of hydration reactions (resulting in
the formation of the C-S-H gel) in AAS mortars
upon contact with water.

In conclusion, the utilization of this proposed
method not only significantly enhances the early
strength development of AAS but also provides
better opportunities for in-situ casting of concrete.
Additionally, it offers energy savings, making
positive contributions to construction practices.
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Oz

Geleneksel dermoskopik cihazlarin pahali olmasi nedeniyle ulasilabilirliginin diisiik olmasi ve uzman
hekimlerin mesleki deneyimlerinin yeterli olmayisi cilt kanserinin erken teshisinde en engelleyici
faktorlerdir. Ancak bu alanda daha oOnce yapilan caligmalar, ¢ekim sirasinda daha az uzmanlik
gerektirdiginden daha ekonomik ve pratik olan dijital benzerlerinden ziyade agirlikli olarak yiiksek kaliteli
dermoskopik goriintiilere odaklanmistir. Bununla birlikte, giiriiltiiniin yiiksek varligi nedeniyle tanida
bunlarin kullanimi zordur ve bu da zahmetli bir filtreleme islemine neden olur. Filtrelemeyle ilgili en biiyiik
zorluklardan biri, renk, sekil ve kalinliktaki biiyiik farkliliklar nedeniyle kilin temizlenmesidir. Kil
temizligi, teshisin kendisini sabote edebileceginden teshis i¢in ¢ok dnemli olan verilerin siki bir sekilde
korunmasini dikkate alan kapsamli bir yaklasim gerektirir. Makalede bu amag¢ i¢in tasarlanan iki yeni
filtrenin ana hatlar1 verilmekte ve bu alanda yaygin olarak kullanilan iki filtreye gdre performanslar
incelenmektedir.

Anahtar Kelimeler: Cilt kanseri, Kil temizleme, Dijital goriintii, Filtreler

Two Novel Filters for Cleaning Medical Images from Hair in Skin Cancer
Diagnosis

Abstract

Low accessibility of traditional dermoscopic devices, since they are still expensive, as well as the lack of
professional experience of expertized physicians, are the most obstructive factors in early diagnosis of skin
cancer. Nevertheless, previous studies in this field have focused mainly on high-quality dermoscopic
images rather than their digital counterparts, which are more economical and practical as they require less
expertise during capturing. However, their exploitation in diagnosis is challenging due to the high presence
of noise, resulting in an exhausting filtering process. One of the main difficulties regarding filtering is hair
cleaning due to the wide variations in colour, shape, and thickness. Hair cleaning requires a comprehensive
approach considering stringent data conservation, which is crucial in diagnosis as it may sabotage the
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diagnosis itself. The paper outlines two novel filters designed for this purpose and examines their
performance with respect to two filters, which are extensively used in this field.

Keywords: Skin cancer, Hair removal, Digital image, Filters

1. GIRIS

Kanser; viicudun yapitagt olan hiicrelerin bir
anomali oldugunda veya yaglandiginda olmeleri
yerine hizla boliinmeye devam ederek timor adi
verilen kiimeler olusturmasi ve/veya komsu organ
veya dokulara yayilmasi sonucu ortaya ¢ikan ve
yaklagik 200 alt tiirden olugan bir hastalik grubudur.
Kanser hastalifi diinya capinda onemli bir halk
saglig1 sorunudur ve yakin gelecekte bu sorunun
artarak devam edecegi konusunda giiglii emareler
oldugu bildirilmektedir. Diinya Saghk Orgiitii
(WHO)- Uluslararas1 Kanser Arastirma Ajansi’nin
GLOBACON Aralik 2022 yilinda yayinlanan ve
Tiirkiye Cumhuriyeti’ni de kapsayan raporuna gore,
en son islenmis 2020 yilinda yeni yillik vaka sayis1
19,5 milyona ulastigimn1 ve bu sayr 2040 yilina
gelindiginde 29,4 milyona ulagmas: beklendigi
bildirilmektedir [1,2].

Gecemisteki raporlar incelendiginde; cilt kanseri
yakin zamana kadar hem insidans hem de mortalite
bakimindan diger kanser tiirlerine gére daha diistik
oldugu gozlemlenmektedir. Ancak siralamada bazi
yanligliklar oldugu ve bunun baslica sebeplerinden
birinin ise melanoma digindaki tiirlerin giivenilir
sekilde  kaydedilmemesinden  kaynaklandig:
diistiniilmektedir. Bilim insanlarmin dikkat
¢ekmeye calistiklart bagka hususlar ise; kanserin
zamanla, gesitlilik, egilimler ve 6riintli bakimindan
degisebilirligini ve kiiresel bakimdan prevalanstaki
varyasyonlar olmasidir [2-5]. Bu anlamda 6zellikle;
Avustralya, Amerika Birlesik Devletleri ve Kanada
gibi geligmis tilkelerdeki cilt kanserlerinin goriilme
sikligmin artmasina dikkat c¢ekilmektedir. Bu
kaygilarin yersiz olmadigini gosteren Amerikan
Kanser Derneginin (ACS) yillik raporunda
Amerika Birlesik Devletlerinde melanoma tek
basina besinci siraya yiikselirken, tim tiirleri
birlikte ele alindiginda, cilt kanseri birinci siraya
yerlesmektedir [6]. Cilt kanseri agirlikli olarak
gelismis tilkelerde goriilse de saglik hizmetlerine
erisimin daha iyi olmasi nedeni ile 6lim oranlari
daha digiiktiir.
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Tim kanser tiirlerinde oldugu gibi; erken teshis,
yalnizca daha konforlu tedavinin kapisini agmakla
kalmaz; ayn1 zamanda hastaligin seyrini de dnemli
Olgiide degistirebilmektedir. Hayati 6neme sahip
olmasi ve uzun vadede saglik sistemi igin daha
tasarruflu olmasina ragmen, bilhassa az gelismis
tilkelerde zaten zayif olan saglik sistemlerine kisa
vadede yiik bindirmesi nedeniyle periyodik kitlesel
tarama programlarmin azligi, arag gere¢ pahali
olusu, hekim mesleki deneyiminin azliginin yani
sira lezyon tiplerinin benzerligi, erken teshisin
oniindeki 6nemli engellerdendir. Lezyon teshisinin
ilk adim1 dermatolog tarafindan yapilan ve siipheli
durumda dermatoskop adli mikroskop ile
desteklenen gorsel incelemesidir. Bu cihaz teshis
sirasinda dermatologun ¢iplak goz ile belirlenmesi
zor olan yapilar1 gorerek daha dogru bir tespit
yapmasint saglayip, lezyonlarin fotograflarini
¢ekerek elektronik ortamda depolanmasina da
olanak saglar. Bazi arastirmalar dermatoskop
kullanim: melanoma tanisinda dogruluk oraninin
%65’ten %80'a kadar yiikselttigini gostermektedir
[7]. Ancak, bu cihazin maliyetli olmasi ve
kullanimmin ~ uzmanlik  gerektiriyor  olmasi
yayginlagsmasint engelleyip erken teshis siirecini
zorlastirmaktadir. Bu sebeplerden dolay1 daha ucuz,
basit, ulasilabilir ve hekim hatalarindan arinmis
erken teshis siirecine ihtiyag duyulmaktadir. Bu
baglamda son zamanlarda makine 6grenmesi, derin
O0grenme ve yapay zekd gibi bilgisayar destekli

uygulamalardaki  gelismeler  biitin = medikal
alanlarda oldugu gibi cilt kanseri goriintiilerinin
smiflandirilmasinda da biiyiik katkilar

saglamaktadir [7-9].

Gecmis c¢aligmalar incelendiginde, cilt kanseri
teshisinde  yapilan  calismalarin  neredeyse
tamaminda dermoskopik goriintiiler kullanilmistir.
Bunun baslica nedeni hem say1r hem de cesitlilik
bakimindan zengin olmasinin yani sira veri kalitesi
bakimindan daha iyi olan dermoskopik veri
setlerinin kolay ulasilabilir olmasidir. Bir baska
hususu ise dijital resimlerin hem daha giiriiltiili
hem de giiriiltii ¢esitliligi bakimindan daha zengin
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olmasindan kaynaklanan filtreleme isleminin daha
zor olmasidir. Bu anlamda; 151k yansimasi, kil ve
hava kabarcig1 gibi giirtiltiilerin var olusu cilt kanser
teshisinde dijital goriintii kullanilmasinin en biiyiik
engellerindendir. Goriintli  kullanarak yapilan
bilgisayar tabanli uygulamalarda goriintiilerdeki
lezyonlarin  6zgiinliigli, dokular1 ve yapilarn
korunmasi amaglanarak; kil, hava kabarcigi gibi
giiriiltilleri yok etmek dogru teshis i¢in 6nem
tagimaktadir. Bu konuda bilinen ilk ¢alisma Lee ve
arkadaslar1 tarafindan 1997°de yapilan Dullrazor
adli algoritmadir. Bu algoritmada killarin
lokasyonlarini bulmak igin ii¢ farkli yonlendirilmis
yap1 elemant1 yardimiyla morfolojik kapanim islemi
uygulanmistir. Gorlintiiden ¢ikarilan kil pikselleri
ise  bilineer  enterpolasyon  yontemi ile
doldurulmustur. Ancak bu algoritma agik renkli
ciltteki koyu renkli killar1 temizleyebilirken agik
renkli killarda istenilen basariya sahip degildir [10].

Yaklasik on yil sonra ise ince tiiylerin tespitini
DullRazor'dan daha iyi gergeklestiren yeni bir
algoritma tanimlandi. Bu ¢alismada, gri tonlamali
goriintiilerde hem kalin hem de ince killar
tanimlamak i¢in morfolojik kapanim tabanli top-hat
operatorleri kullanilmistir. Daha sonra bu ¢alismada
Onerilen uzatma fonksiyonu araciligiyla kil
bolimleri ¢ikarilmigtir. Son olarak, goriintiiniin
dogrusal geometri 6zelliginin daha iyi korunmasi
icin kismi diferansiyel denklem tabanli i¢
boyamadan yararlanilmigtir [11]. Huang ve
arkadaglari tarafindan yapilan bir ¢aligmada dijital
lezyon goriintiileri kullanilmis olunup; ince killar
temizlemek i¢in retina damarlarini segmentlere
ayirmada kullanilan ¢ok 6l¢ekli uyumlu filtrelerin
kullanimi  onerildi. Daha sonra, sa¢ rengi
piksellerinin kismi verilerinden sa¢ tikanmalarinin
eksik piksel degerleri, dogrusal diskriminant analizi
(LDA) ve bolge biyiitme algoritmalari ile
kurtarilmistir [12]. Ek olarak VirtualShave, kismi
diferansiyel denklem (PDE) tabanli i¢ boyama
uygulandiktan sonra killar blackhat filtresi
araciligiyla belirlenmistir. Deneysel sonuglara gore,

bu c¢alismada killar etkili bir sekilde yok
edilmektedir [13].
Onceki calismalardan farkli olarak Attia ve

arkadaglar1 tarafindan bir dizi kil segmentasyon
yontemi uygulanarak elde edilen zayif etiketli
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verilerle egitilmis, evrisimli ve tekrarlayan
katmanlar1 igeren hibrit bir ag onerilmistir. Diger
dijital kil temizleme yontemlerinin aksine bu
calismada kullanilan segmentasyon isleminde tiim
renk  kanallarindan  faydalanmilmistir  [14].
Ulkemizde ise Akyel ve arkadaslar1 tarafindan 2020
yilinda geleneksel goriintii isleme yontemleriyle
0zgiin maskeler olusturulmus ve U-net yapisi bu
maskelerle egitilmistir. Dullrazor algoritmasi ile
karsilastirildiginda bu ¢aligmada daha yiiksek basari
orani elde edilmistir [15]. Yine ayni aragtirmacilarin
2022 yilinda yaptiklart ¢alismada dermoskopik
goriintiiler 224x224x3 olarak yeniden
boyutlandirilmistir. Daha sonra sirasiyla adaptif
filtre, medyan filtre ve morfolojik operasyonlar
sonucu elde edilen maskelerle FCNS8 yapisi
egitilmistir [16].

Bu c¢aligma; herhangi bir telefon kamerasiyla
cekilebilen  lezyon  fotograflarindan  dijital
goriintiilerden olusan yeni veri setinde kil, hava
kabarcig1 gibi giiriiltiilerden kurtulmakta kullanilan
2 adet yeni filtre tasarlanmistir ve tasarlanan
filtrelerin performansi ¢aligmalarda sikga kullanilan
iki filtre ile kiyaslanmustir.

2. YONTEM
2.1. Veri Seti

Caligmamizda kullandigimiz veri setindeki dijital
resimler Adana Alparslan Tiirkes Universitesi
Bilimsel Arastrma ve Yaym Etigi Kurulunun
(15.01.2021 tarihli ve 346 kurum sayili karar) izini
ile toplanmistir. Veri setinde; 57 adet bazal hiicreli
karsinom, 3 adet skuamdoz hiicreli karsinom, 39 adet
seboreik keratoz, 10 adet dermatofibrom, 290 adet
nevils ve 41 adet melanom lezyonlarindan olusan
toplam 440 adet dijital goriintii bulunmaktadir.

2.2. Filtrelemeye Genel Bakis

Goriintii filtreleme goriintiiniin piksel degerlerinin
degistirilerek yeni bir goriinti elde edilmesidir.
Filtreleme goriintiilerdeki giiriiltiilerden kurtulmak,
kontrast1 ayarlamak, istenilen bilgiyi (kenar, doku)
cikarmak gibi islemler i¢in kullanilmaktadir. Cilt
kanseri goriintiilerinde insan dogast geregi killar
lezyonun cesitli kisimlarinda bulunabilmektedir.
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Bundan dolay1 bu goriintiiler islenirken lezyonun
formu tam olarak belirlenememekte ve cilt kanseri
teshis programlarinda yanlis teshis konulmasina
neden olabilmektedir.

Kil temizleme filtreleri ise killarin temizlenip cilt
kanseri teshis programlarinda teshis dogrulugunu
arttirmak i¢in kullanilmaktadir. Sekil 1°de orjinal
goriintiiye kil temizleme filtre uygulamasinin genel
bir semas1 bulunmaktadir.

S

Orjinal .I Kil temizleme l ‘ Filtrelenmis

giiriintii | filtresi giiriintii
e ——

Sekil 1. Kil temizleme filtrelerinin genel diyagrami
Ideal bir kil temizleme filtresi; kil piksellerinin
tamamini yok ettikten sonra bu pikselleri lezyonun
dokusuna uygun Dbir bicimde degisimini
saglamalidir. Literatiirde yaygin olarak kullanilan
dermoskopik goriintiiler oldugu i¢in uygulanan
filtreler bu yiiksek kaliteli goriintiilere uygun
sekilde tasarlanmistir. Ancak dijital kamera ile

cekilmis lezyon goriintiilerine uygun yeterli bir
sayida filtre ¢alismasi bulunmamaktadir. Bu
caligmada filtreler Kkarsilastirilirken  kullanilan
dermoskopik goriintii ISIC 2019 veri setinden
[9,17,18], dijital goriintii ise Amerikan Kanser
Toplulugu’nun (American Cancer Society) internet
sitesinden [19] alinmistir.

2.2.1. Onceki Calismalarda Kullanilan Filtreler

Bu caligmada sonuglart kiyaslamak ig¢in benzer
caligmalarda siklikla kullanilan Dullrazor ve
evrisimsel sinir ag1 tabanli cilt kanseri teshis
sistemlerinde kullanilan goriintiilerin ~ goriintii
kalitesinin arttirilmasinda kullanilan bir 6n resim
isleme yontemi kullanmigtir [10,20]. Bu iki filtre
daha kolay karsilastirilabildikleri i¢in segilmistir.
Goriintilleme o6ncesinde yapilan jiletle killar
temizleme yontemi ise hem maliyetli hem de zaman
kayb1 olmasindan dolayr 1997 yilinda Lee ve
arkadaslar1 tarafindan Dullrazor adli dermoskopik
resimlerdeki killart yok edebilen bir algoritma
gelistirilmistir.

[
|
|
I
|
|
I
I
|
|
|

Morfolojik Kapanim
Iglemi

Enterpolasyon

.

Adaprif Medyvan

Filtre
| SERS i T )
(2)
o
Gri ton déniyimi > ic bovama
Blackhat transform Medyan filtre
g Yeniden
Evikleme boyutlandirma
(b

Sekil 2. (a)Dullrazor algoritmasinin dermoskopik (yukarida) ve dijital gorlintiiye (asagida) uygulanmasi
(b)Kullanilan diger algoritmanin dermoskopik ve dijital goriintitye uygulanmasi
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Sadece koyu renkli killarin yok edilmesini
amaglayan bu algoritma ii¢ asamadan olusmaktadir.
flk asamada amac koyu renkli killarm yerlerini
tespit etmektir. Bunun igin 0°, 45° ve 90°lik agilara
sahip olan {i¢ farkl1 yap1 eleman1 kullanilarak gri ton
morfolojik kapanim islemi uygulanmis, esikleme
islemi ile ikili goriintii elde edilmistir. Bir sonraki
asamada ise Onceki adimda elde edilen ikili kil
maskesi kullanilarak enterpolasyon metoduyla
goriintiideki kil piksellerinin yerine kil olmayan
komsu piksellerin degerleri almarak killarin yok
edilmesi amag¢lanmistir. Son olarak ise elde edilen
resim adaptif medyan operatorii kullanilarak
plriizlestirilmigtir. Ancak bu algoritmanin kil
yogunlugunun ¢ok fazla oldugu goriintiilerde basari
oran1 ¢ok distiktir [10]. Sekil 2°de bu filtrenin
yapist ve filtreden elde edilen sonuglar
gosterilmistir. Bu algoritma sekilde de goriildiigii
lizere dermoskopik resimde daha basariliyken
dijital resimde ise lezyonun dokusunu bozmustur.
Bu c¢alismada kullanilan ikinci filtre ise
tasarlanirken dermoskopik gdriintiilerdeki killart
yok edip, goriintii kalitesini yiikselterek bilgisayar
tabanli cilt kanseri teshisinde daha iyi bir sonug
almak hedeflenmistir. Bu filtrede ISIC 2019
yarigmasi i¢in hazirlanan veri seti kullanilmustir.

Eski caligmalarda siklikla kullanilan diger bir filtre
olan ikinci filtrede, resimlere blackhat doniisiimii
uygulanarak killarin lokasyonlari belirlenmistir.
Daha sonra ise esikleme ile kil maskesi olusturulup
ic boyama yontemi ile killar goriintiilerden
temizlenmistir. En son adimda ise medyan filtre
kullanilarak goriintiiler giiriiltiilerden arindirtlmis
ve bilgisayar tabanli teshis programi i¢in yeniden
boyutlandirilmigtir [20]. Sekil 2’de bu filtrenin
adimlarinin  oldugu diyagram ve uygulandigi
goriintiilerin sonuglart verilmis olunup,
dermoskopik resimde, filtre uygulanan lezyon
tizerindeki  killarin  gozle goriilir derecede
azalmigtir ancak dijital resimdeki killarin iyi
temizlendigi ve lezyon goriintiisiiniin bulanik
oldugu goriilmektedir.

2.2.2. Tasarlanan Filtreler
a. Blackhat Tabanh Kil Temizleme Filtresi

Bu ¢alismada gelistirilen ilk filtre blackhat tabanl
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kil temizleme filtresidir. Bu filtrede sirasiyla dijital
goriintiideki giiriiltliyli temizlemek i¢in Wiener
filtresi, killarin lokasyonlarini belirleyebilmek i¢in
blackhat doniisimii daha sonrasinda killar ile
goriintli arasindaki kontrasti arttirmak igin kontrast
sinirlamali  adaptif histogram esitleme filtresi,
killarin maskesini elde etmek icin adaptif ortalamali
esikleme ve son olarak dijital goriintideki kil
piksellerinin yerini doldurmak i¢in i¢ boyama
yontemi  kullanilmistir.  Yukarida  bahsedilen
blackhat tabanli filtrelerden farkli olarak bu filtrede
blackhat isleminden sonrasinda elde edilen goriintii
ile Wiener filtresi uygulanan goriintii arasindaki
fark alinmaktadir. Bu sayede goriintiideki killarin
belirginligi daha da artmistir. Ham dijital
goriintiilerin derin 6grenme tabanli kanser teshis
algoritmasinda daha giivenilir sonu¢ verebilmesi
icin oncelikle her iki filtremizin ilk adimi olarak
resimler yeniden enterpolasyon yontemi ile
boyutlandirilip daha sonrasinda ise Wiener filtresi
kullanilmustir.

Wiener filtresi istatiksel bir yaklasima sahip bir
filtredir. Istenen frekans tepkisi igin tasarlanan
geleneksel filtreler aksine Wiener filtresi
uygulanirken; orijinal sinyalin ve giiriiltiinlin
spektral o6zellikleri hakkinda bilgi sahibi oldugu
varsayilmaktadir. Bu filtreyle, filtrelenmis sinyalin
orjinal sinyale miimkiin oldugunca yakin olmas;
aralarindaki ortalama kare hatasmm minimum

diizeyde olmasi istenmektedir [21]. Bu hatanin
Ol¢limii ise Esitlik 1 ile 6l¢tilmektedir.

22
e2=E{(f-f)’} (1)

Bu esitlikte E{.} argiimanin beklenen degerini
temsil ederken, £ bozulmamus goriintiiyii ve f
filtrelenmis goriintiiyii temsil etmektedir. Goriintii
ile giiriiltiiniin birbirlerinden bagimsiz oldugu, her
ikisinden birinin sifir ortalamasinin oldugu ve
filtrelenmis goriintiideki gri diizeylerin bozulmus
goriintiiddeki diizeylerin lineer fonksiyonu oldugu

varsayimlart  yapildiginda  Esitlik 2 elde
edilmektedir.
= 1 |H(uv)|?
F(uv) = ~|G(u,v 2
( ) H(u,v) |H(u,v)|2 +§;1((’:'V)) ( ) ( )
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Bu esitlikte

|H (u, 17)|2 bozulma fonksiyonun konjugesi ile
carpimini, Sy (u, v) giiriiltiiniin gli¢ spektrumunu ve
S (u, v) bozulmamis griintiiniin gii¢ spektrumunu
temsil etmektedir [22]. Bu ¢aligmada ise alternatif
olarak goriintliniin arka kosullu yasasinin, giiriltii
giiclinlin ve goriintii frekans giicliniin 6rneklerini
¢eken yinelemeli bir Gibbs drnekleyicisine dayanan
gozetimsiz Wiener algoritmast kullanilmigtir [23].
Daha sonrasinda ise giiriiltiiden arindirilan dijital
lezyon  goriintillerine  blackhat  doniisiimii
uygulanarak killarin yerleri tespit edilmeye
calistlmistir. Bir goriintiiniin morfolojik kapanimi
ile bu goriintiiniin orjinal hali arasindaki farkindan
olusan goriintii orjinal goriintiiniin  blackhat
dontisimiidir. Esitlik 3’te matematiksel olarak
denklemi verilmistir.

H(u,v) bozulma fonksiyonu,

Ty(f)=fob—f A3)

Bu esitlikte f orijinal goriintiiyii, b yap1 elemanini
ve "o" morfolojik kapanim operatoriinii temsil
etmektedir. Blackhat doniistimiinde yap1 elemanin
yapisal Ozellikleri tespit edilmek istenen objeye
gore se¢ilmektedir. Doniisiim sonucu goriintiide ise
yap1 elemanindan daha kiigiik ve ¢evresinden daha
koyu objeler ortaya ¢ikmaktadir. Resim iglemede;
g6z damarlarini, cilt lezyonunu ve kanserli meme
dokusunu tespit etmek gibi birgok kullanimi
bulunmaktadir [24]. Resimdeki killarin daha da
belirginlesmesi i¢in gri tonlu goriintiiden blackhat
doniisiimii  sonucu elde edilen resim ¢ikarilip;
kontrast sinirli  adaptif histogram  esitleme
(CLAHE) teknigi uygulanmistir. Medikal bir¢ok
alanda kullanilan bu goriintii iyilestirme tekniginde;
goriintii homojen ve kesigmeyen alt bolgelere ayrilir
ve bu bolgelerin histogramlar: hesaplanip, alt
bolgelerin smirlarindaki diizensizligi yok etmek
icin enterpolasyon uygulanmaktadir.

Histogramlar1 kirpmak i¢in; kontrast genislemesi
amaciyla istenen sinira dayali olarak, bir kirpma
limiti elde edilir. Daha sonra elde edilen
histogramlar istenilen kirpma limit degerini
gecmeyecek sekilde yeniden pay edilir ve gri
tonlamali  haritalama i¢in kontrastla smirli
histogramlar icin kiimiilatif dagilim fonksiyonlari
(CDF) wuygulanir [25]. Goriintii  kontrastini
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arttirmak amaciyla meme mamografilerinde, hiicre
segmentasyonunda, kemik kirigt tespiti gibi
medikal uygulamalarinin  yam1  sira  tarim
sistemlerinde, meyve segmentasyonunda ve siiriis
sistemlerinde ~ yaya veya ara¢ tespitinde
kullanilmaktadir ~ [26-29].  Goriinti  isleme
yontemlerinden biri olan esikleme resimdeki
istenen nesnenin maskesinin olusumunu; belirlenen
sabit piksel esik degerinin altindaki piksel degerleri
siyah, istiindeki piksel degerleri ise beyaz piksel
olarak degistirilerek saglamaktadir.

Bu calismada ikili kil maskesini elde etmek igin
kiiresel esikleme yonteminin yetersiz oldugu
diizensiz arka plan aydinlatmasi olan goriintiilerde
kullanilan adaptif esikleme yontemi kullanilmistir.
Kiiresel esikleme yontemlerinde, segilen esik degeri
tim resme uygulanirken; adaptif esikleme
yontemlerinde her pikselin  komsusu olan
piksellerin bir veya daha fazla belirlenmis
ozelligine dayali olarak goriintiideki her noktada bir
esik degeri hesaplanir. Bu c¢aligmadaki esikleme
yonteminde ise, komsu piksellerinin alan
degerlerinin ortalamasindan sabit bir degerin
cikarilmasiyla elde edilmektedir [30].

Kil temizlemede en sik kullanilan bir diger yontem
ise i¢c boyamadir. Bu ydntem sayesinde
goriintiilerdeki komsu piksellerden gelen bilgiler
kullanarak  istenmeyen  nesneler  ortadan
kaldirtlirken ayni zamanda goriinti  biitinligi
yeniden saglanir. Dijital resimlerden nesne, metin
¢ikarma, yeniden goriinti olusturma ve video
restorasyonu gibi bir¢ok uygulamasi
bulunmaktadir. Dermoskopik goriintiilerde; killarin
temizlenmesi i¢in yapilan caligmalarda dogrusal
enterpolasyon metotlarin, kismi diferansiyel
denklem (PDE) bazli difiizyon metotlarin ve drnek
tabanli yontemlerin kullanildig1 goriilmektedir. Bu
calismada diger bilinen yontemlerin aksine daha
hizlt oldugu i¢in hizli yiirlime temeline dayali i¢
boyama tercih edilmistir.

Goriintii gradyan1 boyunca bir goriintii diizgiinligii
tahmin edicisinin yayillmasina dayanan bu teknik;
goriinti  diizgiinliiglinli, i¢ boyama yapilacak
pikselin bilinen bir goriintii komsulugu {izerinden
agirlikli  ortalama olarak tahmin eder. Eksik
bolgeleri seviye kiimeleri olarak ele alinir ve
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goriintii bilgisini yaymak i¢in hizli yiiriiytis yontemi
(FMM) kullanilir [30,31]. Sekil 3’te hem blackhat
tabanl kil temizleme filtresinin diyagrami hem de
uygulandigi gorintiiler verilmistir. Dermoskopik

Berceste YILMAZ, Amira TANDIROVIC GURSEL

goriintiide killarin tamami temizlenmemis olsa da
lezyon biitiinligii korunmaktadir; dijital gérintiide
ise kil temizlemede daha Dbasarili oldugu
goriilmekte ve ayrica lezyon yapisini korumaktadir.

Sekil 3. (a) Calismada tasarlanan blackhat tabanli kil temizleme filtresinin uygulanmasi. (b) Caligmada
tasarlanan Laplace of Gaussian (LoG) tabanl kil temizleme filtresinin uygulanmasi

b. Laplacian of Gaussian (LoG) Tabanh Kil
Temizleme Filtresi

Bu c¢alismada gelistirilen ikinci filtrede ise ilk
gelistirilen filtredeki killarin lokasyonlarini tespit
etmek igin kullanilan blackhat doniisiimii yerine
Laplace operatorii  kullanilmistir. Fakat bu
operatoriin giiriiltiiye hassas olmasindan dolay1
oncesinde Gauss filtresi uygulanmaktadir. Kenar
tespit yontemlerinden biri olan Laplace operatdrii
ikinci tiirev tabanli kenar operatorii olup; yalnizca
gradyan degerlerinde yerel maksimumlara sahip
noktalar1 kenar noktalari olarak tespit etmektir.
Boylece kenar noktalarinda birinci tiirevde bir tepe

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023

noktasi ve ikinci tiirevde sifir gegis elde ederiz.
Dolayistyla ikinci tiirevin sifir gegise sahip oldugu
noktalar kenar noktalari olarak kabul edilir. Laplace
hesaplamasiyla ikinci tirev Esitlik 4’teki gibi
belirlenmektedir [31,32].

PPp =Ly 0L 2 (90), 0 (o) 4)

T ax2  ay2  ax \ax/) ay \ay

Yukaridaki esitlik tekrar yazilirsa;

V=0, (fx+1y) - flx, )+
7,y +1) —f(xy) (5)
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Esitlik 5 elde edilir. Daha sonrasinda ise;

VF=fx+1,)+ fx—1,y) +flo,y+

Yukarida gosterilen ifadeye ulagilmaktadir. Sekil
3’te dermoskopik goriintiiye filtre uygulandiginda
killarin goriiniimiiniin azaldig1 ancak tam olarak
temizlenemedigi goriilmiistir. Dijital goriintiiye
uygulandiginda ise lezyon yapisinin kismen

bozuldugu ancak killarin temizlendigi
goriilmektedir.
Ornek 1 Ornek 2

=

=

=

t

E

=

g

=

=

en B

£

E

-

£

E

3. ARASTIRMA BULGULARI

Omek calismalar agik veri setlerde yapildiktan
sonra  kullanilan filtreler toplanan  dijital
goriintiilerde denenmistir. Sekil 4’te veri setindeki
dort adet goriintilye bu c¢aligmadaki filtrelerin
uygulama sonuglar1 verilmektedir. Veri setindeki
orijinal goriintiilere uygulanan Filtre 1 olarak
adlandirilan Dullrazor [10], Filtre 2 olarak
adlandirilan blackhat tabanli filtre [20], Filtre 3
olarak adlandirilan ¢alismada tasarlanan blackhat
tabanli kil temizleme filtresi ve Filtre 4 olarak
adlandirilan ¢aligmada tasarlanan LoG tabanli kil
temizleme filtrelerinin sonuglaridir.

k Ornek 4

Sekil 4. Toplanan dijital goriintiilerden rastgele secilmis 4 6rnekte Filtre 1 olarak Dullrazor [10], Filtre 2
olarak blackhat tabanli filtre [20], Filtre 3 olarak caligmada tasarlanan blackhat tabanli kil
temizleme filtresi ve Filtre 4 olarak ¢alismada tasarlanan LoG tabanli kil temizleme filtrelerinin

sonuglart
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flk siitundaki goriintiilere baktigimizda killarin ilk
iki filtre yardimiyla iyi bir sekilde temizlenmis
oldugu ancak lezyon dokusunda bozulmalara yol
actifi  gozlemlenmistir. Calismada tasarlanan
filtrelerde ise killarin goriiniimii kismen azaltilmis
olup, ilk iki filtredeki gibi lezyonda bulaniklagsmaya
neden olmadig1 goriilmektedir. Ikinci siitunda ise
goriintide hem beyaz hem koyu renkli killarin
oldugu goriilmektedir. ilk iki filtrenin lezyonlarin
yapisinda bozulma yaptigi, beyaz killarin
temizlenmesinde de yetersiz kaldig1
gozlemlenmistir. Tasarlanan filtrelerde beyaz killar
temizlemede basarili olmamig ancak lezyon yapisi
daha net bir sekilde korunmustur.

Ucgiincii  siitundaki dijital lezyon gériintiisiinde
uygulanan tim filtreler killari iyi derecede
temizlemistir. ilk iki filtre lezyondaki kabugun
dokusunu gozle goriiliir derecede bulaniklastirmis
ancak diger filtrelerde ise bulaniklastirma yok
denecek kadar azdir. Killarin temizlenmesi ve
lezyonun yapisinin korunmasi agisindan {iglincii
filtre bu gorlintide en iyi sonucu vermistir.
Dordiincii siitundaki orijinal goriintiiye uygulanan
ilk iki filtre koyu renkli killarin temizlenmesi iyi

derecede yapsa da beyaz killarda Dbasarili
olamamistir ek olarak lezyondaki  kabuk
goriintlisiinlin -~ de  bulaniklagsmasina  neden

olmusglardir. Caligmada gelistirilen iki filtre ise
killar konusunda ilk iki filtreye yakin performans
gostermistir ancak kabuk yapisimi diger filtreler
kadar bulaniklagtirmamistir. Goriintii biitiinligiinii
koruyan ve killar1 en iyi temizleyen filtre ligiincii
filtre iken diger filtreler bu hususlarda yeterli
olamamuslardir.

4. SONUCLAR

Cilt kanseri ciddi bir hastalik ama erken evrede
yakaladiginda hastanin sadece yasama sansi
artmiyor hasta tamamen iyilesebiliyor. Erken
teshisi ¢ok Onemli olmasina ragmen bu degerli
zaman ¢esitli sebeplerle kagirilabiliyor. Bu
sebeplerden en Onemlileri altin standart olarak
kabul edilen dermoskopik goriintiileme yontemin
hem pahali hem de uzmanlik gerektiriyor olup
sadece biiyilk merkezlerde yapiliyor olmasidir.
Simdiye kadar yapilan ¢aligmalarda ¢ok daha ucuz
ve toplanmasi daha kolay olan dijital gdriintiiniin az
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kullaniyor olmasinin en bilylik sebebi ise giiriiltii
cesitlerin fazlaligindan kaynaklanan filtreleme
islemi daha zahmetli olmasidir. Bu anlamda en
6nemli zorluklardan biri ise veri korunmasi hayati
6nemi  olan  cilt lezyonlarm  killardan
temizlenmesidir. Kil temizlenmesi problemi
olduk¢a kompleks oldugundan dolay bir filtre her
problemde en iyi ¢6ziim vermemektedir. Bu sebeple
adaptif filtreye ihtiyag vardir. Adaptif filtreler yap1
itibart ile gesitli filtrelerden olusmaktadir ve ¢ikisi
bu filtreler arasinda en iyi sonugtur. Bu g¢alismada
yeni bir adaptif filtre iki adet 6zgiin filtre {iretilmis
olup sik¢a kullanilan filtreleme algoritmalari ile
kiyaslanmustir.

Bu c¢alismada tasarlanan filtreler ise karsilastirilan
diger filtrelere goére killarin tamamen yok
edilemedigi ancak goriiniirliiklerinin azaldig: tespit
edilmistir. Dijital lezyon gdriintiilerinde kabuk
igerip  icermemesine  bakilmaksizin  lezyon
dokularinin korundugu goézlemlenmistir. Sonug
olarak bu ¢aligsmada kullanilan tiim filtrelerin beyaz
killar1 yok edemedigi tespit edilmistir. Diger
caligmalarda kullanilan filtrelerin ise killar1 iyi
temizledigi fakat kabuklu lezyonlarin yapisini
bozdugu goriilmiistiir. Bu c¢aligmada tasarlanan
filtrelerin ise kil temizliginde diger iki filtreden
daha az basarili oldugu ancak kabuklu lezyonlarin
yapisini koruyabildigi gbzlemlenmistir. Cilt kanser
teshis programlari goz 6niine alindiginda tasarlanan
filtrelerin  daha iyi bir sonu¢ verecegi
diisiiniilmektedir.

Biitiin  filtreler goriintiiden  goriintiiye  farkli
performans gosterildigi goriilmektedir. Bundan
dolay1 daha sonraki ¢aligmalarimizda ise tasarlanan
filtrelerin gelistirilmesi ve adaptif filtreler lizerine
olmasi planlanmaktadir.
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Abstract

The performance of denim fabric under the influence of repeated home laundering techniques was
investigated in this article. All fabrics have been produced from the same warp yarn (100% cotton) and four
different weft yarns: 100% cotton (CT), 100% Coolmax (CM), Cotton & Elastane (CTE), and Coolmax &
elastane (CME) and then subjected to one, ten, and twenty simulated home laundry cycles. Performance
attributes such as air permeability, tearing strength, stiffness, drying performance, and color measurement
were assessed. In addition, the significance of the washing effect on the parameters was determined using
ANOVA and Tukey HSD multiple comparisons. In conclusion, frequent washing had a detrimental impact
on air permeability, tearing strength, and stiffness, but did not affect drying performance. Aside from that,
the successive washing has resulted in noticeable color changes.

Keywords: Stretch denim fabric, Coolmax, repeated laundering, air permeability

Cesitli Yikamalarin Pamuklu ve Coolmax“Atkl Ipliklerinden Uretilen Denim
Kumaslarin Baz1 Konfor Ozelliklerine Etkisi

Oz

Bu caligmada denim kumaslarin tekrarlanan yikamalar sonrasindaki performansi arastirilmistir. Tim
kumaglar ayni ¢6zgii ipliginden (%100 pamuk) ve %100 pamuk (CT), %100 Coolmax (CM), Pamuk &
Elastan (CTE) ve Coolmax & elastan (CME) olmak iizere dort farkl atki ipliginden iiretilmistir: Urtetilen
kumaglara 1, 10 ve 20 kez tekrarli ev yikamasi uygulanmis ve sonrasinda hava gecirgenligi, yirtilma
mukavemeti, sertlik, kuruma performansi ve renk 6l¢iimil gibi performans 6zellikleri degerlendirilmistir.
Ayrica yikama etkisinin parametreler {izerindeki 6nemi ANOVA ve Tukey HSD ¢oklu karsilagtirmalari
kullanilarak tespit edilmistir. Sonug olarak, tekrarli yikamalarin kumaslarin hava gegirgenligi, yirtilma

*Sorumlu yazar (Corresponding Author): Serin MEZARCIOZ, smavruz@cu.edu.tr

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023 1151



The Effects of Several Washings on Some of the Comfort Features of Denim Fabrics Made of Cotton and Coolmax

Weft Yarns with and without Elastane

mukavemeti ve kumas sertligi lizerinde olumsuz etkisi oldugu ancak kuruma performansim etkilemedigi
goriilmiistiir. Bunun disinda tekrarli yikamalar gozle goriiliir renk degisikliklerine neden olmustur.

Anahtar Kelimeler: Stre¢ denim kumas, coolmax, tekrarli yikama, hava gecirgenligi

1. INTRODUCTION

Denim is a twill-woven fabric with indigo-dyed
warps and grey or un-dyed wefts, with weft threads
passing beneath two or more warp threads. One side
of the fabric shows the blue warp threads, while the
other side shows the white weft threads due to the
warp-faced twill weaving [1]. Denim fabric's
popularity is rising because of its versatility,
durability, and affordability [2]. Usually, the fabric
is rough and harsh when woven at first. Therefore,
different washing treatments must be done to the
material before being used in the final goods to
change the fabric's surface and the look of denim
products. So, denim washing is the core of denim
finishing related to quality, aesthetic, and value of
garments [3,4].

Coolmax is a modified polyester fiber with a tetra
channel cross-section of benzene rings and a
conjugated aromatic polymer chains system that
absorbs UV radiation more effectively [5]. Ertekin
observed that coolmax yarn fabrics have improved
air permeability, heat resistance, and water vapor
permeability indexes [6]. Coolmax's
thermoregulation function is based on moisture
management, thanks to the multi-channel cross-
section of the fibers, which uses capillary theory to
collect sweat and moisture from the skin's surface,
move it to the fabric surface, and then evaporate it.
Coolmax fabric has a decreased air permeability
due to its increased thickness and the shape of its
fibers [7]. Combining Coolmax fiber with
regenerated cellulose fibers increased the wearing
comfort and drying speed of sportswear [8].
Coolmax is hydrophobic, unlike hydrophilic cotton,
which swells with solution absorption [9]. On the
other hand, cotton absorbs and retains 14 times as
much moisture as Coolmax [5].

The worldwide market is becoming more interested
in apparel comfort with the advancement of
civilization. Fabrics used to make summer and
sports apparel must have outstanding thermal-wet
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performance.  Air  permeability, = moisture
management, and heat transfer performance are the
major factors that impact comfort characteristics
[10]. Stretch denim fabric has become
increasingly popular due to its ability to perfectly fit
the wearer's body [2]. Elastic yarn can be used in
the warp or the weft, or both, of a stretch fabric.
Usually, stretch denim fabrics are made by
employing the core-spun cotton weft yarns
incorporating elastane filament (Polyurethane) and
cotton fibers. In addition to the elastane's linear
density, its count and twist, the fabric weave and
structure, and finishing techniques all have an
impact on stretch textiles' mechanical properties
[11-13]. Fabric weft stretchability is a significant
factor in fabric comfort, mechanical and thermal
properties, and the fabric's elongation [14]. There is
a substantial difference in air and water vapor
permeability between denim fabrics with cotton
weft yarn and polyester and Lycra weft yarns [15].
On the other hand, elastane may affect the wearer's
thermo-physiological comfort [7].

There is a lack of research on the comfort attributes
of denim fabrics with various weft yarns, especially
when it comes to the impact of regular home
laundry. Moreover, no researcher paid attention to
the drying performance of the denim fabric made by
different weft yarns, specially coolmax and elastane
core-spun yarn.

2. MATERIALS AND METHODS

This study produced four denim fabrics from the
same & 100% cotton warp yarn and four different
weft yarns. Weft yarns are 24 Ne cotton, 24 Ne
Coolmax, 24 Ne cotton & elastane, and 24 Ne
Coolmax & elastane. The properties of weft yarns
have been depicted in Table 1.

The denim fabrics were made with a 3/1 twill weave
by the Picanol Rapier weaving machine at the Bossa
Denim Factory in Adana Industrial Area, Turkey.
The specifications of the denim fabrics are shown
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in Table 2. After weaving, the fabric was passed
through a singeing machine to burn the projecting
fibers on the face side at 70 m/min and 12 mbar.
Next, a regular wash was used to remove the ash
from the fabric surface. Then, drum contact drying
was carried out at a speed of 35 meters per minute

Md Emdad SARKER, Serin MEZARCIOZ

and 110 °C. The softener was 3 g/, the wetting
agent was 1 g/, and acetic acid was used to keep the
pH constant between 4.5 and 5, with the speed of 24
m/min temperature was 140 °C. Finally,
Sanforizing was completed at a rate of 30 meters per
minute in the end.

Table 1. Properties of yarns from USTER TESTER 5-S800

Parameters Values
Count (Ne) 23.77 23.87 23.80 23.67
CV% 0.59 1.18 1.06 0.97
Elongation% 5.21 13.60 7.47 18.77
Sinlge yarn strength, Rkm | 17.45 18.47 12.72 22.83
U% 12.38 3.16 12.97 7.73
Thin place (-50%km) 1 0 5 0
Thick place (+50%km) 48 0 523 1
Neps (+200%km) 21 0 324 4
Imperfections (IPI) 70 0 852 5
Hairiness 5.36 5.12 6.12 5.80
Table 2. The specifications of the denim fabrics

Sample code CT CM CTE CME
Weave 3/1 Z twill 3/1 Z twill 3/1 Z twill 3/1 Z twill
Mass/unit Area 215 203 226 202
(gm/m*)
Width 179 cm 180 cm 157 cm 140 cm

. Cotton: Indigo Cotton: Indigo Cotton: Indigo g
Warp material dyed dyed dyed Cotton: Indigo dyed

0, 0 0,
Weft material 100% Cotton 100% Coolmax 92% Cotton, 8% 92% Coolmax,
elastane 8% clastane
Warp density
(ends/cm) 40 40 48 48
Weft density 27 27 30 30
(picks/cm)
Warp linear 29.5 Tex 29.5 Tex 29.5 Tex 29.5 Tex
density (Tex)
Weft linear 24.8 Tex + 78 24.8 Tex + 78 dTex
density (Tex) 24.8 Tex 24.8 Tex dTex ela ela
Testing Methods Type-A washing machine (Horizontal axis, Front

Tearing strength was determined by ISO 9290:1990
with James H. Heal (Elmatear model) tester,
stiffness by ASTM D4032-94 with circular stiffness
tester, color by Minolta Spectrophotometer, and air
permeability by ISO 9237: 1995 with EPO8M
ProWhite machine. The washing was done in a

C.U. Miih. Fak. Dergisi, 38(4), Aralik 2023

loading). The detergent was reference detergent-3,
and the mass of the washing sample and ballast was
1 kg/ 1 kg, with type-1I ballasts consisting of 50%
cotton and 50% polyester. The washing procedure
was 3N (Temp: 30°C, Liquor level: 100 mm, wash
time: 15 minutes, three rinses); the drying
procedure was C (open air dry/flat dry).
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3. RESULTS AND DISCUSSION

Before the measurements, the samples were put out
on a level surface for a day in a normal atmospheric
condition (20+2°C and 65+2% RH).

3.1. Air Permeability

Air permeability has an impact on how comfortable
a garment feels. The fabric's ability to allow air to
pass through when there is a differential air pressure
on each side of the fabric's surface is an essential
factor to consider when studying and comparing the
breathability characteristic. The number of pores
determines porosity, directly related to fabric
permeability [6]. The porosity of a textile
determines its air permeability. For the same fabric
structure, increased filament fiber composition
increases air permeability [16]. As the tightness of
the fabric grew, the air permeability of the material
decreased (Figure 1). The air permeability ratings of
elastane-free materials CT & CM are greater than
CTE & CME. The repeated washing negatively
influences the air permeability values because the
frequent washing leads the fabric structure to relax,
enhancing its compactness.

Air permeability values

%Singlewash Ml10wash &20wash

Figure 1. Air permeability values

Analysis of variance (Table 3) was done according
to a=0.05 significance level to determine the effect
of weft types on the air permeability due to repeated
washing. The difference between weft types with
Tukey HSD multiple comparisons has been
depicted in Table 4 and found that the weft types
had statistically significant on the air permeability
values.
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3.2. Drying Performance

The fibers' -capillary capacity and moisture
absorption determine the fabric's ability to regulate
the moisture [15]. It was a simple procedure in
which the fabric samples were weighed after being
wet for a period, and the moisture loss percentage
of the fabric samples was determined. After the
washing procedure, the samples’ weight was
determined. Then, all the pieces were dried in a free
environment. After every 1 hour, the samples' mass
was measured, and the % of weight loss was
determined. The same procedures were repeated
until the difference in weight reduction was zero.
These numbers have been used to evaluate the
samples' fast dry characteristics. The results are
presented in the Figure 2.

The formula for calculating the moisture loss

__Weight of wet sample—weight of dry sample

x 100 (1)

Weight of wet sample

Drying performance

&CT »CM =CTE & CME
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Figure 2. Moisture loss values

Cotton fibers are hydrophilic, which means that
fabrics with a high proportion of CT absorb more
water than CM fabrics. As a result, CM fabrics
contained less water than cotton fabrics after
washing. As a result, CM and CME drying
performance in weight loss percentage is lower.
Analysis of variance (Table 3) was done according
to 0=0.05 significance level to determine the effect
of weft types on the drying performance due to
repeated washing. The difference in moisture loss
between weft types with Tukey HSD multiple
comparisons has been depicted in Table 4 and found
that the moisture loss percentage data was
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unaffected by differences in weft types between the
groups.

3.3. Tearing Strength

Under specific conditions, the force necessary to
begin or continue to rip a fabric in either the weft or
warp direction is defined as tearing strength. It
describes the gradual, thread-by-thread fabric
rupture along a line, whereas all the yarns are
broken during a tensile strength test. As a result, the
tensile strength value (in kilograms) is larger than
the tearing strength value. The results are presented
in the Figure 3-4.

Warp-way tearing strength
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Figure 3. Warp-way tearing strength values

After every wash, the tearing strength of the fabric
samples is as follows: CT<CM< CTE< CME. As
we tried to find the effect of laundering on the fabric
strength, the results demonstrated that the strength
has a little decreasing trend from a single wash to
10 wash and 20 wash. The repeated laundry causes
the yarns to lose their inter-cohesive force and
become weaker.

Weft-way tearing strength
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Figure 4. Weft-way tearing strength values
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The values of the four denim fabrics differ because
the weft threads are different. Because CTE and
CME fabrics contain lycra, their strength is more
substantial. There is also evidence of a decrease in
tearing strength because of washing. To determine
the effect of weft types on the tearing strength,
analysis of variance (Table 3) was done according
to a=0.05 significance level; the difference in
tearing strength between weft types was examined
with Tukey HSD multiple methods tabulated in
Table 4 and found that the difference in weft types
became significant when tearing strength values
except for TS-WA_SW: CT/CTE (p = 0.362) and
TS-WE_SW: CTE / CME (p = 0.450).

3.4. Stiffness

Fabric stiffness can affect the hand feel, draping
effect, and comfort sensation while wearing. A
fabric's stiffness is unique: the natural inclination to
remain upright without any support. Therefore, it is
crucial to understand the fabric's handle and drape
properties. Laundry cycles progressively make the
yarn more flexible, resulting in a decrease in
stiffness in the materials. The CTE and CME fabrics
have a high stiffness value because the elastane-
cored yarn caused the fabric to be more compact
and rigid. The results are presented in the Figure 5.

I

Figure 5. Stiffness values

To determine the effect of weft types on the fabric
stiffness, analysis of variance was done (Table 3)
according to 0=0.05 significance level; the
difference between weft types was examined with
Tukey HSD method tabulated in Table 4 and
discovered that the difference between the weft
types became meaningful on the stiffness values
due to repeated washing.
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Table 3. Effect of weft types on different tests for repeated washing (ANOVA results)

Test Dependent variable F Sig.

AP SW 513.104 | 0.000

Air permeability (AP) AP 10W 535.504 | 0.000
AP 20W 198.477 | 0.000

MLP 1H 6.265 0.004

. MLP 2H 6.397 0.003
Moisture loss percentage (MLP) MLP 3H 6.538 0.003
MLP 4H 7.163 0.002

TS-WA SW 999.213 | 0.000

TS-WE SW 137.794 | 0.000

. TS-WA 10W 353.998 | 0.000
Tearing strength (TS) TS-WE_10W 208.211 | 0.000
TS-WA 20SW 489.349 | 0.000

TS-WE 20W 134.145 | 0.000

ST SW 286.199 | 0.000

Stiffness (ST) ST 10W 222.127 | 0.000
ST 20W 267.134 | 0.000

SW: single wash, 10W: 10 washes; 20W: 20 washes, WA: Warp, and WE: Weft

Table 4. The results (p values) of multiple comparisons for each test according to weft types

Tests CT:CM CT:CTE CT:CME | CM:CTE | CM:CME CTE:CME
AP SW 0.002 0.000 0.000 0.000 0.000 0.000
AP 10W 0.000 0.000 0.000 0.000 0.000 0.000
AP 20W 0.118 0.000 0.000 0.000 0.000 0.215
MLP 1H 0.000 0.096 0.07 0.019 0.027 0.867
MLP 2H 0.009 0.299 0.075 0.001 0.326 0.008
MLP 3H 0.009 0.309 0.055 0.001 0.404 0.006
MLP 4H 0.005 0.400 0.033 0.001 0.390 0.005
TS-WA SW 0.000 0.362 0.000 0.000 0.000 0.000
TS-WE SW 0.001 0.000 0.000 0.000 0.000 0.450
TS-WA 10W 0.000 0.000 0.000 0.000 0.000 0.000
TS-WE 10W 0.041 0.000 0.000 0.000 0.000 0.016
TS-WA 20SW 0.000 0.000 0.000 0.000 0.011 0.009
TS-WE 20W 0.035 0.000 0.000 0.000 0.000 0.052
ST SW 0.001 0.000 0.000 0.000 0.000 0.001
ST 10W 0.000 0.000 0.000 0.000 0.000 0.000
ST 20W 0.000 0.000 0.000 0.000 0.000 0.000

* The mean difference is significant at the 0.05 level
3.5. Color Measurement

Under the illuminant D65, the color of the fabric
samples was measured. The instrument was
calibrated initially, and then spectral reflectance
values were collected at 10 nm intervals from 400
nm to 700 nm in the visible spectrum. All the color
measurements and visual evaluations were
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conducted in the same direction. The single, 10, and
20 washed samples' CIELab coordinates (L*, a*,
b*, c*, and h), K/S values, and color difference
values were measured and compared in Tables 5
and 6. The color yield (K/S) was measured at a
wavelength of 560 nm. Because the values of L* are
negative, all the fabric samples have become darker.
Furthermore, the fabric samples got more reddish
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after washing since the a* values were generally
positive.

The negative b* values show that the samples
became increasingly blueish because of continuous
washing. The K/S values of elastic-containing
fabrics are greater than those of elastic-less fabrics.
Color changes were determined compared to single

Table 5. Measured CIELab values of denim fabrics
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wash samples, and assessments were done. Any
international standard does not define the entire
color difference. The manufacturer's quality
standards and customer criteria establish this value.
The absolute color difference tolerance was
believed to be 1.0 in this experiment. As a result,
All samples received a fail remark since AE is more
prominent than 1 (Table 6).

Sample Process Color values
P L* C a* b* h K/S
SW 28.7 2.84 0.14 -2.83 2729 7.96
CT 10W 21.72 4.92 0.24 491 272.79 14.08
20W 22.82 5.8 0.07 5.8 270.73 12.87
SW 26.01 6.2 -0.05 6.2 269.5 10.11
CM 10W 21.82 7.09 0.06 -7.09 270.49 14.4
20W 21.85 7.71 0.06 771 270.43 14.4
SW 27.61 2.97 0.43 -2.94 278.27 8.66
CTE 10W 19.17 4.71 0.85 -4.64 280.43 17.74
20W 17.3 5.16 1.02 -5.05 281.38 21.14
SW 24.82 6.25 0.24 -6.24 272.23 11.19
CME 10W 18.31 6.19 0.71 -6.15 276.63 19.67
20W 17.56 7.11 0.52 -7.09 2742 2133
Table 6. The color difference between SW and 10W & 20W samples
S | P Color differences A
ample | Process AL" A" AD* ACH ALF AE ssessment
10W | -6973 | 0095 | -2.075 | 2.077 | 0.007 | 728 |Fail (darker, reddish,
CT bluer, brighter)
20W 5877 | -0.076 | -2.447 | 2444 | 0.146 | 637 |Fail (darker, greener,
bluer, brighter)
oW | 4195 | 0115 | -0.883 | 0.883 | 0.115 | 429 |Fail(darker, reddish,
bluer, brighter)
™ Fail (darker, reddish
20W 4163 | 0.112 | -1.51 151 | 0.113 | 4.43 e, redcish,
bluer, brighter)
10W 8442 | 0425 | -1.691 | 1738 | 0.141 | 8.2 |Fail (darker, reddish,
bluer, brighter)
CTE Fail (darker, reddish
20W 10308 | 0.589 | -2.11 | 2.181 | 0213 | 10.54 | ™ ’ ’
bluer, brighter)
10W 651 | 0471 | 0095 | 0059 | 0477 | 653 |F@il (darker, reddish,
yellower, duller)
CME Fail (darker, reddish
20W 7258 | 0277 | -0.847 | 0861 | 0229 | 731 | ’ ’
bluer, brighter)

AL*= Difference in lightness or darkness value, Aa*= Difference in red/green axis, Ab*=Differences in yellow / blue axis, AC=
Difference in chroma, Ah*= Difference in hue, AE= Color difference value
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4. CONCLUSION

The present research fotanveercuses on the
comparative performances of denim fabrics with
the same cotton warp and different weft yarns,
typically cotton, coolmax with or without elastane
yarn. Frequent washing causes the fabric structure
to relax, increasing its compactness. Thus it has a
detrimental impact on the air permeability values.
There is also evidence of tearing strength being
reduced because of washing. Laundry cycles
gradually make the yarn more flexible, resulting in
a reduction in fabric stiffness. The moisture loss
percentage data had a substantial influence when
viewed with time. However, the differences in weft
types between groups had no noticeable effect on
the moisture loss percentage data. The tearing
strength dropped marginally as the washes
increased from one to ten and twenty. All the fabric
samples were found darker, reddish, and blueish
due to repeated washing.
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