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AMAC ve KAPSAM

Cukurova Universitesi Miihendislik Fakiiltesi Dergisi, y1lda dért say1 olarak yayimlanan hakemli bilimsel
bir dergidir. Miihendislik alanindaki gelismeleri takip etmek, meslek kuruluslar1 ve bireylerin ulusal ve
uluslararas1 gelisimlerine katkida bulunmak ve bu alanlarda Tiirk¢e bir kaynak olusturmak amaciyla
yayimlanmaktadir. Derginin yazim dili Tiirkge/Ingilizcedir. Daha &nce bagka bir yerde yayimlanmamis
tim 6zgiin ve gilincel bilimsel aragtirma ve uygulamalar1 kapsayan makaleler kabul edilmektedir. Tiim
miithendislik alanlar1 ile ilgili teorik/deneysel ve uygulamaya yonelik c¢aligmalar 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
currently published quarterly. The journal is published to follow the developments in the field of
engineering, to contribute to the national and international development of professional organizations and
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

Dairesel kesitli silindirin art izindeki daimi olmayan girdaplarin kilavuz plakalar kullanilarak bastirilmasi
deneysel olarak arastirilmigtir. Kilavuz plakalar yay seklinde imal edilmis ve tli¢ farkli aciklik orani
(G/D=0,1, 0,3 ve 0,5) ve plaka ac1 degerleri 60°<a<90° araliginda incelenmistir. Silindir art izindeki akis
yapilar1 PIV 6l¢limii ile Reynolds sayisinin 7500 degerinde elde edilmistir. Akis l¢iimiinden elde edilen
Reynolds kayma gerilmeleri, girdap konturlari, hiz bilesenleri ve girdap kopmasi frekans sonuglart yalin
silindir durumu ile kiyaslanarak agiklanmistir. Diisiik plaka ag1 degerlerinin girdap kopma frekanslari
iizerinde daha etkin oldugu, yiiksek plaka aci degerlerinin ise girdap soniimlemede daha etkin oldugu
gozlemlenmistir. Reynolds kayma gerilmelerinin bastirilmasinda agilik oran1 G/D=0,1 degerinin diger
aciklik oranlart ile kiyaslandiginda daha etkili oldugu goézlemlenmistir.

Anahtar Kelimeler: Pasif akis kontrol, Girdaplarin bastirilmasi, PIV, Silindir
Vortex Suppression Downstream of a Cylinder via Guide Wanes

Abstract

It is experimentally investigated that vortex suppression of the circular cylinder in the wake region by guide
wanes. Three distinct gap ratios (G/D=0.1, 0.3, and 0.5) and plate angle values in the range of 60°—90° were
examined for the guide wanes, which were fabricated in arc form. Flow structures of the cylinder in the
wake region were obtained by PIV measurement at Reynolds number of Re=7500. The obtained results
such as Reynolds shear stress, velocity components, vortex contours, and vortex shedding frequency are
explained in comparison with the bare cylinder. It was observed that low plate angle values are more
effective on the vortex shedding frequencies, and higher plate angle values are more effective on vortex

*Sorumlu yazar (Corresponding Author): Firat EKINCI, fekinci@atu.edu.tr
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suppression. It was observed that the gap ratio of G/D=0.1 is more effective on suppression of Reynolds

shear stresses when compared to the other gap ratios.

Keywords: Passive flow control, Suppression of vortex, PIV, Cylinder

1. GIRIS

Miihendislik uygulamalarinda siirekli akisa maruz
kalan yapilar veya kiit cisimler etrafinda meydana
gelen daim1 olmayan girdap yapilarinin incelenmesi
ve bastirilmast uzun zamandir arastirmacilarin
ilgisini geken bir konudur. Bu yapilara 6rnek olarak
acik deniz platformlari, yiksek binalar, bacalar,
koprii ayaklari, riizgar tiirbin kuleleri ve 1s1
esanjorleri verilebilir. Daimi olmayan girdaplarin
bastirilmasi, Ozellikle acgik deniz platformlar
lizerinde yapisal hasarlara yol agabilecek akis
kaynakli daimi olmayan yiiklerin ve girdap
kaynakli  titresimlerin  engellenmesi  veya
azaltilmasi i¢in dnem arz etmektedir. Bu baglamda,
siir tabakanin veya cismin art izindeki akis
yapisinin degistirilmesi icin gesitli akis kontrol
yontemleri uygulanmaktadir.

Dong ve arkadaslar1 [1] silindire gelen akis
bolgesinden akis emmesi ve art izi bolgesinden ise
akig iflemesi yapmak sureti ile Karman girdap
caddesini ve girdap kaynakli titresimlerin
engellenebilecegini gostermiglerdir. Lee ve Feng
[2] yapmis olduklari ¢aligma ile silindirin sinir
tabaka ayrilma noktalarina konumlandirilan yapay
jet akist yardimi ile tasima kuvveti sapinglariin
bastirildigini ispatlamislardir. Literatiirde pek ¢ok
aktif akis kontrol yontemi [3-6] Onerilmesine
ragmen aktif akis kontrol yontemlerinin aksine
pasif  akis  yOntemlerinin  harici  enerji
gerektirmemesi nedeni ile uygulamada pasif akis
yontemlerine olan ilgiyi arttirmaktadir.

Pasif akig kontrol yontemi olarak art izinde ayirict
plaka kullanimi en bilenen tekniklerden bir
tanesidir. Kwon ve Choi [7] plaka uzunlugu ve
Reynolds sayisina bagli olarak silindir art izindeki
girdap kopmalarmin tamamen  bastirildigimn
gozlemlemiglerdir. Hwang ve arkadaglar1 [8]
silindir ¢ap1 ile ayni uzunluktaki ayirici plakay1
silindir art izinde farkli konumlara yerlestirmenin
stirikleme katsayis1 ve tagima kuvveti sapinglari
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lizerine etkilerini aragtirmiglardir. Elde ettikleri
bulgular uygun segilen konum ile silindirin
siriikleme  katsayisimin ~ ve tasima kuvveti
sapinglarinin azaldigimi gostermistir. Akilli ve ark.
[9] s1g suda gerceklestirmis olduklari deneysel
calismada ayrici plakanin art izinde silindir ¢apinin
iki kat1 degerindeki mesafeye kadar
konumlandirilmasi1 girdap bastirilmasinda  etkili
oldugunu ortaya koymuslardir. Ayrica literatiirde
yapilan ¢caligmalar ile farkli geometriye sahip ayrici
plakalarin  silindir art izindeki  girdaplari
bastirilmasi iizerine etkinligi ortaya koyulmustur
[10-12]. Gao ve arkadaslar1 [13] yapmis olduklar
deneysel ¢alismada silindir {izerine agilan yariklarin
art izindeki girdap etkilesimlerini asag1 akimin uzak
bolgelerine oGteledigini ve silindirin  siirikleme
katsayisini o6nemli olgiide azalttigin
gostermislerdir. Trim ve arkadaglar1 [14] silindir
ylizeyinde helis biciminde sarmal c¢ikinti
olusturulmasinin  girdap kaynakli titresimlerin
bastirilmasinda etkili oldugunu ispatlamiglardir.
Zhou ve arkadaslar1 [15] silindir tizerine agilan
yivlerin silindir siirikleme katsayisini, art izindeki
Reynolds kayma gerilmeleri ve tiirbiilans kinetik
enerji degerlerini azalttigini deneysel ¢alisma ile
gozlemlemislerdir. Firat ve arkadaslari [16] i¢i bos
silindir iizerine agilan deliklerin art izindeki akis
yapisi  Uzerine etkilerini  deneysel olarak
arastirmislardir. Elde ettikleri bulgular silindir art
izindeki girdap olusum uzunlugunun arttigini,
tasima  kuvveti sapmglarmin  ve  siirikleme
katsaymin azaldigim1 gostermistir. Durhasan ve
arkadaslar1 [17] silindir etrafinin delikli silindir ile
cevrelenmesinin silindir art izindeki daimi olmayan
girdaplarin bastirilmasinda etkili oldugunu ortaya
koymusglaridir. Lee ve arkadaglari [18] gelen akis
bolgesine konumlandirilan  kontrol gubugunun
silindir art izindeki akig yapist ve siiriikleme
katsayis1  lizerine etkisini deneysel olarak
calismislardir. Elde ettikleri bulgular art izindeki
akis yapisinin kontrol ¢ubugu tarafindan 6nemli
o6lgtide etkilendigi ve silindir siiriikleme katsayisini
%29’a kadar azaldigin1 gostermistir.
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Deneysel olarak gerceklestirilen bu c¢alismada
mithendislik uygulamalarinda yayginca kullanilan
dairesel kesitli silindirin art izindeki daimi olmayan
girdaplarin kilavuz plakalar yardimi ile bastirilmasi
hedeflenmistir. Kilavuz plaka olarak iki adet
cember yay1 geometrisi kullanilmistir. Deneylerde
kilavuz plakalarin konumlanma agisi, a ve plaka ile
silindir arasindaki dik mesafenin silindir ¢apina
orani (G/D) temel arastirma parametreleri olarak
belirlenmistir.  Deneyler Reynolds sayminin
Re=7500 degerinde parcacik goriintiilemeli hiz
Olciim teknigi ile gerceklestirilmistir. Elde edilen
bulgular kilavuz plakalarmn silindirin art izindeki

girdaplari  6nemli 6l¢iide bastirdigini  ortaya
koymustur.

2. YONTEM

Deneyler  Cukurova  Universitesi,  Makine
Miihendisligi Bolimii, Akiskanlar Mekanigi

Laboratuvari’nda kurulu 1000mmx750mm kesit
Ol¢iilerine sahip su kanalinda gergeklestirilmistir.
Deneyler siiresince kanalin su derinligi 500+0.2
mm’de sabit tutulmustur. Serbest akim hiz1 santrifiij
pompa ile baglantili frekans konvektorii yardimi ile

[\

L=

48

Akis

Akis
—

Silindir

Plaka—""

Furat EKINCI, Tahir DURHASAN, Hiiseyin AKILLI

Reynolds saymninin 7500 degerine karsilik gelen
140 mm/s degerine sabitlenmistir. Reynolds sayisi
Re=pUD/p formiilii ile hesaplanmis olup formiilde
p suyun yogunlugunu (kg/m®), U serbest akim hizini
(m/s), D silindir ¢capmm1 (m) ve p suyun dinamik
viskozitesini (kg/m.s) ifade etmektedir.  Test
modeli olarak dis ¢api, D= 50+0,1 mm ve et
kalinligi 2 mm degerine sahip dairesel kesitli
silindir kullanilmigtir. Kilavuz plakalar dis cap
degeri 80 mm ve et kalinlig1 2 mm degerine sahip
seffaf pleksiglas dairesel kesitli silindirden 60° yay
Olciisiine sahip plakalarin  kesilmesi ile elde
edilmistir.  Deneylerde  kilavuz ~ plakalarin
konumlanma agisinin, a ve plaka ile silindir
arasindaki dik mesafenin, G silindir art izindeki
girdap yapilart tizerine etkileri incelenmistir.
Konumlanma agis1, serbest akim hizi dogrultusu ile
plaka arasindaki ag¢1 degeri olarak belirlenmis ve
konumlanma agisinin  a=60°, 70°, 80° ve 90°
degerleri test edilmistir. Plaka ile silindir arasindaki
dik mesafe silindir c¢ap1 ile boyutsuzlandirilmis
(aciklik oran1) ve G/D=0,1, 0,3 ve 0,5 degerleri
incelenmistir. Test modelinin ve deney diizeneginin
sematik gosterimi Sekil 1°de sunulmustur.

Olgiim alant

—

~

Lazer diizlemi ]

Lazer

Sekil 1. Kilavuz plakalarin ve deney diizeneginin sematik gosterimi

Deneylerde kilavuz plakalarin silindir art izindeki
akis karakteristikleri ve tiirbililans istatistikleri iki-
boyutlu, pargacik goriintiillemeli hizélger (PIV) ile
elde edilmistir. PIV teknigi akiskan iceresinde akis
ile ayn1 hizda hareket eden parcacik hareketlerinin
takip edilmesi suretiyle 6l¢iim yapilan bélgenin hiz

C.U. Miih. Fak. Dergisi, 38(3), Evliil 2023

alanmin elde edilmesine olanak vermektedir. Bunu
gergeklestirebilmek i¢in ilk olarak kanal icerisine
nominal boyutu 10 um olan giimiis kapli, i¢i bos
cam kiireler brrakilmistir. Olgiim yapilan bdlgenin
aydinlatilmas1 amaci ile kanal tabanina paralel ve
tabandan 25 cm yukaridan gegen, 2 mm kalinliga
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sahip 151k diizlemi olusturulmustur. Isik kaynagi
olarak 120 mJ maksimum ¢ikis giicline sahip, cift
darbeli bir Nd:YAG lazer iinitesi kullanilmistir. Her
bir deney i¢in olgiim alami 8-bit CCD kamera
araciligiyla 1000 adet cift fotograf ile kayit altina
alinmistir. Deneylerde o6rnekleme orant 10 Hz
secilmig ve buna bagl olarak her bir deney icin
kayit siiresi 100 saniyedir. Her bir ¢ift fotograf ticari
yazalim (Dantec DynamicStudio) yardimi ile analiz
edilerek 7326 adet anlik hiz vektdrleri igeren hiz
vektor alanina doniistiiriilmistiir. Her bir test igin
silindir art izindeki akig yapist ve tiirbiilans
istatistikleri 1000 adet hiz vektdr alaninin analizi ile
elde edilmistir.

3. BULGULAR VE TARTISMA

Kilavuz plakanin silindirin art izindeki akis yapisi
etkinligini

lizerindeki ortaya koyabilmek igin

deneyler oOncelikle yalin silindir (plakasiz) icin
gerceklestirilmistir. Sekil 2, yalin silindir i¢in art izi
bolgesinde elde edilen zaman ortalamali girdap (jo|)
konturlarmi, akim ¢izgilerini (Jy|) ve Reynolds
kayma gerilmesi konturlarini (u'v')
gostermektedir. Elde edilen girdap konturlar
dagilimlarindan silindirin alt ve st bolgelerinde
olusan  kayma  tabaklarinin  asagt  akim
dogrultusunda uzayarak birbiri ile etkilesime girdigi
gozlemlenmistir. Bu etkilesimin silindir asagi
akimmda von-Karman girdap caddesine neden
oldugu bilinmektedir. Akim cizgileri
incelendiginde iki adet odak noktasinin (ters akis
bolgesinin) olustugu ve durma noktasmin asagi
akim bolgesinin x/D=1 degerinde konumlandig1
gozlemlenmistir. Kayma tabakalarinin birbiri ile
etkilesimi sonucunda Reynolds kayma
gerilmelerinin silindirin art izinde kiimelendigi ve
maksimum biiyiikliigiiniin 0,156 degerine ulastigi
tespit edilmistir.

IR

0 1 2
x/D

Sekil 2. Yalin silindir art izindeki zaman ortalamali a) girdap konturlar1 b) akim ¢izgileri ¢) Reynolds

kayma gerilmesi konturlart

Sekil 3’de kilavuz plakalarm G/D=0, 1, 0,3 ve 0,5
ve ag1 degerlerinin 60°<0<90° aralig1 i¢in elde
edilen zaman ortalamal1 girdap kontur dagilimlari
sunulmustur. Konturlarin ¢izdirilmesinde en diisiik
ve en yilkksek deger + 36 ve arttirnm degeri 3
secilmigtir. G/D=0,1 durumu i¢in 6zellikle plaka
acist a=60° ve 70° degerlerinde plakalarin gelen
akis1 6nemli dl¢iide etkiledigi ve silindirin alt ve tist
bolgelerinde  olusan  kayma  tabakalarinin
uzunlugunun yalin silindire kiyasla kisaldigi
gozlemlenmistir. Artan plaka agisi ile silindir ve
kilavuz plakalar arasindaki ters isaretli girdap
konturlarimin  kiimelendigi gozlemlenmistir. Bu
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durum  silindirden kaynakli olusan kayma
tabakalariin yani sira kilavuz plakalarin da bir ¢ift
kayma tabakasi olusumuna neden oldugunu
gostermektedir. Ozellikle plaka acgismin a=90°
degerinde plakalarinin dis bolgesindeki kayma
tabakalarinin asagi akim yoniinde uzayarak
silindirden ~ kaynakli  kayma tabakalarindan
bagimsiz bir yapi olusturdugu godzlemlenmistir.
Aciklik oraninin G/D=0,3 degerlerinde, silindir ile
plaka arasindaki mesafesin artmasina bagl olarak
bu bolgeden gergeklesen momentum transferinin
arttig1 ve kilavuz plakalarin silindirden bagimsiz
kendi kayma tabakalarin1 olusturdugu acik¢a
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gozlenmektedir. Kilavuz plaklardan kaynakli
olusan pozitif ve negatif degerlere sahip girdap
yapilarinin neredeyse simetrik bir yapi1 olusturdugu
ve artan plaka agisi ile agag1 akim yoniinde uzadigi
gozlemlenmistir. Ayrica kilavuz plakalarin artan
plaka agis1 ile silindir art izindeki akig yapisi

Furat EKINCI, Tahir DURHASAN, Hiiseyin AKILLI

izerinde daha etkin olan gbzlemlenmistir. A¢iklik
oraninin G/D=0,5 ve plaka acisimin 0>70°
degerlerinde kilavuz plakalarin silindirden kaynakli
kayma tabakalarmin yalin silindir durumuna kiyasla
asagl akim yoniinde uzamasina neden oldugu
gbzlemlenmistir.

G/D=0,1

G/D=0.

7 —

||
-33 19

2 33

Sekil 3. Farkli kilavuz plaka durumlari igin silindir art izinde elde edilen zaman ortalamali girdap kontur

dagilimlart
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Sekil 4°de silindir merkezinden art izi boyunca elde
edilen boyutsuz asagt akim yoniindeki hiz
degisimleri sunulmustur. Hiz degisimlerinde
negatif degerler ters akisin olustugunu, asagi akim
yoniinde tekrar sifir degerine ulastifi konum ise
girdap olusum uzunlugunun degerini isaret
etmektedir. G/D=0,1 ve plaka agisinin a=60° ve 70°
degerlerinde yalin silindire kiyasla negatif hiz
degerlerin daha kiigiik degerler aldigi artan plaka
acist ile yalin silindir degerlerine ulastig
G/D=0,3 degerinde kilavuz

gozlemlenmistir.

plaklarin silindir art izinde ters akis bolgesinin
uzamasma neden oldugu agik¢a goriilmektedir.
Diger taraftan plaka agisinin a=90° degerinde hiz
degerlerinin x/D=1"den itibaren Onemli Olciide
artmast art izinin hizli bir bicimde toparlandigini
gostermektedir. Kilavuz plakalarin ters akis bolgesi
tizerindeki etkisi G/D=0,5’de daha belirgin bi¢cimde
gozlemlenmistir. Ters akis bolgesinin uzamasi
kayma tabakalarmin birbiri ile etkilesiminin
dolastyla periyodik girdap dokiilmelerinin silindirin
art izinde uzak bolgelere tagindigini gostermektedir.

« Yalin S.|
+ 0=60'

« Yalin S.
« 0=60'
s =70
» a=80
« 0=90"

G/D=0,1

» a=70
Ty a=80°
+ a=90

Srvams
* a=60'

G/D=0,3 G/D=0,5 oy

+ a=90 al

x/D
Sekil 4. Farkli kilavuz plaka durumlart igin art izi boyunca elde edilen boyutsuz agagi akim yoniindeki hiz
degisimleri

Sekil 5’de farkli agiklik orani ve plaka ag1 durumlari
icin silindir art izinde elde edilen Reynolds kayma
gerilmesi  konturlar1  sunulmustur. Konturlarin
c¢izilmesinde en diisiik ve en yiiksek deger +0,18 ve
artirim degeri 0,01 secilmistir. Plaka agisisin 0=60°
degerinde Reynolds kayma gerilmelerinin silindirin
yakin art izinde kiimelendigi en yiiksek degerlerinin
aciklik oran1 G/D=0,1, G/D=0,3 ve G/D=0,5 igin
strast ile 0,09, 0,1 ve 0,11 olarak elde edilmistir.
Yaln silindir durumu ile kiyaslandiginda Reynolds
kayma gerilmelerinin en yiiksek degerinin
%?30’kadar azaldig1 gozlemlenmistir. Artan plaka
acist ile Reynolds kayma gerilmesinin en yiiksek
degerinin azaldig1 gozlemlenmistir. Plaka agisinin
0=90° degerinde Reynolds kayma gerilmelerinin en
yiiksek degerlerinin agiklik orant G/D=0,1,
G/D=0,3 ve G/D=0,5 i¢in siras1 ile 0,03, 0,07 ve
0,08 olarak elde edilmistir. Elde edilen bu veriler
kilavuz plakalarin kullanimmin silindir art izinde
girdap etkilesimlerini bastirmada etkili oldugunu
agikca ortaya koymaktadir.

Kilavuz plakalarin girdap kopma frekanslari
iizerine etkisini ortaya ¢ikarabilmek igin yalin
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x/D x/D

silindir ve kilavuz plaka durumlari igin art izi
bolgesinde elde edilen girdap kopma frekanslari
sekil 6’da sunulmustur. Girdap kopma frekanslar
Strouhal sayisi ile boyutsuz olarak ifade edilmis ve
Strouhal sayis1 St=fD/U formiilii ile hesaplanmstir.
(f girdap kopma frekansini, D silindir ¢apini ve U
serbest akim hizin1 ifade etmektedir.) Yalin silindir
icin girdap kopma frekansinin karsilik geldigi
Strouhal sayis1 0,21 olarak elde edilmistir ve bu
deger literatiirdeki ¢aligmalar ile uyumludur. Biitiin
aciklik oranlarinda plaka agisinin a=60° ve 70°
degerinde Strouhal sayisinin yalin silindire kiyasla
azaldig1 gozlemlenmistir. Artan plaka acist ile
Strohual sayisimnin arttigi  hatta agiklik orami
G/D=0,3 ve G/D=0,5 degerlerinde yalin silindire
kiyas ile daha yiiksek Strouhal sayis1 elde
edilmigtir. Ancak elde edilen verilen dikkat ile
incelendiginde plaka acisinin 0=80° ve 90°
degerlerinde Strouhal sayisinin artmasimna ragmen
genlik biyiikliiklerinin yalin silindire kiyasla
onemli dl¢lide azaldigini géstermektedir. Bu durum
yiiksek plaka acilarinda meydana gelen girdaplarin
daha kiiciik dl¢ekli oldugunu ve girdap siddetlerinin
soniimlendigini ortaya koymaktadir. Bu neden ile
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silindir art izinde tiirbiilans siddetleri azalmaktadir.  Reynolds kayma  gerilmesi  konturlar1 ile
Elde edilen bu bulgular Sekil 5°de sunulan  uyumludur.

G/D=0.1 G/D=0.3 G/D=0,

22 le=60°

-2}e=80°
2
AN
1r /I~ T
e N —
\I‘/ = =
v S~—+ &=
1k
“2 a=90“ 1 i { Beall 1 1 1 1 L 1
0 1 2 0 1 2 0 1 2
x/D x/D x/D
Sekil 5. Farkli kilavuz plaka durumlar i¢in elde edilen zaman ortalamali Reynolds kayma gerilmesi
konturlari
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Yalin Silindir

St1=0.21
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Sekil 6. Yalin silindir ve kilavuz plaka durumlari igin elde edilen girdap kopma frekansi degisimleri

4. SONUCLAR

Bu c¢alismada miihendislik uygulamalarinda
yayginca kullanilan dairesel kesitli silindir art
izindeki daimi olmayan girdaplarin kilavuz plakalar
yardimiyla ~ bastirilmasi deneysel olarak
incelenmistir. Elde edilen bulgular kilavuz
plakalarin silindir art izindeki akis karakteristigini
onemli Ol¢iide etkiledigini ortaya koymustur. Yalin
silindir durumu ile kiyaslandiginda girdap kopma
frekansinin  %33’e kadar ve Reynolds kayma
gerilmesi  degerlerinin ~ %80’kadar  azaldig:
gozlemlenmistir. Artan plaka agisi ile biiyiik 6lgekli
girdaplarin kii¢iik 6l¢ekli girdaplara doniistiigli ve
siddetlerinin sonlimlendigi gozlemlenmistir. Yalin
silindir ile kiyaslandiginda Reynolds kayma
gerilmelerini bastirmada en etkili plaka ag¢isinin
0=90° oldugu elde dilmistir. Yapilan ¢aligmanin
sonucunda kilavuz plakalar kullanimi silindir art
izindeki girdaplarin bastirilmasinda basarili bir
pasif akis kontrol yontemi oldugu ortaya
konulmustur. Elde edilen bu  bulgularn
milhendislik uygulamalarinda kullanilan diger kiit
cisimler etrafindaki akis kontrolii ¢aligmalar1 igin
referans olusturacagi beklenmektedir.
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Oz

Son yillarda insan sagligina ve ¢evreye en az etkisinden dolay1 yesil sentez oldukga dikkat ¢ekmektedir.
Yesil sentez ile nanopartikiil tiretiminde mantarlar, bitkiler ve mikroorganizmalar kullanilir. Diger
yontemlere alternatif olarak bitkileri kullanarak nanopargacik sentezi, sentezinin kolayligi, diisiik maliyeti
ve ¢evre dostu olmasi ile olduk¢a dnemlidir. Bu teknikle iiretilen metal oksit nanopartikiilleri bircok alanda
kullanilmaktadir. Bu c¢alisma ile Diospryros kaki (Trabzon hurmasit) meyvesinin kurutulmus kabuklari ile
yesil sentez yolu ile nanopartikiil sentezlenmis ve optimum kosullar1 belirlenmistir. Bu amag¢ dogrultusunda
farkli pH (2, 6, 8, 10) ve sicaklik (40 °C, 60 °C ve 80 °C) kosullarinda ¢inko nanopartikiillerin tiretimi
deneyleri yapilmig ve elde edilen nanopartikiiller karakterize edilmistir. UV-goriiniir spektrofotometre,
SEM, Zetasizer ve EDAX analizlerinden elde edilen sonuglar nanopartikiil sentezindeki optimal kosullar1
belirlemek i¢in kullanilmistir. Optimum nanopargacik tiretimi igin uygun pH degerinin 10 ve reaksiyon
sicakliginin 60 °C oldugu kanitlanmustir. Uretilen nanopargacik boyutu 168 nm olarak belirlenmistir. Elde
edilen nanoparg¢aciklar nanotip uygulamalari igin uygun bir malzeme olarak kullanilabilir.

Anahtar Kelimeler: Nanopartikiiller, Metal nanopartikiiller, Yesil kimya teknolojisi

Green Synthesis and Characterization of Zinc Oxide Nanoparticles Using
Diospyros kaki L. Bark Aqueous Extract

Abstract

In recent years, green synthesis has attracted a lot of attention due to its minimal impact on human health
and the environment. Fungi, plants and microorganisms, are used in the production of nanoparticles by
green synthesis. Nanoparticle synthesis using plants as an alternative to other methods is very important
because of its ease of synthesis, low cost and environmental friendliness. Metal oxide nanoparticles
produced by this technique are used in many fields. In this study, nanoparticles were synthesized from the
dried peels of Diospyros kaki (Persimmon) by green synthesis and their optimum conditions were
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determined. For this purpose, zinc nanoparticles production experiments were carried out under different
pH (2, 6, 8, 10) and temperature (40 °C, 60 °C and 80 °C) conditions and the obtained nanoparticles were
characterized. The obtained results of UV-visible spectrophotometry, SEM, Zetasizer and EDAX analyzes
were used to determine optimal conditions in nanoparticle synthesis. It has been proven that the appropriate
pH value for optimal nanoparticle production is 10 and the reaction temperature is 60 °C. The produced
nanoparticle size was determined as 168 nm. The obtained nanoparticles can be used as a suitable material

for nanomedicine applications.

Keywords: Nanoparticle, Metal nanoparticles, Green chemistry technology

1. GIRIS

Nanoteknoloji, nano 6lgekte malzeme ve cihazlarin
sentezi, karakterizasyonu ve uygulamasina
odaklanmis uygulamali bir bilim alanidir. Nano
kelimesi yunanca bir kelime kdkiinden gelip ciice
anlamina  gelmektedir. Nanometre metrenin
milyarda birine esit bir uzunluktur. Nanoteknoloji,
1 ila 100 nanometre skalasinda maddenin atomik ve
molekiiler siralamasimin degistirmesi ile maddeye
yeni 6zellikler kazanilmasi iglemidir [1].

Nanoteknoloji kelimesi ¢ok giincel bir konu
olmasina ragmen tarihi ¢ok eskilere dayanmaktadir.
Unlii fizikgi Richard Feynman Amerikan Teknoloji
Enstitiisii'ndeki o iinli konusmasi ile “There is
plenty of rooms at the bottom” (Alt kisimda birgok
oda var) diyerek nanoteknolojin gelecegin
teknolojisi olacagina atifta bulunmustur [2].

Nanopartikiil islemlerinde madde ¢esitli islemlerle
nano boyuta geldiginde bambagka bir formasyona
doniisiir. Maddenin mekanik, elektromanyetik,
fiziksel ve kimyasal 6zellikleri degiserek atomlar
arasi kuantum etkiler devreye girer [3].

Nanometre boyut araligir 1-1000 nm arasindadir.
Ama 1-100 nm arasindaki boyut nanoteknoloji
acisindan esastir. Maddenin bu boyut aralifinda
ylizey alani genisler ve yiizeydeki birim alana diisen
atom sayisi artar. Parcacik boyutu azaldigi igin
kuantum mekaniginin alanina girmesi maddeye
bambaska ozellikler kazandirir [4]. Ornegin altin
metali nano hale geldigi zaman renk degistir, mavi
ya da kirmiz1 hale donebilir.

Maddenin  ozelliginin ~ degigmesinden  ve

boyutundan o6tiirii birgok alanda nano maddeler
kullanilmaya baglanmistir. Savunma, havacilik,
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uzay, sanayi, kimya, tip, biyoloji gibi bir¢ok alanda
kullanilmaktadir.

Temel olarak nanopartikiil (NP) sentezlenmesinde
iki  baglik halinde incelemek miimkiindiir.
Bunlardan birincisi “asagidan yukariya,” ikincisi
“yukaridan agagiya” adi verilen yoOntemlerdir.
Yukaridan asagiya yontemi daha cok fiziksel
miidahaleler sonucu maddenin biiyilk halinden
kiigiik (nano) haline getirilmesidir. Asagidan
yukartya metodunda ise molekiiller, atomlar bir
takim kimyasal tepkimler yolu ile biyiitilmesi
islemidir. Asagidan yukartya olan metot islemleri
daha cok kimyasal olup, yukaridan asagiya olan
metot islemleri fizikseldir. Yukaridan asagiya olan
metotlar: Mekanik 6glitme, kimyasal agindirma,
sicaklik/lazer uzaklastirma, piiskiirtme olarak
orneklendirilir. Asagidan yukariya olan metotlar:
Buhar biriktirme, kimyasal ¢Oktiirme,
atomik/molekiiler yogunlastirma, sol-jel metodu,
sprey proliz, lazer piroliz, aerosol prosesler ve yesil
sentez metodudur [5]. Yukarida siralanan tim
metotlar yesil sentez haric hem maliyet acisindan
hem de toksik yan madde olusumu agisindan
dezavantajlidir. Yesil sentez metodu diger kimyasal
ve fiziksel metotlarda iiretilen nanopartikiillere gore
cevreye uyumlu, toksik maddesi olmayan, maliyeti
az olan bir metottur [6].

Nanopartikiillerin yesil sentezinde
mikroorganizmalar, bitkiler, bitki yapraklari, bitki
govdeleri, meyveleri  ve  deniz  algleri
kullanilmaktadir.

Yesil sentez metodu, organizmalarin igeriginde
bulunan  vitaminler, proteinler, enzimler,
fitokimyasallar (alkolidler, fenolikler, gilikosidler
vb.) gibi ¢esitli biyomolekiillerin metalleri
indirgemesine  dayanir [7,8]. Bu iyonlan
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indirgemek icin bitki ekstrakt’inin kullanilmasi
1900°’li yillardan beri bilinen bir metottur. Ama
prosesteki indirgeyici ajanlarin  dogasi1 hala
tartigmal1 ve belirsizdir.

Trabzon hurmasi su an iilkemizde bir¢ok iklim
kosullarina uyum saglamis olan bir bitki olup, ticari
olarak iilkemize Trabzon’dan girmis olmasindan
dolayr ismi “Trabzon Hurmasi”dir. Cogu
bolgelerde cennet meyvesi adi ile adlandirilir. Bu
tiiriin en yaygin oldugu yer Karadeniz’dir.

Bu meyve tiirleri ¢ok farklilik gostermesinden
dolay1 tiiketimin arttirilmasi planlanmaktadir [9].

Trabzon hurmast bir¢ok vitamin, polifenol,
karotenoidler bakimindan yogun oldugu igin eski
zamanlarda da simdi de hem kurutularak hem de
taze olarak tiiketilir [10]. Ayrica gida sanayisinde de
cok kullanir, bununla beraber yapraklar
kurutularak ya da yas bir sekilde ¢ay olarak da
kullanilir [11].

Ulkemize ne zaman getirildigi kesin olarak
bilinmemekle birlikte ¢ok eskiden beri yetistiriciligi
yapilmaktadir.

Diinyada hizli sanayilesme ve niifusun artmasi ile
¢ok ciddi bir atik problemi sorunu ile
karsilasilmistir. Bu atik miktar1 iginde bitkisel
atiklar olarak tamimlanan g¢igekler, agaglar v.b
mevcuttur. Artan bitkisel atiklar1 yeni teknolojik
iirlinlere doniigtiiriilmesi 6nemlidir [12,13]. Bircok
bitkide Kabuk-meyve oraninin %15-10 arasinda
oldugu bilinmektedir [14]. Trabzon Hurmasi
Tiirkiye’de ortalama 2019 yilinda tiretimi 51 bin ton
civarindadir. Buna gore ¢ope giden hurma kabugu
miktar1 yillik ortalama 5 bin tondur [14].

Hurma kabugunun igerdigi énemli fenolik ve diger
degerli bilesenlerden dolayir degerlendirilmesi ve
yapilan literatiir caligmalarinda hurma kabugu ile
ilgili bir ¢aligma olmamasi ¢alismanin 6zgiinligi
acisindan oldukga 6nem arz etmektedir. Daha 6nce
Trabzon hurmasi kabuklar1 yoluyla nanoopartikiil
sentezlenmesi ile ilgili herhangi bir calismaya
rastlanmamigtir. Bu c¢alisma ile ilk kez bu atik
materyalden katma degeri yliksek nano boyutta bir
iirlin Gretilmistir.

C.U. Miih. Fak. Dergisi, 38(3), Eyliil 2023

2. YONTEM
2.1. Diospryros kaki Ekstraktinin Hazirlanmasi

Calisma kapsaminda kullanilacak olan Diespyros
kaki L. (Trabzon Hurmasi) bitkisi, Gaziantep il
sinirlart igerisinde ¢esitli manav ve marketlerden
temin edildi. Trabzon Hurmasi kabuklarindan Rao
ve dig., tarafindan Onerilen yonteme gore Oziit
hazirlandi [15]. Ilk olarak hurma kabuklar1 soyulup
saf su ile iyice yikandi. Yikandiktan sonra oda
sicakliginda 7 gin  kurutuldu ve mekanik
parcgalayicida kiigiik parcalara ayrilmasi saglandi.
Kurutulan kabuklardan 20 gram tartild1 ve iizerine
100 mL su ve 25 mL %70’lik etil alkol ilave edildi.
Manyetik karistirici tizerinde 65 °C’de 1 saat hem
1sitma hem de karistirma islemi uygulanarak sabit
sicaklikta 6ziit hazirlandi. Elde edilen 6ziit 1 saat
boyunca oda sicakliginda bekletildi, sonrasinda
siizgecten gecirildikten sonra 3 defa oda
sicakliginda 1500 rpm’de 15’er dk. santrifuj
uyguland1 (Sekil 1). Elde edilen siipernatant
+4 °C’de koyu renkli cam siselerde muhafaza edildi
[15].

kaki  kabuklarindan  0ziit

Sekil 1. Diospyros
hazirlanmasi1 A: Diospyros kaki (Trabzon

kabuklarinin
kabuklarin
D: NP

hurmasi) B:  Meyve
kurutulmas1  C:Kurutulmus
kiigiik parcaciklara ayrilmasi
iiretimi i¢in hazirlanan 6ziit

2.2. Yesil Sentez Yolu ile Cinko Oksit
Nanopartikiiliiniin Sentezlenmesi
ZnONP'lerin  sentez reaksiyonunda, Trabzon

Hurmasi kabuklarindan elde edilen sulu ekstrakt
indirgeyici-stabilize ajan olarak kullanildi. NP
iiretiminin optimum kosullarinin belirlenmesi igin
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farkli pH kosullar1 ve farkli sicakliklarda iiretim
yapildi. Oncelikle sentezin ilk asamasinda, sabit
konsantrasyondaki (%1 (m/m)) ZnCl, (Cinko
Kloriir) ¢ozeltisine bitki 6ziitii (20 ml) damla damla
ilave edildi. Sonrasinda pH (pH:2, pH:6, pH:8 ve
pH:10) ayarlamas1 HCI ve NaOH ile yapilmis olup
optimizasyon i¢in belirlenen reaksiyon sicakliginda
(40 °C, 60 °C ve 80 °C) manyetik karistiricida hem
1sitma (2 saat) hem karistirma (250 rpm) islemleri
uygulandi. Bu iglemden sonra elde edilen iiriinler
(ZnO NP’ler) oda sicakliginda karanlikta 12-15 saat
muhafaza edildi [16].

12-15 saat bekletilen iirtinler iki sefer saf su ile bir
kerede etil alkol kullanilarak santrifiij edildi (4000
rpm-15er dk). Bu sekilde iiretilen NP’ler saf bir
hale getirildi. Santrifiij isleminden sonra
biyosentezlenen Cinko Nanopartikiilleri etiivde 24
saat 80-90°C’de sicaklik altinda kurutuldu. Elde

edilen nanopartikiiller analiz edilene kadar
desikatorde karakterizasyon islemleri yapilana
kadar saklandi.

2.3 Optimizasyon Calismalari

Optimizasyon  kapsaminda  su  calismalar
yapilmistir;

e 40 °C inkiibasyon sartlarinda pH:2, pH:6,
pH:8 ve pH:10 NP iiretimi
e 60 °C inkiibasyon sartlarinda pH:2, pH:6,
pH:8 ve pH:10 NP iiretimi
e 80 °C inkiibasyon sartlarinda pH:2, pH:6,
pH:8 ve pH:10 NP iiretimi
2.4 Cinko Oksit
Karakterizasyonu

Nanopartikiillerinin

Cinko Nanaopartikiillerin 200-800 nm dalga boyu
arasindaki  absorbans  degerleri  UV-visible
spektrofotometrede (WTW PhotoLab® 7600 UV-
VIS, Xylem Analytics, Germany) analiz edildi.
Partikiil sekli ve boyutu Taramali Elektron
Mikroskopisi (SEM) (Quanta 400F Field Emission,
Thermo  Scientific, ABD) ile  olgildii.
Biyosentezlenen  nanopartikiillerin ~ elemental
bilesigini gormek icin Enerji Dagilimi X-ray
Analizi (EDAX) (Zeiss Leo 1430 VP, Carl Zeiss
AG, Germany) kullanildi. Sentezlenen ZnONPs’nin
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boyut dagilimlar1 ZetaSizer cihazi (Malvern
ZetaSi1zer Nano ZEN3600, Carl Zeiss, Germany) ile
Ol¢iildii.

3. BULGULAR

3.1. UV-VIS Spektroskopi

Bu c¢aligmada yesil sentez metodu ile ZnONP
sentezinde  optimum  kosullarin  saptanmasi
amactyla pH ve sicaklik parametreleri incelenmis
ve bunlar arasindan optimum kosulu saglayan
degerler seg¢ilmistir.

Cizelge 1. Optimizasyon Caligsmalari

H Sicakhik
P 40°C 60 °C 80 °C
NP NP NP
pH:2 Olusumu Olusumu Olusumu
gbzlenmedi | gozlenmedi | gdzlenmedi
NP NP NP
pH:6 Olusumu Olusumu Olusumu
gbzlenmedi | gbzlenmedi | godzlenmedi
DH:8 NP NP NP
) Gozlendi Gozlendi Gozlendi
o NP NP NP
) Gozlendi Gozlendi Gozlendi

Tim bu ¢aligmalarda reaksiyon takibi, reaksiyon
ortamindan alinan orneklerin UV-VIS
spektrofotometre’de distile suya karsi baz alinarak
300-400 nm dalga boyu araliginda verdikleri
absorpsiyon degerlerinin incelenmesiyle
yapilmistir. pH:2 ve pH:6 kosullarinda NP iiretimi
olmadigindan (Cizelge 1). pH:8 ve {iizerindeki
kosullarda {iretilen NP’lerin spektrofotometre
cihazinda (WTW PhotoLab® 7600 UV-VIS)
maksimum absorpsiyonunun oldugu dalga boylari
belirlenmistir (Sekil 2).

Literatiirdeki diger calismalar Cinko
nanopartikiillerin sentezinin dogrulugunu
330-380 nm arasindaki dalga boylar1 arasinda
maksimum absorbans degerinin tespit edilmesiyle
dogrulanacagini ifade etmektedir [17,18]. Sekil 2
incelendigi zaman farkl kosullarda iiretilen NP’nin
ortalama 350-366 arasi maksimum absorbans
verdigi  gozlemlenmistir.  Bununla  birlikte
pH:10-T:60 °C ve pH:8-T:60 °C kosullarinda
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biyosentezlenen NP’lerin 358-360 nm araliginda en
yliksek absorbansi vererek grafikte keskin ve net bir
pik olusturdugu goriilmektedir.

UV-Visible

0,2
0
gnougnandngnpaan
Yo} (o) o n 9] — < ~
DB m T oo FoldgmomBoldond ol
o o (a2} o (a2} (32} on (a2}

= pH:8-T:40°C = pH:10-T:40 °C

== pH:8-T:60°C = pH:10 -T:60°C

———pH:8-T:80°C = pH:8-T:80°C

Sekil 2. Farkli kosullarda iiretilen ZnONP'lerin
farkli dalga boylarinda UV visible
spektrofotometrede elde edilen absorbans
degerleri

3.2. SEM ve EDAX Analizi

UV sonuglari ile pH:10-T:60°C ve pH:8-T:60°C de
kosullarinin disinda sentezlenen NP’ler elenmis
olup bu iki kosulda iiretilen NP’lerin SEM ve
EDAX analizi yapilmustir.

SEM cihaz1 ile goriintiilenen ¢inko
Nanopartikiillerin siki bir sekilde homojen bir
dagilim sergiledigi ve literatiir ile
degerlendirildiginde de kiiresel sekilde oldugu
goriilmiistiir (Sekil 3 ve 4). Literatiirde Ornegin
Saponaria officinalis (S. officinalis) otu tarafindan
tretilen ZnONP’nin SEM goériintiileri igin kiiresel
formda, piirtizlii ortii ile kapl ve partikiil boyutu
20-80 nm araliginda belirlendi [19]. Bir ¢alismada
da Aloe vera yapraklarindan elde edilen
ZnONP’lerin SEM goriintiisii kiiresel formda ve
partikiil boyutu 25-65 nm araliginda oldugu tespit
edildi [20].
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Sekil 3. pH:8,T:60 °C’da iiretilen NP’nin SEM
goruntiisi

10/10/2022 | det HV

—1ym—

METU CENTRAL LAB

mag |spot| WD
8:24:11 PM|ETD [20.00 kV |60 000 x | 3.

Sekil 4. pH:10, T:60 °C’da iiretilen NP’nin SEM
gorlintiisi

Biyosentezlenen = nanopartikiillerin ~ kimyasal
yapisint aydinlatmak amaciyla yapilan EDAX
mikrograflarina bakildiginda, numunede Zn ve O
disinda bagka element i¢in pik ¢ikmamasi
biyosentezlenen nanopartikiillerin safligini
gostermektedir (Sekil 5 ve 6). Ayrica bu analize ait
verilerden, sentezlenen ZnO NP’lerin % bilesiminin
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yaklagik olarak ZnO molekiiliiniin teorik bilesimi
(%75 Zn, %25 O) ile ayn1 oldugu belirlenmistir.
Bununla birlikte 0,5 KeV’de tanimlanan bir O tepe
noktast ve 1,8 -8,4 ve 9,8 KeV ‘de tanimlanan ii¢
adet Zn tepe noktasinin ZnONP oldugunu
dogrulamaktadir [21].

Zn

Zj
In
i J

2.00 4.00 6.00 8.00 10.00 12.00 ke

EDAX ZAF Quantification (Standardless)
Element Normalized
SEC Table : Default

Element We %

0K 20.15 50.76
ZnK 79.85 49.24
Total 100.00 100.00

Sekil 5. pH:8, T:60 °C da iiretilen NP’ nin EDAX
gorintiisi

At % K-Ratio Z A F

0.0597  1.1247 0.2628
0.7712 0.9592 1.0069

1.0022
1.0000

Zn

¥d
Zn
bbb . i

2.00 4.00 6.00 8.00 10.00 12.00 keV

EDAX ZAF Quantification (Standardless)
Element Normalized
SEC Table : Default

Element Wt % At % K-Ratio z A F

0K 24.17  56.57 0.0736 1.l1168 0.2720

1 1.0020
0.7277 0.9517 1.0083

ZnkK 75.83 4343 1.0000

Total 100.00 100.00

Sekil 6. pH:10, T:60 °C’da iiretilen NP’nin EDAX
goruntiisi
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3.3 Parcacik Boyut Dagilimi

UV sonuglari ile pH:10-T:60 °C ve pH:8-T: 60 °C’
de kosullarinin diginda sentezlenen NP’ler elenmis
olup bu iki kosulda iiretilen NP’lerin Zetasizer ile
boyut analizi yapilmistir.

Zetasizer sonuglarinda PDI (Polidisperse) degerinin
0,4’den diisiik olmas1 olduk¢a 6nem arz etmektedir.
Bu degerin 0,4’den kiigiik olmas1 boyut verilerin
homojen oldugunun, 0,7°den biiylik olmas1 ise
genis partikiil boyut dagilimmna sahip oldugunun
gostergesidir [16]. pH:8-T:60 °C biyosentezlenen
NP’lerin Zetasizer sonuglarinda boyut analizi 203
nm olup PDI degeri 0,4’den diigiiktiir (Sekil 7).
pH:10-T:60 °C biyosentezlenen NP’lerin Zetasizer
sonuglarinda boyut analizi 168 nm olup PDI degeri
0,4’den diisiiktiir (Sekil 8).

Results

Diam. (o) % Volume  Width (nm)
Peak1: 1648 1000 46,52
Peak2 0000 00 0,000
Peak3; 0000 00 0,000

T-Average (dm): 2035
Pal: 0343

Intercept: 0951
Resul qualty ¢

Size Distoution by Vokume

Wolume (95)
=

0l 0 0 100 10000
Size (dnm)

= Record 1080: 3190702 (20D} 1

Sekil 7. pH:8, T:60 °C’da iiretilen NP nin Boyut
analizi
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Results
Diam.(nm)  %Volume  Width (m)
T-Average (d.nm): 1686 Peak1: 1272 1000 4135
Pdl: 0,345 Peak2: 0,000 00 0,000
Intercept: 0,971 Peak3: 0,000 00 0,000

Result quality Go0q

Siza Distrbution by Volume

walume (36)
=

01 1 10 00 1000 10000
Size (dnm)

= Recard 1077: 3790701 (Zn0) 1

Sekil 8. pH:10, T:60°C’da iiretilen NP nin Boyut
analizi

4. TARTISMA VE SONUC

Yapilan calismada biyosentezlenen ZnONP,
karakterizasyonu ve yapisal Ozellikleri UV-VIS
spektroskopisi, SEM, EDAX ve boyut analizi ile
incelenmistir.

Bu kapsamda ¢inko nanopartikiillerin biyosentezi
i¢in ilk olarak gesitli parametrelere dair farkli ortam
kosullar1 denenerek optimal {retim kosullart
saptanmasi amaglanmistir. Bu dogrultuda

e 40 °C inkiibasyon sartlarinda pH:2, pH:6,
pH:8 ve pH:10 NP iiretimi

e 060 °C inkiibasyon sartlarinda pH:2, pH:6,
pH:8 ve pH:10 NP iiretimi

e 80 °C inkiibasyon sartlarinda pH:2, pH:6,
pH:8 ve pH:10 NP iiretimi yapilmistir

Once pH denemeleri yapilmis olup pH:8’den kiigiik

degerlerde NP olusumumdaki ilk kanit olan NP
olusumuna 6zgii renk degisimi godzlenmemistir.
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Dolayist ile de NP olusumu da olmamustir. pH:8’de
NP’nin olusumun ilk asamasi olan beyaz renk
¢Ozeltisinin olusmasi reaksiyonun baglamasinin
tipik bir 6rnegidir. Asidik ortamdan bazik ortama
gidildikge biyosentezlenen nanopartikiill orani
artmistir. pH:8’den NP’nin olusumu kalitatif olarak
renk degisiminin gozlenmesi ile tespit edilmis,
sonrasinda ise yapilan UV, EDAX, SEM, boyut
analizi ile de bu durum kanitlanmistir. Bazik
ortamda gdzlenen bu olumlu gelisme, bitki ekstrakti
bilinyesindeki fenolik yapilarin iyonizasyonuna
baglanmistir [22].

UV-VIS spektrofotometrede ZnONPs’nin
maksimum absorbans verdikleri dalga boyu
literatiirde 330 ve 370 nm olarak belirtilmistir [23].
Cinko nanopartiillerin 330 ile 380 nm arasindaki
absorbans degerleri partikiillerin = sentezlerinin
gerceklestirildigini gostermektedir [17]. Bununla
birlikte literatlir spektrofotometre sonuglarinda
absopsiyon piklerinin simetrik keskin ve net
olmasini baz almaktadir [16].

Farkli iretim kosullarinda {iretilen NP’lerin
spektrofotometre sonuglarina gore (Sekil 2)
pH:10-T:60 °C ve pH:8-T:60 °C’de kosullarinda
sentezlenen NP‘lerin absorbans araligi 358-360 nm
arasinda keskin ve net bir pik verdigi goriilmiistiir.
Diger {iretim sartlarinda {iretilen NP‘lerin bu
kriterlere uymadigindan optimal kosullarin diginda
kalmastir.

pH:8-T:60 °C biyosentezlenen NP boyutu da

203 nm oldugu gorilmistir (Sekil 8).
pH:10-T:60 °C ve biyosentezlenen NP’lerin
Zetasizer sonuglarinda boyut analizi 168 nm

(Sekil 7) olup PDI degeri 0,4 den disiiktiir.
Literatiirdeki birgok calisma 200 nm’den daha
kiigiik boyutta olan nanopartikiillerin nanotip
uygulamalari igin uygun oldugunu bildirmektedir
[23]. Yapilan optimal kosul denemelerinde
yukaridaki deney sonuclarinda da gortldigi gibi
pH:10-T:60 °C reaksiyon kosullar1 Diospryros kaki
kabuklar1 kullanilarak yapilan NP iiretiminde en
optimal kosul secilmis olup yesil sentez yolu ile
optimal kosullarda iiretilen bu ¢inko nanopartikiilii
nanotip uygulamalarinda kullanilabilir.
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Abstract

Highway transportation is the most used type of transportation and logistics way of the 20th century. Today,
the increasing need for transportation and logistics has caused a great interest in the number of vehicles in
traffic. In this direction, automotive manufacturers continue their efforts to develop new designs and
production methods in order to make vehicles safer, reduce the damage they cause to the environment, and
increase their comfort. This article examines crash boxes within the scope of vehicle security systems.
Multi-cell crash boxes, which are innovative crash box designs, are investigated for the effects of the cross-
sectional area on energy dissipation performance. Within the scope of the study, four groups of crash boxes
with circular, square, hexagonal, and octagonal outer sections with different inner and outer wall variations
were designed. Then, the crash performances of the designed crash boxes were determined. As a result of
the studies, the developed O6 model is the best crash performance as developed 23 model. The specific
energy absorption(SEA) and energy absorpstion (EA)of the O6 model are 20.37 klJ/kg and 9.98 kj
respectively. The results of the O6 are the best value compared with the other 23 designs developed in this
research.

Keywords: Crashworthiness, Multi-cell crash box, Thin-walled structures, Energy absorption

Cok Hiicreli Carpisma Kutularinin Carpisma Performansinin Incelenmesi
Oz

Karayolu tasimacilig1 20. yiizyilin en ¢ok kullanilan ulasim ve lojistik yoludur. Giiniimiizde artan ulagim
ve lojistik ihtiyaci, trafikteki ara¢ sayisinda biiyiik bir artisa neden olmustur. Bu dogrultuda otomotiv
iireticileri, araglar1 daha giivenli hale getirmek, ¢evreye verdikleri zarar1 azaltmak ve konforlarini artirmak
amaciyla yeni tasarim ve liretim yontemleri gelistirmek i¢in ¢aligmalarim siirdiirmektedir. Bu makalede
arag¢ giivenlik sistemleri kapsaminda yer alan ¢arpigma kutulart incelenmistir. Yenilik¢i ¢arpigma kutusu
tasarimlari olan ¢ok hiicreli ¢arpisma kutulari, kesit alaninin enerji yayilim performansi tizerindeki etkileri
acisindan incelenmistir. Calisma kapsaminda, farkli i¢ ve dig duvar varyasyonlari ile dairesel, kare, altigen
ve sekizgen dis kesitli dort grup carpisma kutusu tasarlanmistir. Daha sonra tasarlanan ¢arpisma kutularinin
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carpisma performanslart belirlenmistir. Yapilan c¢aligmalar sonunda gelistirilen 24 farkli carpisma
kutusundan en iyi ¢arpisma performansina sahip yeni bir ¢ok hiicreli ¢arpisma kutusu gelistirilmistir.
Yapilan ¢aligmalar sonucunda O6 modelinin 20.37 kJ/kg ile diger 23 tasarimdan daha iyi spesifik enerji
soniimleme degerine sahip oldugunu ortaya koymustur.

Anahtar Kelimeler: Carpisma dayanimi, Cok hiicreli ¢arpisma kutusu, Ince cidarli yapilar, Enerji emilimi

1. INTRODUCTION

Today, road transportation is preferred more than
other types of transportation, and therefore the
number of vehicles used is increasing daily. Due to
the increase in the number of vehicles, traffic
accidents are more common, and this causes many
injuries and deaths. According to the Turkish
Statistical Institute (TUIK) and the General
Directorate of Security (EGM) data, there were
1.168.144 traffic accidents in Turkey in 2019,
resulting in 5.473 deaths and 283.234 injuries. Due
to the increase in traffic-related deaths and injuries,
automotive designers give more importance and
make efforts to develop new safety systems in
vehicles and improve existing safety systems. These
security systems can be examined under two
headings active and passive security systems.
Active safety systems are designed to prevent
accidents before they happen. Passive safety
systems aim to reduce the effects of accidents on
human health and to minimize the material damage
that may occur when active safety systems are
insufficient to prevent accidents. In this study, crash
boxes under the heading of passive safety systems
will be examined. The positions of the crash boxes
on the vehicle are shown in Figure 1.

Figure 1. Positions of the energy absorbers
Recent research in the development of shock-

absorbing structures is more about multicellular
thin-walled tubes. Ahmad and Thambiratnam
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examined the effects of the geometry and loading
angles of the tubes on the behavior of these
structures in their study, in which they examined the
energy absorption ability of conical tubes.
According to their results, adding foam filling to the
structures  increased energy absorption by
stabilizing the crushing process [1]. Mehdi et. al.
applied crush tests to square and rectangular hollow
and polyurethane foam-filled pipes to develop
analytical formulas to be used to predict folding
load and examined the interactions between model
walls and polyurethane foam [2]. Meran
investigated the crash resistance of thin-walled
pipes by designing them in different geometric
sections and examined the effects of the section
geometry of these structures on the crash resistance
parameters [3]. Eyvazyan et. al. examined the
square-shaped pipes with vertical grooves in the
axial loading condition [4]. They concluded that the
vertical wave height affects the maximum load.
Taghipoor et. al. examined the crash resistance
properties of different crash boxes at low-speed
loading [5]. Then, they continued their experiments
by creating deformations on the model surfaces to
reduce the models' weight and the maximum
crushing force. They observed that the square-
shaped tube filled with aluminum foam showed
better crash resistance performance in different
configurations. Alavi Nia et. al. and Vimal et. al.
examined multi-cell crash boxes of different cross-
sections in their study [6,7]. They concluded that
hexagonal and octagonal multi-cell crash boxes had
better crash resistance performance than square-
shaped multi-cell crash boxes. Xu et al. investigated
the factors affecting the energy absorption
parameters with the crash strength analysis they
conducted on hexagonal pipes with a hierarchical
structure [8]. In general, it has been examined multi-
cell tubes [9]. El-Hage et. al. studied the load-
displacement properties of square aluminum tubes
subjected to quasi-static axial crushing and the
effects of the trigger mechanism on the folding

C. U. Miih. Fak. Dergisi, 38(3), Eyliil 2023



pattern [10]. They preferred chamfering, drilling
triangular holes, creating geometric imperfections
in the model, and combining these as the triggering
mechanism. The study showed that the trigger
mechanism could significantly control the
maximum crush force but did not cause significant
effects on the average crush force. Alkhatib et. al.,
in their study examining the impact of corrugation
on the crash resistance behavior of corrugated
conical pipes, concluded that reducing the
maximum crushing force during the crushing of
corrugations is possible with corrugations with long
wavelengths [11]. Arnold et. al. studied the crash
resistance in the presence of circular discontinuities
in pipes and concluded that an increase in hole
diameter could reduce the maximum crushing force
but can cause cracks in the pipe walls during axial
crushing if the hole diameter is larger than 32 mm.
[12]. Bodlani et. al., in their study examining the
effect of circular perforated pipes on crash
resistance under axial loading, concluded that
drilling holes in the side walls of shock absorbers
could reduce the maximum pick force but found that
if the number of holes exceeded two, the maximum
pick force did not decrease reasonably [13,14].

Marzbanrad et. al. investigated the crash
performance of a circular pipe [15]. Yamashita et.
al. examined hollow cylindrical pipes in different
polygonal sections and showed that the increase in
the number of corners in the sections increases the
breaking strength, while it almost maximizes it
beyond the 11 corners [16]. Yang et. al. examined
the design optimization of multi-cell crash boxes
and proposed three models with origami patterns to
reduce the maximum pick force and increase the
average pick force [17]. According to the results
they obtained, it was seen that the five-cell origami
crash boxes met the intended values. Bigdeli et. al.
used DoE and multi-lens particle swarm
optimization (MOPSO) algorithm for the
optimization of multi-cell crash boxes [18].

Albak has worked on twenty-four different models
and modeled the inner wall and connection walls to
be shorter than the length of the outer wall in the
round, square, and hexagonal cross-section multi-
cell crash boxes he designed [19]. Li et. al. proposed
a new design method combining multi-slot and
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multi-cell configurations and designed multi-cell
shock absorbers with triangular, circular, and
square flutes [20]. Based on the results, they
determined that the three-row and three-cell model
was the best model. They stated that due to the
multi-objective optimization study on the best
model, the specific energy absorption value
increased by 2.39%, and the crush force efficiency
increased by 7.69%. The study confirms that multi-
groove and multi-cell energy absorber designs
positively affect energy absorption parameters and
can be used in the automotive industry. Ma et. al.
propose a multi-cell corrugated energy absorber
model inspired by natiire [21]. The model includes
two parts, the first part is a skeleton structure
located inside, and the second part is a corrugated
tube into which the skeleton structure is placed.
Kim modeled multi-cell crash boxes with square
sections and trigger mechanisms at each corner
[22]. It was observed that these models performed
much better than flat rectangular crash boxes
regarding the amount of energy dissipated and
specific energy absorption. It was made
optimization studies to maximize the specific
energy absorption and addressed this process's
gradual folding problem. As a result, it has been
shown that multi-cell crash boxes are more
advantageous than traditional single-cell energy
absorbers. Sun et. al. aim to examine the effects of
axial configurations of multi-cell crash boxes as
hollow and foam-filled on the energy absorption
parameters and optimize wall thickness and foam
density [23]. As a result of the study, it was seen
that the model with five cells and four cells at the
corners filled with foam had the best values when
compared to other topological configurations.
Finally, optimization studies were carried out on the
five-cell model with four foam-filled cells in the
corners, keeping the wall thickness and foam
density parameters variable. The specific energy
absorption value of the new model designed as a
result of the optimization study is 6.15% higher than
the model designed before the optimization. Gao et
al. proposed a foam-filled shock absorber model
with an elliptical cross-section and compared this
model with foam-filled crash boxes by applying
different load directions [24]. Their analysis
concluded that the foam-filled tube gave better
results in different load directions. In the
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continuation of the study, the experimental design
method was preferred to examine the radial ratio,
wall thickness, and foam density values. Finally,
optimization studies were carried out to maximize
the specific energy absorption value and minimize
the maximum crushing force under different load
directions with the NSGA-II method. After the
optimization studies, it was observed that the
specific energy absorption value of the optimized
foam-filled ellipse-section energy absorber was
increased by 35%, and the maximum crushing force
value decreased by 20% compared to the model
before the optimization. Albak worked on multi-
cell, polygonal, and vertex-coupled energy
absorbers [25]. In his study, he examined the energy
absorption parameters of twenty-one different crash
boxes containing these three configurations under
axial and angular loads.

2. ANALYSIS OF THE MULTI-CELL
CRASH BOXES

Within the scope of the study, crash box models
with 24 different cross-section geometries were
created, and the crash strength parameters of these
models were examined. The developed models
were examined in four primary categories: circle,
square, hexagonal, and octagonal cross-sectional,
according to the outer wall section geometries. The
cross-sectional configurations of models are shown
in Figure 2.

c1 2 3 4 cs ]
s1 2 ] S4 $5 s6
H1 H2 H3 H4 H5 H6
o1 02 03 04 | o5 06

Figure 2. Cross-sectional configurations of models
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Various parameters are mentioned in the literature
to examine the performance of energy absorbers. In
this study, the performance of crash boxes was
investigated by examining parameters such as
energy absorption (EA), specific energy absorption
(SEA), peak crushing force (PCF), average
crushing force (MCF), and crushing force
efficiency (CFE).

Specific energy absorption can be calculated from
Equation 1 [26].

_ A
SEA == (1)

Where EA represents the energy absorption and m
represents the total mass of the energy absorber.

The ratio of the absorbed energy to the total
crushing length in the axial direction is expressed as
the average crushing force. The mean crushing
force is obtained using Equation 2 [27].

MCF = % 2)

Here, given by EA is the energy absorption, and d
is the total length of the energy absorber.

Peak crushing force (PCF) is the name given to the
highest value force that occurs due to the axial loads
on the crash absorber at the time of the crash. It is
calculated by Equation 3 [28].

PCF = max[F (x)] 3)

It is a value that automotive designers want to keep
at low values, as the peak crushing force can cause
the crash absorber to transmit the axial force
directly to the other components of the vehicle
without functioning.

The crush force efficiency (CFE) is expressed as the
ratio of the average crush force to the maximum
crush force and is calculated by Equation 4.

CFE =2 )
PCF

A high value of crush force efficiency in an energy
absorber design does not indicate that the amount of
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absorbed energy will be high under all conditions.
The desired feature of crash boxes is to have a high
average crushing force and a low maximum
crushing force value.

The material of the crash boxes was determined as
Al 6063-T5 by using the studies on this subject in
the literature. Wu et al. (2016) tested the Al 6063-
T5 specimen in MTS 322 material testing device
according to ASTM E8M-04 standard in their study
and reached the material's stress-strain curve. The
stress-strain curve is given in Figure 3. The poison
ratio, density, elastic modulus, initial yield stress,
and final stress values of the material are given in
Table 1.

Table 1. The material properties of Al 6063-T5 [34

Material AA6063-T5
Density [g/cm’] 2.70
Elastic Modulus [GPa] 68.2
Poisson’s Ratio 0.3
Initial Yield Stress [MPa] 180
Ultimate Stress [MPa] 206

250

200+

- = - Trua_strain vs. True_stress
— 150 —— Engineering_strain vs. Engineering_siress
%
g
& 100
(7
50
0 1 | 1 1
0.00 002 0.04 0.06 0.08 0.10
Strain
Figure 3. The stress-strain graph of Al 6063-T5
[29]
2.1. Analysis Method

In the study, non-linear explicit analyzes of crash
boxes were made. The formulation type of the
models was defined as 'QEPH Shell Formulation' in
the software library. In the finite element structure,
quad elements are used.
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The integration number was determined as '5' along
the thickness and was modeled to 1.5 mm thickness
by using 2mmx2mm surface elements. The length
of the crash boxes used in this paper is 200 mm, and
the diameter is 98.5 mm. 24 crash boxes developed
in this paper have the same length and diameter as
given in Figure 4. The speed of the rigid wall is
defined as 10 m/s, and its mass is defined as 263 kg,
as shown in Figure 4. The "Type7" contact card has
been used for contact situations of crash boxes and
rigid walls. The research studies in the literature
were considered to determine the speed and weight
of the rigid wall [8,28].

Figure 4. Dimension of the O6 crash boxes

In order to prove the accuracy of the analysis, we
considered Wu et. al. [29]. They developed the
crash boxes and performed physical crash tests and
compared the results, and confirmed the analysis
studies. Based on the test study performed in this
study, the physical test was modeled and solved in
the analysis software.

Wu et. al. [29] determined the amount of energy
absorbed as 9.55 kJ in their second physical test
study with the C5 design. Analysis results in this
study were compared, and it was observed that the
results were close to each other. The amount of
absorbed energy obtained in the verification study
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carried out within the scope of this study is 9.75 kJ.
The comparison of the verification

Rigid Wall Mass: 263kg
Velocity: 10m/s

2

L.

Figure 5. Symbolic representation of the FEA
model

Table 2.Comparison of FE analysis and psychical
test results

MCF | PCF | oo | SEA | EA
[kN] [KN] [kd/kg] | [kJ]
IC5 Model
Psychical 79.64 | 18199 | 044 | 2298 | 9.55
Test 2
Validation | o) 55 | 13755 | 059 | 25 | 9.75
lAnalysis
}f,j‘:]'“re Rate | 502 | 2441 | -3497| 879 | -2.00

Work performed with the physical test and the
energy dissipation parameters values are shown in
Table 2.

As seen in Table 2, there are differences in the PCF
parameter between the analysis and physical test
results. The reason for this difference is that the
initiators modeled to keep the starting point of the
buckling under control in the analysis model. In
Figure 6, the crash behavior of the energy absorber
in the finite element analysis results and the crash
behaviour in the test results in the literature study
are shown. The analysis results and the test results
confirm each other.
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Figure 6. The comparison of FE analysis and test
results

The analysis results of the models with circular,
square, hexagonal, and octagonal sections on the
outer wall are shown in Table 3. it is concluded that
all multi-cell crash box models with an inner wall
and connecting walls outperform single-cell
models. When comparing the analysis results, the
best models of all groups were compared. When the
graph shown in Figure 7 is examined, the maximum
crushing force values of the S6 and H6 models are
at higher levels than other models. When the
performance parameters in Table 3 and the crash
force-displacement graph in Figure 7 are examined,
it is seen that the model with the highest amount of
absorbed energy is the O6 model. The absorbed
energy amounts of other models are also
exceptionally high. However, the crush force
efficiencies are lower than the O6 model due to the
high crushing force level.

At the same time, the mass of the S6 model is more
than other models, which is a significant
disadvantage for this model. It can be said that the
06 model is the most efficient. The crash behavior
of this model is shown in Figure 8. It is seen that the
multi-cell energy absorbers are more efficient than
the classical single-cell energy absorber models,
regardless of the cross-section geometry. In all four
groups investigated throughout this research, the
models with an octagonal inner wall were selected
as the best models. Based on this, it can be
concluded that crash boxes with octagonal inner
wall geometry are more efficient than crash boxes
with circular, square, and hexagonal inner walls.
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C6-56-H6-06 Models
Crash Force - Displacement
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Figure 7. Crash force - displacement of C6-S6-H6-
06 models

Table 3. Performance parameters of energy absorbers
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Figure 8. The crash behavior of the O6 model

Model | Mass | MCF | PCF | CFE ] SEA . EA
Name kgl [kN] [kN] % CFE Gain [kJ/kg] % SEA Gain (kJ]

c1 0.25 28.44 77.4 0.37 BE 15.36 -12. 15 3.84

2 |2 049 69.19] 160.6 0.43 124 f 19.06 8.98 9.34
B |c3 0.46] 70.33] 150.04 0.47 7.04 W 18.35 492 B 8.44)
§ ca 055  75.92] 14733 0.52 1943 | 1656 531 B 9.11
3 o 0.46] 76.75] 15087 o051 1713 B | 2002 14473 9.21]
S |cs 047 79.08] 150.47 0.53 21.72 20.19 15.44 9.49
s1 039 23.63] 107.09 0.22 s.15| IS 3.19

v [s2 053 7817 176.13 0.44 1.05 § 17.7 121 | 9.38
3 |s3 056 78.75| 189.07 0.42 3.54F 16.88 348 | 9.45
Z  [sa 052 7092 176 0.4 318 16.37 640 B 8.51
g |ss 053] 7883 17874 0.4 1.05 17.85 206 1 9.4
g |s6 052 7875| 178.64 0.4 1.05 18.17 389 0l 9.45
. |H 0.28 28] o1s4 0.3 135 2281 | 3.7§
T w2 053] 69.04] 177.33 0.39 -10. 17.58 0.52 9.32
2 [m3 049 70.42| 16534 0.43 124 | 17.24 142 | 8.45
s |Ha 052 7158 176 0.41 5.5 17.62 0.75 8.59
g [Hs 05| 75.75| 167.63 0.45 335 1 18.18 395 1 9.09
£ |me 0.5 79| 167.49 0.47 7.04 W 18.9600 8.41 9.48
o1 0.26 28] se.66 0.32 [2651 14.54 “1cEol 3.78

3 |02 0.51 80| 168.19 0.48 10.24 30 18.82 7.61 9.6
2 o3 047] 73.42] 17511 0.47 704 W 18.74 7.15 8.81
s |oa 047  79.17] 156.23 0.51 17.13 20.21 15.56 95
& |os 0.49| 7875 158.32 0.5 14.83 19.29 10.30 9.45
8 |os 049 83.17] 15832 0.53 2172 B 2037 16.47 9.98
3. CONCLUSION experimental results, we have developed 23

In this paper, the crash performance of 24 different
multi-cell crash boxes is investigated. For this aim,
firstly, the C5 model taken from the literature is
investigated. After correcting the C5 model with
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different multi-cell crash box designs, which have
different cross-sections. We investigated the crash
performance of the mentioned models considering
mass, the amount of energy absorption, and specific
energy absorption values. The results given in Table
3 show that the O6 model has the best performance
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with 20.37 kj/kg specific energy absorption and
9.98 kj energy absorption. We concluded that multi-
cell crash boxes are better than single-cell crash
boxes, and the cross-section of the multi-cell crash
boxes is important to improve the performance of
the crash boxes. As future work, optimization of the
multi-cell crash boxes can be made.
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Oz

Gida kurutma, tiriinlerden gilivenli bir sinira kadar nem alma islemi olarak tanimlanmakta ve ¢ok uzun
yillardan beri farkli yontemler ile gerceklestirilebilmektedir. En yaygin kullanilan agik sergi yonteminin
(direk giines altina serilerek) yani sira vakum kurutma, dondurarak kurutma, sera tipi kurutucu, mikrodalga
kurutucu vb. gibi farkli yontem ve teknolojileri igeren kurutucular da gida kurutulmasi igin
kullanilabilmektedir. Bu ¢aligmada, zorlanmis tagmiml tiinel tipi bir sera kurutucu ve i¢ bélmelere ayrilmis
havali bir gilines kolektdre sahip hibrit bir kurutucu tasarlanarak imal edilmis ve ilk 6l¢iimlerin
degerlendirilebilmesi amaciyla Osmaniye iklim sartlarinda bir giin boyunca iizim kurutma deneyleri
gerceklestirilmigtir. Sistemde hava hizi, sicaklik, nem, 1sinim ve {riin agirligt gibi farkli parametreler
Olciilerek kayit altina alinmistir. Calisma sonunda, tasarlanip kurulan sera tipi kurutma sisteminin sorunsuz
bir sekilde calistig1 goriilmiistiir. Sistemde yer alan farkli noktalardaki sicaklik ve nem degerlerinin giines
1sinimina bagli olarak deney siiresince degisim gosterdigi, kolektor ¢ikisinda yaklasik 60 °C kurutma havasi
sicakligi elde edilebildigi ayrica kurutulan {iziimlerin toplam agirligindan yaklasik 200 g kaybetmis oldugu
tespit edilmistir. Yapilan degerlendirmelerden, tasarlanan sera tipi kurutucunun gida kurutma
uygulamalarinda etkin bir sekilde kullanilabilecegi goriilmiistiir.

Anahtar Kelimeler: Kurutma, Sera tipi kurutucu, Havali glines kolektorii, Osmaniye

Design, Manufacturing and Evaluation of First Measurement Results of a
Greenhouse Type Dryer

Abstract

Food drying is defined as the dehumidification process from products to a safe limit and has been carried
out with different methods for many years. In addition to the most widely used open sun method (under the
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direct sun), dryers with different method and technologies such as vacuum drying, freeze drying,
greenhouse type dryer, microwave dryer, etc.) can be used for food drying. In this study, a hybrid dryer,
which have an internally divided air solar collector to a forced convection and tunnel type greenhouse dryer,
was designed and manufactured. To evaluate the first measurements in the study, grape drying experiments
were carried out for one day in Osmaniye climatic conditions. Different parameters, such as air velocity,
temperature, humidity, radiation, and product weight, were measured and recorded in the system. At the
end of the study, it was seen that the greenhouse type drying system works without any problems. It has
been determined that the temperature and humidity values at different points in the system vary during the
experiment depending on solar radiation and can obtain a drying air temperature of about 60 °C at the
collector outlet. In addition, it was determined that the dried grapes lost about 200 g of their total weight.
It has been seen from the evaluations that the designed greenhouse type dryer can be used effectively in

food drying applications.

Keywords: Dryer, Greenhouse type dryer, Solar air collector, Osmaniye

1. GIRIS

Kurutma, mevsiminde tiiketilemeyen meyve veya
sebzelerin raf Omriiniin uzatilmas1 ve iriin
kayiplarmin 6niine gecilebilmesi i¢in yapilan bir 1s1
ve kiitle transferi islemidir. Kurutma, gida iiretim
zincirinde onemli bir faaliyet alanidir [1]. Kurutma
islemleri i¢in bir¢ok farkli yontem mevcuttur. Ucuz,
kolay ve kullanishh oldugu i¢in en yaygin olan
yontem, geleneksel acik gilines altinda (agik sergi)
kurutma yontemidir [2]. Kuruma siiresi, {riiniin
nem igerigine, 1stya veya isimima maruz kalma
siiresine, ilk iiriin yiikiine ve meteorolojik kosullara
baglidir [3]. Giines altinda direk kurutmada, girdiler
(uzmanlik, maliyet vb.) daha diisiik olsa da bu
yontemin  kullanilmasiyla gida  drilinlerinin
kalitesinde istenmeyen degisiklikler meydana
gelebilmektedir. Ag¢ik sergi ile kurutma hava
sartlarma bagli oldugu igin dogrudan giines
1s1gindan kaynaklanan aroma ve vitamin kayb1 gibi
farkli sorunlar meydana gelebilmektedir [4]. Bu
sorunlarin Oniine gegebilmek icin arastirmacilar
farkli yontemler (kati sivi yakith kurutucular,
elektrikli kurutucular, giines enerjili kurutucular) ile
iriinlerin  kurutulmasini aragtirmislardir [5]. Bu
yontemler igerisinde giines enerjili kurutucular
gevreci, kurulum maliyetlerinin diisiik olmasi ve
kurutma sirasinda {irlinii yagmura, toza, boceklere
ve hayvanlara kars1 korudugu icin ozellikle iyi
giines 15181 alan yerlerde tercih edilmektedir. Uriine
1s1 enerjisi vererek {irlinliin kalitesini bozmadan
iirinden nem almak i¢in tasarlanan giines enerjili
kurutucular, pasif (dogal taginim) ve aktif
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(zorlanmig taginim) olmak tizere iki farkli ¢alisma
sekline sahiptir [6-9].

Giines enerjili kurutuculara gibi 1s1mim etkisiyle
kurutmanin gergeklesebilecegi sera tipi kurutucular
da iriin kalitesi, tat ve renk bakimindan kurutma
islemelerinde farkli avantajlara sahiptir [5]. Sera
teknolojisi, farkli iklim kosullarinda mahsul
yetistirmek i¢in uygun bir mikro iklim olusturmak
icin geligmistir. Bir sera, kisa dalga boylu giines
radyasyonunu hapseden ve daha yiiksek verimlilik
ve uygun bir mikro iklim olusturmak ic¢in uzun
dalga boyu termal radyasyonunu depolayan kapali
bir yapiya sahiptir [10,11]. Seralar baslangicta
sadece tarim uygulamalarinda bitki yetistiriciligi
icin kullanilsalar da arastirmacilar seralarin
kurutma amaci ile de kullanilabilecegini tespit
etmislerdir [12]. Farkli iklim kosullarinda seralar
icerinde hem bitki yetigtirilmesi hem de kurutma
islemlerinin gergeklestirilebilmesi i¢in yilin daha
sicak aylarinda yiiksek dis ortam sicakliklarina
ihtiyag vardir. Bu durum da seralari, tarim
iiriinlerinin kurutulmasi icin yaz aylarinda daha
etkili bir hale getirmektedir [13]. Sera tipi
kurutucularin kurutma verimliligini artirmak igin,
giines enerjisi destekli, biyokiitle destekli veya kati
yakit destekli yardimet sistemler
kullanilabilmektedir [14-18].

Literatiirde farkli tipte ve &zellikte tasarlanan sera
tipi kurutucular ile ilgili birgok ¢alisma goérmek
miimkiindiir. Condori ve Saravia [19], tek ve ¢ift
hazneye sahip iki esdeger zorlanmis konveksiyonlu
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sera tipi kurutucuda, buharlagma hizinin analitik bir
calismasint  yapmislardir. Calisma sonucunda
aragtirmacilar, kirmizi biber igin, ¢ift hazneli
kurutucu kullaniminmn verimliligi neredeyse %90
oraninda artirdigint gdstermislerdir. Kumar ve
Tiwari [20], konvektif kiitle transfer katsayisinin
farkli agirliktaki sogan dilimlerinin giineste ve
serada kurutulmasini incelemislerdir. Yazarlar, sera
icerisinde depolanmis enerji nedeniyle, serada
kurutma durumunda nem buharlasma oraninin,
giinesin kapali oldugu saatlerde acik gilineste
kurutmaya gore daha fazla oldugunu tespit
etmislerdir. Chaun ve Kumar [21], dogal ve
zorlanmis taginima sahip sera tipi bir kurutucuda ve

acitk  sergi yoOntemiyle bektasi liziimiiniin
(gooseberry) kurutulmasini incelemiglerdir.
Yazarlar, pasif modda calistirilan sera tipi

kurutucunun diger kurutuculardan daha etkili
oldugunu tespit etmislerdir. ~ Ayrica yazarlar
calismada, regresyon analizi ig¢in en iyi egri
yakimsamanin Prakash ve Kumar modellerinin
kullanilmast ~ durumunda  elde  edilecegini
gostermiglerdir. Janjai ve arkadaglar1 [22], biiyiik
Olgekli parabolik bir serada farkli {iriinlerin
kurutulmasini incelemislerdir. Kurutucunun
deneysel performanslarini incelemek i¢in yazarlar,
sicaklik, hava bagil nem ve iirlin nem igerikleri gibi
farkli parametrelerin 6l¢timiinii
gergeklestirmiglerdir. Aragtirmacilar, kurutucuda
farkli {irlinler 1s1 ve nem transferini tanimlayan
kismi diferansiyel denklem gelistirmisler ve bu
denklemi sonlu fark yontemi kullanilarak
¢oziimlemislerdir. Caligma sonucunda yazarlar,
elde edilen sonuglar ile deneysel verilerin birbiri ile
uyumlu oldugu gostermislerdir.

Bu galismada, i¢ bolmelere ayrilmis havali giines
kolektorii destekli tiinel tipi bir sera kurutucu
tasarlanmistir. Literatiir taramasinda da goriildiigi
gibi sera tipi ve giines enerji destekli kurutucular ile
ilgili literatiirde farkli bircok c¢aligma yer
almaktadir. Bu ¢aligmada ise verimliligi artirilan bir
havali giines kolektorii tlinel tipi sera kurutucuyla
birlestirilmistir. Bu sayede sera giris sicakliginin
sera tipi kurutuculara gore daha yiiksek sicakliklara
ulagmasi saglanmistir. Bdylece arzu edilen kurutma
havasi sicakliklarinin elde edilmesi planlanmistir.
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Calisma kapsaminda, Osmaniye Korkut Ata
Universitesi Miihendislik Fakiiltesi Atdlyelerinde
imalatt gergeklestirilen sistemin, sorunsuz bir
sekilde calisip caligmadigt ayrica Olciilen
parametrelerin dogrulugu gergeklestirilen testlerden

elde edilen ilk ol¢iim sonuglart kullanilarak
degerlendirilmistir.
2. MATERYAL VE METOT

Sekil 1’de tasarlanan sistemin sematik resmi yer
almaktadir. Sekilden goriildiigli gibi sistem, havali
giines kolektorii [23] ve sera kismi olarak iki
bolimden olusmakta ayrica sistemde hava
sirkiilasyonu i¢in bir fan yer almaktadir. Dis
ortamdan fan vasitasiyla alman hava (1 noktasi),
kolektor igerisinden gegerken 1sinmakta (2 noktasi)
ve seraya gonderilerek (4 noktasi) sera igerisinde
bulunan {irlinler blinyesinde bulunan nemi kendi
biinyesine alarak sistemden disartya (7 noktasi)
atilmaktadir. Sekil 2’de sistemdeki Onemli
elemanlardan biri olan seranin imalat agsamalarina
ve tiim sisteme ait gorseller verilmistir. Sistemde
yer alan sera dncelikle kati modelleme programlari
ile boyutlandirilarak modellenmis (Sekil 2-a) ve
sonrasinda imalatina gegilmistir. Metal profiller
oncelikle bir profil makinasinda bikkme iglemine
tabi  tutulmus sonrasinda  tabla  igerisine
yerlestirilerek her bir profilin {ist bdlgelerinden
birbiri ile baglantist kaynak islemiyle yapilmistir.
Profiller tabla igerisine tasima kolaylig1 ve
kurulumda kolaylik saglamasi i¢in somunlu vida ile
sabitlenmistir (Sekil 2-b). Sera giris ve ¢ikis agizlari
kolektorden ¢ekilen havanin bir hava kanali ile sera
icerisine iletilmesinde kolaylik saglamasi agisindan
iki adet metal boru kullanilarak olusturulmus ve
sera giris ve ¢ikis noktalarma kaynaklanarak
seranin iskelet yapist tamamlanmistir (Sekil 2-c).
Iskelet yapis1 tamamlanan sera sonrasinda ortii
malzemesi ile kaplanmistir (Sekil 2-d). Sera ortii
malzemesi olarak Akdeniz bdlgesi iklim sartlar1 g6z
Online alinarak 36 aylilk 8mm polietilen sera
naylonu kullanilmisgtir. Metal profil {izerine
sabitlenen Ortii levhasinin birlesim noktalar1 su ve
giines 1stmimina karst direngli bir bant vasitastyla
cevrilmistir. Bu sayede sera igerisinde dis ortama
olabilecek sizintilarin engellenmesi hedeflenmistir.
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Kolektorden ¢ikan sicak hava, sera igerisine, 1s1
yalitimli esnek bir hava kanali ve devir kontrol
iinitesine sahip bir fan kullanilarak
gonderilmektedir. Kolektorden cekilen hava sera
icerisine  gonderilmeden dnce 1s1  yalitimi
uygulamasi yapilan sabit bir hava kanalindan
geemektedir.  Burada  sabit hava  kanali
kullanilmasmin temel nedeni dogru hiz 6lgiimii
yapabilmek amaciyla fan ¢ikisinda havanin tam

\l/

o _Gi'mes
/ | N Isimmi
o 2
S
N
N

N Giines
v Kolektdrii

Kontrol paneli

gelismis  bir akig rejimine sahip olmasmi
saglamaktir. Hava kanali lizerinde hiz, sicaklik ve
nem Olciimleri yapilmaktadir. Olgiim noktalar1 icin
hazirlanan ve sera tipi kurutucu icerisine
konumlandirilacak olan 1sil eleman ¢iftleri (sar1
renkli) ve hassas terazi Sekil 2-e’de yer almaktadir.
Tasarimi tamamlanip kurulumu yapilan sera tipi
kurutucu deney diizeneginin son hali Sekil 2-f’de
verilmistir.

Hava kanall

° Isil eleman cifti 4 Nem 8lger

Q Isinim sensdrii o Hava hizi dlcer

Sekil 1. Giines enerji destekli sera tipi kurutma sisteminin sematik resmi

(b)
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Sekil 2. Sera tipi kurutucunun imalat agamalarina ait gorseller

Tasarimi ve kurulumu yapilan sera tipi kurutucunun
performansin1 ve kurutulacak trlinlerin kuruma
karakteristiklerini belirleyebilmek amacryla sistem
tizerinde farkli noktalarda (Sekil 1) hiz, sicaklik,
nem, 1$1n1m ve agirlik Olctimleri
gerceklestirilmigtir.  Sistemde, hava  hizim
belirlenmesinde TESTO 435 (+0,1 m/s hassasiyet)
hava hiz1 6l¢iim cihazi, farkli noktalardan sicaklik
Olciimiiniin  gergeklestirilebilmesi  i¢cin  COLE
PARMER is1l eleman c¢iftleri (£0,1 °C hassasiyet),

C.U. Miih. Fak. Dergisi, 38(3), Evliil 2023

yine sistem {zerinde farkli noktalarda havanin
rolatif nemini 6l¢mek i¢in EPLUSE nem olger
(%2-3  hassasiyet), 1smmmmin Olgiilmesi igin
FRONIUS marka 1smmm 6lger (%35 hassasiyet),
kurutucu igerisinde iiriinlerin anlik olarak agirlik
degisiminin izlenebilmesi i¢in DIKOMSAN
elektronik terazi (0,1 g hassasiyet) ve tim bu
verilerin Olgiilerek kayit altmma alinip kontrol
bilgisayarina aktarilmasi i¢in IOTECH PD3001 (16
bit) veri kaydedici kullanilmigtir. Sistemin enerji
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tiketiminin belirlenebilmesi ve anlik olarak
izlenebilmesi i¢in +£0,04% hassasiyete sahip HIOKI
enerji analizorii kullanilmistir. Sebekeye dogrudan
baglanan enerji analizorii ile fanin anlik akim

Terazi (RS-232)

A4

gerilim degerleri elde edilmistir. Elde edilen bu
degerlerle de fanin giic tiikketimi hesaplanmistir.
Sekil 3’te 6l¢iim sistemine ait donanim yapisinin
akis semasi yer almaktadir.

Isil Elaman Ciftleri

/

A

Harici Veri Depol < Bilgisayar

Veri Kaydedici <

Ismm f)lcer

\

Nem Olger

Sekil 3. Olgiim sistemine ait donanim yapisinin akis semasi

Kurutucu performansmin  degerlendirilmesinde
kullanilan iki 6énemli performans gostergesi olan
spesifik enerji tiketimi (SEC, kWsaat/kg) ve
spesifik nem ¢ekme orani (SMER, kg/kWsaat)
Esitlik 1 ve Esitlik 2°de verilmistir [24,25].

kurutma siresince uzaklastirilan nem miktart
SMER = —— e — (D
kurutma islemi sirasinda tiiketilen enerji miktart
kurutma islemi sirasinda tiiketilen enerji miktart
SEC = 2)

kurutma siiresince uzaklastirilan nem miktart

Cizelge 1’de, hesaplanan SMER ve SEC degerleri
icin belirsizlik degerleri verilmistir.

Cizelge 1.SMER ve SEC i¢in hesaplanan
belirsizlikler (%)
Parametre Belirsizlik (%)
SMER 3,24
SEC 2,78
3. BULGULAR

Bu calismada, gilines enerji destekli sera tipi bir
kurutucu tasarimi ve imalat1 yapilarak sistemin ilk
Olciim sonuclart degerlendirilmistir.  Yapilan
deneylerde, sistem {iizerinde dis ortam sicakligi ve
nemi, kurutma havasi sicakligi ve nemi, iiriin
sicakliklari, sera igerisinde farkli noktalardaki
sicakliklar ve iriin agirligi gibi parametrelerin
degisimi anlik olarak godzlemlenmistir. Deneylere
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baslanmadan 6nce sistem galistirilarak denge haline
gelmesi beklenmis ve sonrasinda veri kaydi
almmaya baslanmistir. Her bir 6l¢lim noktasinda
anlik olarak kaydedilen verilerin on bes dakikalik
ortalamast  alimmis ve degisim  grafikleri
olusturulmustur. Tasarlanip kurulan sistemin ilk
testleri i¢in {iziim kurutulacak {riin olarak
belirlenmistir. Sekil 4 ve Sekil 5’te bir giin boyunca
gerceklestirilen deneylerle elde edilen ilk Ol¢iim
sonuglart sunulmustur. Sekil 4’te sistemde farkli
noktalarda dlgiilen sicakliklarin ve giines 1siniminin
zaman ile degisimi yer almaktadir. Sekilden,
sistemde oOlgiilen sicakliklarin 1smima bagli olarak
giin icerisinde degisim gosterdigi ve kolektor giris
(dig ortam) sicakligmin deney siiresince yaklasik
30 °C oldugu goriilmektedir.  Kolektore dis
ortamdan giren hava 1g1nima bagli olarak 1sinmakta
ve saat 13:00°da 61,09 °C ile maksimum degerine
ulagsmaktadir. Seraya giren havanin sicakligi, {iriin
iizerindeki nemin almmasindan dolayr sera
cikisinda  diismektedir. Sekilden ayrica sera
icerisindeki farkli noktalarda ol¢iilen sicakliklarda
onemli bir degisim olmadig: goriilmektedir. Sekil
5’te sistemde farkli noktalarda 6lgiilen rolatif nem
ve giines 1sin1minin zaman ile degisimi verilmistir.
Di1s ortamdan ¢ekilen havanin rélatif nemi, havanin
kolektor igerisinden gegerken 1sinmasindan dolay1
kolektor ¢ikisinda diismektedir. Kolektor ¢ikiginda
(sera giris) Olciilen nem degerinin minimum
%14,64’e kadar diistigii goriilmektedir. Sekilden
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ayrica seraya giren havanm, triinler {izerindeki
nemi absorbe etmesinden dolayr sera ¢ikigindaki
rolatif nemin giris havasi nemine gore arttig1
goriilmektedir.
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Sekil 4. Kolektor sicaklik ve 1simim degerlerinin
zaman ile degisimi
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Sekil 5. Sera tipi kurutucu rélatif nem ve 1s1mmim
degerlerinin zaman ile degisimi

Sekil 6’de iriin agirhigr ve 1simmimin zaman ile
degisimi yer almaktadir. Tepsi iizerine 1210,59 g
olarak yerlestirilen tziimler yapilan bir giinliik
deney sonucunda toplam agirligindan 192,36 g
kaybederek 1018,23 g agirliga kadar diigmiistiir.
Sekil 7-a ve 7-b’de sirastyla sera tipi kurutucu da
kurutulan iriinlerin, SEC ve SMER degerlerinin
zamanla degisimi yer almaktadir. Sekilden
goriildiigii gibi giin icerisinde {iriin tizerinden nemin
uzaklastirtilmasi ile birlikte SEC degerinin zamanla
arttigl, SMER degerinin ise tam tersi olarak
zamanla azaldigi goriilmektedir. Bunun sebebi
sisteme giren toplam enerji (tiiketilen enerji) sabit
kalirken {irlinden ¢ekilen serbest haldeki su
miktarinin azalmasidir. SEC degerinin deney
stiresince maksimum ve minimum degerleri
sirastyla 0,068 kWsaat’kg ve 0,057 kWsaat/kg
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olarak hesaplanmistir. Kurutma prosesi boyunca
ortalama SEC ve SMER degeri sirasiyla
0,064 kWsaat/kg 15,537 kg/kWsaat’dir. Sekil 8’de
calismada yapilan test kapsaminda {izimlerin sera
igerisine yerlestirildigi ilk ve son hallerinin gergek
gorselleri yer almaktadir. Deney sonucunda
iizlimlerin igerisindeki nemin biiyiik bir kisminin
tasarlanan sistem ile uzaklastirilabildigi ayrica
iiriinlerde renk kaybinin olustugu tespit edilmistir.
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Sekil 6. Uriin agirligi ve 1s1n1m degerlerinin zaman
ile degisimi
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Sekil 7. Sera tipi kurutucuya ait (a) SEC ve (b)
SMER degerinin zamana gore degisimi
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Sera Tipi Bir Kurutucunun Tasarimi, Imalati ve Ik Olciim Sonuclarinin Degerlendirilmesi

(b)
Sekil 8. Sera tipi kurutucu icerisine yerlestirilen
irlinlerin (a) ilk ve (b) son hallerinin
gercek goriiniisii

Calisma kapsaminda tasarlanan giines kolektorii
destekli sera tipi kurutma sisteminin bir giinliik
6l¢lim sonuglari incelenmistir. Tasarlanan sistemde
kurutma havasi sicakligt igin literatiirdeki farkli
kurutma sistemleri karsilastirmalar yapilmistir
(Cizelge 2). Tasarlanan sistem ile literatiirde elde
edilen kurutma havasi sicakliklarina yakin
degerlerde kurutma havasi sicakliklari elde edildigi
gozlemlenmistir. Bu da c¢alismada tasarlanan
kurutma sisteminin ilk 6l¢iim sonuglarinin kabul
edilebilirligini géstermektedir.
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Cizelge 2. Mevcut  calismanin  literatiir  ile
kiyaslanmasi
IReferans IKurutma sistemi Kurutr}la havasy
sicaklify
Giines enerjisi
fr"lf: d:;larl 6] (destekli timel tip  34.1-64 °C
kurutucu
Zomorodian ve |Glines enerjisi 55 oC
arkadaslar1 [27] |destekli kurutucu
Janjai ve (Gines f:nerjis@ .
destekli sera tipi 31-58 °C

arkadaslar1 [28] kurutucu

IRathore ve

Panwar [29] Tiinel tipi kurutucu [55-70 °C

Giines enerji
Mevcut caligma |destekli sera tipi
kurutucu

24-59 °C

4. SONUC

Bu ¢alismada i¢ bolmelere ayrilmis havali giines
kolektorii destekli tiinel tipi bir sera kurutucu
tasarlanmig, imal edilmis ve iiziim kurutularak elde
edilen ilk Ol¢im sonuclart degerlendirilmistir.
Calismanin odak noktasi sistemin kurulumu ve ilk
Olciimlerin gergeklestirilmesi olmustur. Caligma
sonucunda sistemdeki farkli noktalarda olgiilen
sicaklik ve rolatif nem degerlerinin giin igerisinde
isinima  bagli olarak degisim gosterdigi ayrica
kolektor ¢ikigsinda havanin yaklasik 60°C sicakliga
kadar 1sinabilecegi goriilmiigtiir. Tepsi {izerine
yerlestirilen iiziimlerin yapilan bir giinlik deney
sonucunda toplam agirhgindan yaklasitk 200g
kaybettigi tespit edilmistir. Calismada ortalama
SEC degeri 0,064 kWsaat’kg olarak, SMER

degerinde ise 15,537 kg/kWsaat olarak
hesaplanmuistir.
Calismada  deneysel kurulumu tamamlanan

kurutma sisteminin ¢aligmasinda ve deneysel
verilerin elde edilmesinde herhangi bir problem ile
kargilagilmadigi goriilmiigtiir. Tasarlanan sera tipi
kurutma sisteminin diisik ve orta sicaklikta
kurutma havasi gerektiren gida iiriinleri i¢in daha
uygun oldugu belirlenmistir. Sistemdeki en biiyiik
problemin kurutma sisteminin performansinin
giinese bagli olmasi sebebiyle 6zellikle uzun siirede
kurutulan iriinlere yonelik stireklilik
saglayamamasidir. Gelecekteki c¢aligmalarda bu
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eksikligin giderilebilmesi amaciyla enerji depolama
malzemelerinin veya PV panel/akii ekipmanlarinin
sisteme montaji gibi teknolojilerden faydalanilabilir
ve sistemin siirekliligini ne olgiide gelistirdikleri
gozlemlenebilir.
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Oz

Tiim diinyada yiizlerce sivil toplum kurulusu, savaslar ve afetler nedeniyle iilkelerinden go¢ etmek zorunda
kalan ve kamplarda yasayan miiltecilere destek olmak icin caba gdstermektedir. Suriye bu konuda bir
ornektir. Suriye'de bulunan sivil toplum kuruluslarinin insani yardim depolarindan kamplara gidecek olan

ulastirilmast gereken malzemelerin tasima islemleri gergeklestirilirken minimum miktarda maliyet ile
maksimum miktarda iiriin dagitimi1 amaglanmigtir. Bu ¢aligma, Dogrusal Programlama (LP) ve Cografi
Bilgi Sistemi (CBS) kullanilarak tanimlanmis, ¢6ziilmiis ve her bir ¢6ziim yonteminin sonuglart arasinda
bir karsilagtirma gdsterilerek maliyet analizleri yapilmistir.

Anahtar Kelimeler: Tesis konumu, Cografi bilgi sistemi, Sivil toplum kurulusglari, Envanter

Modeling of Syrian Refugee Camps and Humanitarian Aid Warehouse Locations
with Geographic Information System (GIS) and Linear Programming

Abstract

Hundreds of non-governmental organizations all over the world strive to support refugees who have had to
migrate from their countries due to wars and disasters and live in camps. Syria is an example in this regard.

*Sorumlu yazar (Corresponding Author): Metehan ATAY, metehan.atay@hku.edu.tr
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Suriye Miilteci Kamplarimn ve Insani Yardim Depo Konumlarmin Cografi Bilgi Sistemi (CBS) ve Dogrusal

Programlama ile Modellenmesi

The logistics of the materials that will go to the camps from the humanitarian aid depots of the non-
governmental organizations in Syria is a known and solvable humanitarian aid logistics problem. The
purpose of this article is to research suitable places for non-governmental organizations (NGOs) warehouse
areas. As in every humanitarian aid logistics problem, it is aimed to distribute the maximum amount of
products with minimum cost while carrying out the transportation of the materials that need to be delivered
to the end users and the needers from the designated warchouse locations. This study was defined and
solved using Linear Programming (LP) and Geographic Information System (GIS), and cost analyzes were
performed by showing a comparison between the results of each solution method.

Keywords: Facility location, Geographic information system, Non-governmental organizations, Inventory

1. GIRIS

Son on yilda diinya, savaslar, terérizm ve dogal
afetler nedeniyle birgok felakete tanik olmustur. Bu
felaketler binlerce insanin Sliimiine, milyonlarca
insanin yerinden olmasia ve milyonlarca insanin
miilteci olarak iilkelerinden ayrilmasina yol
acmugtir.  Cesitli siyasi, cevresel ve catisma
durumlar1 nedeniyle diinya miilteci sayilar1 artmaya
devam ederken, iilkelerini terk ettikten sonra,
birgok miilteci komsu ilkelerdeki kamplara
yerlesmis ve ev sahibi iilkede miilteciler i¢in temel
ihtiyaclart karsilanmasi ¢oziilmesi gereken bir
problem haline gelmistir. Insanlarin iilkelerini terk
etmelerine neden olan ister insan kaynakli ister
dogal bir afet olsun, bu afetlerden etkilenen kisilere
afet donemlerinde ve sonrasinda hemen insani
yardim saglanmalidir. Acil durum malzemeleri
arasinda yiyecek, su, temizlik, ilag, barmak vb. yer
alir. Insani yardimin tedarikgilerden yararlanicilara
ulastiritlmast  miimkiin olan en kisa siirede
gergeklestirilmelidir. Yararlanicilar arasinda kigisel
hijyen, yiyecek hazirlama ve saglik hizmetlerinin
iyilestirilmesine yardimci olmak i¢in herhangi bir
topluluga yeterli miktarda temiz su saglamak hayati
bir ihtiyagtir. Ozellikle insanlara siirekli olarak
yliksek kalitede ve insan sagligina en az riskle icme
suyu ve yiyecek saglamak son derece onemlidir ve
onlarin  6zel, sosyal, ekonomik ve politik
ozelliklerini dikkate almalidir.

Bu calismada, gercek bir ulagtirma problemi cografi
bilgi sistemi (CBS) destegiyle p-medyan ve kiime
kapsama  problemi  olarak ele  almarak
¢oziimlenmeye c¢alistlmigtir. Ulasim sistemleri
problemini ¢6zmek icin genellikle bir ulagim
bicimini temsil eden demiryollari, karayollari, yaya
ve bisiklet yollar1, nehir/deniz ve hava aglarina
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bakmamiz gerekir. Her ag digerlerine transfer
terminalleri (otobiis/tren istasyonlart,
esler/limanlar, havaalanlari) araciligiyla baghdir.
Giiniimiizde bu aglar lizerinden hem yiik hem de
yolcu ig¢in iki tiir hizmet bulunmaktadir: ilki istege
bagli hizmettir. Oldukca kolay bir &rnek taksi
hizmetidir. Bu hizmet maksimum esneklik sunar,
ancak daha yiiksek maliyetler ve gevresel etkilere
neden olur. ikinci tiir hizmet ise, konsolidasyonlu
hizmettir. Servisler diizenli araliklarla planlanmakta
ve yik veya yolcu akiglar1 ana dagitim isleri
araciligiyla konsolide edilmektedir. Bu hizmet tiirii
zamanlama agisindan istege bagli hizmetten daha az
esnek olsa da, arag ve konteyner gibi ulasim
kaynaklarini1 daha iyi doldurma avantajina sahiptir.
Boylece, daha az kaynak harcayarak, tasiyicilar
daha diisiik fiyatlar 6nerebilir.

2. LITERATUR TARAMASI
2.1. Tesis Yeri Se¢cim Problemi

Malzemeleri ve bitmis driinleri bir noktadan
digerine tagimak icin gereken tesislerin sayisinin,
kapasitelerinin  ve konumlarinin  belirlenmesi
genellikle Endiistri Miihendisliginin  geleneksel
rollerinden biri olarak kabul edilir. Bolgesel dagitim
merkezi konumlarinin kullanilmast ve yerel bir
terminalin hizmet verdigi bolgenin belirlenmesi,
ulasim sistemi tasarim silirecinin bir pargasidir.
Ayrica her miisteriye nasil hizmet verilmesi
gerektiginin belirlenmesine de tahsis problemi
denir. Buna ek olarak, endistri miithendisleri, bir
tesisin otomatiklestirilmis "Endiistri 4.0" m1 yoksa
manuel ayirma sistemleri kullanilarak m1 inga
edilmesi gerektigine karar verme siirecinde
genellikle yardimci olacaktir. Mevcut ve potansiyel
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depolarin kapsama kapasitesini belirlemek ve
yapilacak depo sayisini en aza indirmek icin bir set-
covering matematiksel modeli ele alinmaktadir.
Ayrica, potansiyel depolari agmak ve acilan
depolara tesis atamak i¢in P-merkezi ve P-medyan
matematiksel modeller uygulanarak toplam mesafe
ve talebin kaynaga olan en uzun mesafesi en aza
indirilmistir. Gelistirilen tamsayili programlama
(IP) modelleri ve Cografik Bilgi Sistemleri (CBS)
yazilimlar1 bir vaka ¢alismasi ile karsilastirilmistir.
Hesaplamali deneyler, yaklasgimimizin mevcut
depolardan daha genis alanlar1 kapsayan yeni
potansiyel tesis depolarindan sehirdeki hizmet
tesislerine kadar bulabilecegini kanitliyor. Destegin
konumlandirilmasi ve dagitilmasi, 6zellikle mevcut
veriler oldugunda CBS kullanimindan
yararlanabilir. Istenilen yol ve mevkilerin tespiti
icin ¢alisma alanin1 bolgelere, sayimlara, ilgelere
vb. ayirmak gerekir [1].

Insani lojistik bir arastirma alami olarak ortaya
¢ikmig ve Ozellikle afet miidahalesine tahsis edilen
fonlarin yaklasik %75'nin tedarik zinciri ile ilgili
oldugu gercegi goz Oniine alindiginda, son on yilda
onemli ilgi gormiistiir [2]. Alan ve arkadaslarinin
(2006) ve Van Wassenhove'un (2006) ilk eserlerine
dayanmaktadir ve o zamandan beri zengin bir
aragtirma alanina doniismiistiir [3]. Insani yardim
ve arkadaslar1 (2012), Galindo ve Batta (2013),
Ozdamar ve Ertem, (2015), Kara ve Savaser (2017)
ve Besiou ve Van Wassenhove (2019) eserleri

kaynak  olarak  gosterilebilir  [4-8].  Afet
operasyonlart  genel olarak dort asamada
siniflandirilir:  azaltma, hazirlik, miidahale ve

geligtirme [4]. Besiou ve Van Wassenhove (2019),
insani lojistik tarihini gegmisi, bugiinii ve gelecegi
arastirarak li¢ asamada tasvir etmektedir [8]. Alanin
geleceginin, calismamizin merkezinde yer alan ¢ok
sayida miiltecinin yonetimi de dahil olmak {izere
bircok  faktor  tarafindan  yonlendirildigini
belirtmektedirler. Yer secim problemleri, taktik ve
operasyonel seviyelerden alinan kararlar1 birlestirir.
Son yapilan calismalar arasinda Prodhon ve Prins
(2014), Albareda-Sambola (2015) ve Drexl ve
Schneider (2017) arastirmalaridir [9-11]. Insani
azaltma ve hazirlik asamalarinda ¢6ziiliirken
[12,13], yonlendirme  sorunlari  miidahale
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asamasinda ortaya ¢ikar [14-19]. Ornekler,
bozulabilir gidalar1 refah kurumlarma adil ve
verimli bir sekilde dagitmaya yonelik sosyal yardim
operasyonlarini [20,21] ve bir depremden sonra
ambulanslar i¢in dinamik ulagim planlamasini [22]
icerir. Lokasyon ve yoOnlendirme entegrasyonu,
insani lojistik literatiirde nadiren goriilmektedir. Tlk
calismalardan biri, afet miidahale asamasinda
entegre bir lojistik destek ve tahliye operasyonlarini
diisiinen Yi ve Ozdamar'a (2007) aittir [23]. Balcik
(2017), afet sonrast hizli ihtiya¢ degerlendirmesi
icin yer secimi ve arag rotalama i¢in bir tabu arama
algoritmast gelistirmistir [24]. Cherkesly ve
arkadaslar1 (2019) yakin zamanda Liberya'da bir
toplum saglik bakim agmnin tasariminda ortaya
¢ikan bir konum, kapsama ve yoOnlendirme
sorununu ¢ézmiistiir [25].

3. MATERYAL VE YONTEM

3.1. Tesis Yeri ve STK Envanterlerinin Tahsisi

bir konudur [30]. Bu nedenle kamplarin ve kamp
depolarmin yerlerinin belirlenmesi stratejik bir
karardir [31]. Bu bdliimde, depolarm ilgili kamplara
optimal dagilimin1 saglamak igin yer tahsis
modelleri kullanilmistir. Kiime kapsama ve P-
medyan problemleri olarak adlandirilan iki farkli
yer tahsis modeli iki farkli senaryoya uygulanmstir.
Kullanilan mesafeler iz diisim mesafesidir.

Organizasyon depolarinin  konumlarma  gore
Onerilen senaryolar asagidaki sekilde
acgiklanmaktadir;

e Senaryo 1: Mevcut ii¢ depoyu dikkate alan
durumdur.

e Senaryo 2: Ug mevcut ve ii¢ potansiyel
ambarin birlikte ele alindigi durumdur.

3.1.1. Kiime Kapsama Probleminin STK
Depolarmna Uygulanmasi

Kiime kapsama problemi, dnceden belirlenmis bir
zaman diliminde her kiimeye en az bir kez ulasacak
sekilde tesis yer se¢imi problemi olarak tanimlanir
[32]. Problemi kapsayan kiimenin formiilasyonu
asagidaki gibidir;
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Min Y fX;  je€] (1)
Kisitlar,
Daxi=1 jeJ @
X; €[01] 3
Notasyonlar;

1 Kamp noktalar1 kiimesi; i € [

] Depo noktalar kiimesi; j € J

h; I noktasindaki kamp

f J alaninda bir deponun sabit maliyeti

TC 1 km tasimanin sabit maliyeti

Eger I noktasindaki kamp j
1 noktasindaki depo tarafindan
kapsantyorsa
Diger
Eger aday depo j lokasyonuna
X {l kurul
§i uruluyorsa
Diger
Eger I noktasindaki kamp j
{1 noktasindaki depo tarafindan tedarik
0 ediliyorsa
Diger

Burada; Esitlik 2, modelin amag¢ fonksiyonlarina
karsilik gelir. Agilacak depo sayisini minimize
etmektir. Esitlik 1, en az bir agik depodan tiim
kamplara belirlenen siire igerisinde hizmet
vermektir. Esitlik 3, karar degiskeninin biitiinliik
kisitidir. Sonuglar, LP modelinin 10 km, 20 km ve
30 km kapsama alanlar1 i¢in optimal bir ¢éziim
bulamadigin1 gostermistir. Bagka bir deyisle,
kapsama alani olmayan bazi1 kamplar oldugu igin
optimal senaryolar yoktur.

3.1.2. STK Envanterleri
Problemi

fcin P-Medyan

Onceki boliimde tanimlanan agda, yiiksek olarak
tanimlanan kamplar ve TC olarak tanimlanan tim
miigteriler arasinda birim bagina tagima maliyetleri
dikkate alinir [33]. P-medyan problemi, agilacak
olan P miktar1 aday deposunu ve her bir depoya
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hangi kamplarin atanacagini belirlemeye caligir. P-
medyan probleminin formiilasyonlar1 asagidaki
gibidir;

Min Zz a;;Zijh; 4)

iel,jej
Min ijxj +ZZZUhi+ TCZZZi;hi (5)
iel,jej
Kisitlar,
dx<p (6)
Dyt vie) Q)
Zy<ajX;Viel,je] (®
X;Zi; € [0,1] €))

Burada; Esitlik 4, hizmet verilen kamplar i¢in en az
miktardaki kamp ile gok hizmet gotiirmeyi hedefler.
Esitlik 5, ti¢ faktorii kapsayan toplam maliyeti
minimize eder: bir depo kurma ve agma maliyeti
olan sabit bir maliyet; bir depo isletmek igin
degisken bir maliyet ve ilgili kampa destegi
ulastirmak i¢in bir nakliye maliyetidir. Esitlik 6,
bulunan depolarin sayisini izin verilen depo sayisi
olan belirli bir degerden (P=3) az veya ona esit
olacak sekilde sinirlar ki agilabilir. Esitlik 7, her
kampin ¢ogunlukla bir kez kapsanabilecegini
garanti eder. Esitlik 8, i€l diigiimiindeki kampin, i
diigiimiinii kapsayan depo alanlarindan en az biri
bulunmadik¢a kapatilamayacagini ifade eder.
Yerlesik depolar ve kapsanan diigiimler igin ikili
degiskenler Esitlik 9'da sunulmustur.

3.2. CBS Kullanarak STK Envanterlerinin
Lokasyon Tahsis Probleminin  Optimize
Edilmesi

CBS, mekansal ve cografi verileri yakalama ve
analiz etme yetenegi saglayan kavramsallagtirilmis
bir cergevedir. CBS uygulamalari, kullanicinin
etkilesimli  sorgular olusturmasina (kullanici
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tarafindan olusturulan aramalar), mekansal ve
mekansal olmayan verileri depolamasina ve
diizenlemesine, mekansal bilgi c¢iktisin1 analiz
etmesine ve bu islemlerin sonuglarini1 haritalar
halinde sunarak gorsel olarak paylagmasina olanak
taniyan bilgisayar tabanl araglardir [26]. Cografi
bilgi sistemleri birden fazla teknoloji, siireg, teknik
ve yontemde kullanilmaktadir. Miihendislik,
planlama, ydnetim, nakliye/lojistik, sigorta,
telekomiinikasyon ve igletme ile ilgili ¢esitli
operasyonlara ve sayisiz uygulamaya baglidirlar.
Bu nedenle, cografi analiz ve gorsellestirmeye
dayanan konum destekli hizmetlerin temelinde CBS
ve konum istihbarati uygulamalar1 yer almaktadir.
CBS, "anahtar indeks degiskeni" olarak konumun
kullanilmast yoluyla, daha once ilgisiz bilgileri
iliskilendirme yetenegi saglar. Diinya'nin uzay-
zamaninda bulunan konumlar ve kapsamlar, x, y ve
z koordinatlariyla birlikte meydana gelme tarihi ve
saati araciligiyla kaydedilebilir; temsil eden boylam
(x), enlem (y) ve yiikseklik (z). Tiim Diinya tabanli,
uzamsal-zamansal, konum ve kapsam referanslari,
birbirleriyle ve nihayetinde "gercek" bir fiziksel
konum veya kapsamla iliskilendirilebilir olmalidir.
CBS'nin bu temel 6zelligi, bilimsel arastirma ve
aragtirmalarin yeni yollarm1 agmaya baslamigtir
[27].

3.2.1. CBS Teknikleri ve Teknolojisi

Modern CBS teknolojileri, ¢esitli sayisallagtirilmis
veri olusturma yontemlerinin kullanildig1 sayisal
bilgileri kullanir. En yaygm veri olusturma
yontemi, basili bir haritanin veya anket planinin bir
CAD programi ve cografi referanslama yetenekleri

kullanilarak  dijital bir ortama aktarildigi
dijitallestirmedir. ~ Orto-rektifiyeli — goriintilerin
(uydulardan, ucaklardan,  Helikitlerden = ve

[HA'lardan) genis bir sekilde mevcudiyeti ile
birlikte, bag iistii sayisallastirma, cografi verilerin
cikarildig1 ana metot haline gelmistir [28]. Heads-
up saysallastirma, cografi bicimin ayr1 bir
sayisallagtirma tabletinde izlenmesinin geleneksel
yontemi (bas asag1 sayisallastirma) yerine cografi
verilerin dogrudan havadan alinan goriintiilerin
lizerinde  izlenmesini  igerir.  Bas  asagi
sayisallagtirma veya manuel sayisallagtirma, 6zdes,
dijital bir harita olusturmak i¢in bilgileri bilgisayara
besleyen 6zel bir manyetik kalem veya ekran
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kalemi kullanir. Bazi tabletler, ekran kalemi yerine
disk ad1 verilen fare benzeri bir arag¢ kullanir [29].

Disk, daha fazla hassasiyete ve harita 6zelliklerini
tam olarak belirlemeye izin veren art1 isaretli kii¢iik
bir pencereye sahiptir. Head-up sayisallagtirma
daha yaygin olarak kullanilsa da, head-down
sayisallagtirma diisiik kaliteli haritalar1
sayisallagtirmak igin hala kullanighdir.
Geoprocessing, mekansal verileri islemek icin
kullanilan bir CBS islemidir. Tipik bir cografi
isleme islemi, bir girdi veri kiimesini alir, bu veri
kiimesi {izerinde bir iglem gergeklestirir ve iglemin
sonucunu bir ¢ikt1 veri kiimesi olarak dondiiriir.
Yaygin cografi isleme islemleri, cografi 6zellik
yerlesimi, 6zellik se¢imi ve analizi, topoloji igleme,
raster isleme ve veri doniistiirmeyi igerir. Cografi
isleme, kararlari olusturmak i¢in kullanilan
bilgilerin  tanimlanmasina, ydnetilmesine ve
analizine izin verir.

3.2.2. Problemin CBS ile Optimize Edilmesi

Bu boliim, depo problemleri i¢in GIS tarafindan
lokasyon tahsis probleminin kisa bir incelemesini
ve ardindan dogrusal programlama modeli i¢in ayni
adimlart sunmaktadir. Bu ¢alismada Oncelikle
mevcut ve potansiyel depolarin  dagilimini
incelemek gerekir, 3 mevcut ve 3 potansiyel kamp
deposunun cografi bilgileri, CBS kullanilarak
toplamda 31 kamp olarak toplanmustir. Ikinci
olarak, mevcut ve potansiyel depolarin kapsama
kapasitesini belirlemek ve acilacak depo sayisini en
aza indirmek i¢in kiime kapsama matematiksel
modeli ele alinmaktadir. Son olarak, potansiyel
depolar1 agmak ve agilan depolara kamp atamak

igin P-medyan matematiksel modeller
uygulanmakta, boylece toplam mesafe ve talebin
kaynaga olan en wuzun mesafesi en aza
indirilmektedir.

Caligma alani Idlib'de olup, dnce cografi bilgi
sistemi GBS ile 31 kamp (BALAD'n kapsadigy), 3
mevcut ambar ve 3 potansiyel kamp ambarini
belirledik, ardindan mesafeleri  hesapladik.
Potansiyel depolarin depo yerleri Idlib'deki Kamp
Yonetim Ofisi tarafindan belirlenir. Her tesisin
(kamplar, mevcut ve potansiyel depolar) mekansal
konumlar1, cografi koordinatlar (enlem ve boylam)
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ile belirlenir. ESRI ArcGIS 10.4, bir agdaki 17 Idleb Salqin Aleppo 2 365
kurulumlar arasindaki gercek mesafeleri 18 Idleb Salgin Aleppo 3 3739
hesaplamak i¢in bir CBS araci olarak ku!lamhr. 31 19 Idleb Salgin (lihol:l'ta 2818
kamp, 3 mevcut depo ve 3 potansiyel depo i S larkiye
asagidaki Sekil 1'de gosterilmektedir; 20 ldleb Salgin__| Ayidoun 491
21 Idleb Salqgin Samidoon 266
= g 22 Idleb Salgin Ayidoun2 | 75965
o = 23|  Idleb Salgin | Sheikh Essa| 1485
2 24 Idleb Salgin Meriamen 1167
T ey 25 Idleb Al-dana Atmeh 2439
C ot > 26| 1dleb Al-dana | Sahl Alghab| 649
Ay
s 27| Idieb | Aldana |onuhadasahllsyy,
alghab
‘‘‘‘‘ i } Nasaem
i ol i 28 Idleb Al-dana Alkhayr 237
ALz Ay 29 Idleb Al-dana Alnahda 569
s P 53
o & Tal
&, 30 Idleb Al-dana 749
RS [ @ core mam Potonta e Alkarama
Sekil 1. Kamp ve depolarin dagilmi 31] Idleb Al-dana | Algharbal 325
Asagidaki Cizelge 1 ve 2, sirasiyla calismada analiz ~ Cizelge 2. Calismada kullanilan depolara ait bilgiler
edilen kamplart ve depolarin giincel durumunu # Yer Depo Durumu
gésterrnektedir' 1 Idleb Sarmada Mevcut
2 Idleb Al-dana Mevcut
Cizelge 1.Calismada kullanilan kamplara ait 3 Idleb Azmareen Mevcut
bilgiler 4 Idleb Zeyniyh Potansiyel
4 Bulundugu Bilge Kamp Adi Kapzss3tes1 5 Idleb Sheikh essa Potansgyel
yer (Kisi) 6 Idleb Kaah Potansiyel
1 Idleb Jisr ashugur H bAlh. h 2125 .
> S T iill ushiye S 3.3. Tesis Yeri ve Tahsis Problemi icin
e isr ashugur ziyara .
3 Idleb Jisr ashugur | Badama 2 277 Matematiksel Modelleme
Salah Alden Bu bélimde. idlib'deki iki icin ki
4 Idleb Jisr ashugur | (Kherbet 3557 U bolumde, 1oaext 11 Senj‘lryo 191.1.1 ur.nej
Eljoz) kapsama ve P-medyan problemleri olmak {izere iki
5 Idleb Jisr ashugur| Omar 2356 farkl lokasyon tahsis modeli uygulanmistir;
6 Idleb Jisr ashugur |Ein Albayda| 5841
7 Idleb Jisr ashugur |Ataa Alkheir| 3252 e Senaryo 1: Mevcut ii¢ deponun ele alindigi
8 Idleb Jisr ashugur | Alfateha 677 durum,
9 Idleb Jist ashugur Az-zawf 1 4723 e Senaryo 2: Idlib'de ii¢ mevcut ve ii¢ potansiyel
(Sham) antreponun birlikte ele alindig1 durum.
10 Idleb Jisr ashugur Ag-zdazf 2 1266
/i a; ?)3 3.3.1. Problemin Kiime Kaplama Problemi
. Z-Zaw . o e .
11 Idleb Jisr ashugur (Alikhaa) 2583 Olarak Modellenmesi ve Coziimii
. Ali Bin . - . o
12| Idleb | Jisrashugur| .0 0 909 Kiime kaplama modeli oncelikle iki senaryonun
13 Idleb Jisr ashugur | Albonyan 413 kapsama kabiliyetini arastirmak i¢in CBS'ye dayali
14 Idleb Jisr ashugur | Alkaderiye 129 olarak elde edilen verilerle ¢oziilmistir. 10km,
s Ldleb Salai Alfarouk 007 20km ve 30km olmak iizere 3 farkli kapsama alani
¢ aqm (Darkosh) incelenmis ve sonuclar sunulmustur. Cizelge 3,
16 Idleb Salgin Aleppo 1 614 ArcGIS Network Analysis araci ile elde edilen
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modeli kapsayan setin sayisal sonuclarini asagida

gostermektedir;

Cizelge 3. CBS kullanarak kiime kapsama modelinin
sayisal sonuglari
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EE g |68 FE | g2 |2%
=~ & I s 2 g 5 'U“E. =]
e |3 |28 |28 = Y
= =
o 14 27 1,3 2
2| 8 23 |2,3,4,56| 5
1|2 11 1,2
50 0 ,2,3 3
2 | 27 4 2,3,4,5 4
1| 25 6 1,3 2
30 ’
2 | 29 2 23,4 3

Sonuglara gore agagidaki sonuglar gézlemlenebilir;
Senaryo 2, tiim kapsama alaninda Senaryo 1'den
daha genis bir kapsama kabiliyetine sahiptir.
Ornegin, kamp depolar1 (Senaryo 1) 20 kamp1
kapsayabilirken, Senaryo 2, 20 km'lik bir kapsama
alaninda 27 kampi kapsayabilir. Bu sonug, mevcut
depolarin beklendigi gibi mevcut kamplar: tedarik
etmek i¢in yeterli olmadigini gostermektedir. Artan
kapsama alani, kapsanan talep noktalarint da
artirmaktadir. 10km, 20km ve 30km'lik kapsama
alaninin artirilmasi, mevcut depolar i¢in kapsama
ylizdesinin %13'ten %80'e yiikselmesine neden
oluyor. Sekil 2, iki farkli senaryo arasindaki
kapsama alanmi m? cinsinden kapsama yiizdesini
gostermektedir;

® Zenaryo 1 ®Senaryo 2

Eapsama YVizdasi (34)

Kapsama Alami (m)

Sekil 2. iki farkli senaryoya gére % kapsama alani
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10000 m? i¢in CBS ile elde edilen iki senaryo igin

set kapsayan c¢ozliimler sirastyla Sekil 3’te
gosterilmistir;
o ’
1 o 2 £
2" 2
S I
: B
w il L

Sekil 3. Senaryolara g('jre_ 10 km? i¢cin kapsama
alanlar1

[k senaryoda sadece 4 kampin kapsanabilecegi, 2.
senaryoda ise 31 kamptan § kampm
kapsanabilecegi goriilmektedir. 20000 m? igin CBS
ile elde edilen iki senaryo igin set kapsayan
coziimler sirastyla Sekil 4’te gosterilmistir;

1 B ; s ) of s

14
1 &

oo b Y
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3
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Sekil 4. Senaryolara gér_e_QO km? i¢in kapsama
alanlar1

Ik senaryoda 20 kampin kapsanabilecedi, 2.
senaryoda ise 31 kamptan 27 kampm
kapsanabilecegi goriilmektedir. 30000 m?i¢in CBS
ile elde edilen iki senaryo igin problem ¢dziimlerini

kapsayan set sirasiyla asagidaki Sekil 5’te
gosterilmektedir;
1 D%’: 2 _“f“=6
2’ 2
pes B o -
s 5
<l o

Sekil 5. Senaryolara gore 30 km? igin kapsama
alanlar1

Ik senaryoda 25 kampin kapsanabilecegi, 2.

senaryoda ise 31 kamptan 29 kampm
kapsanabilecegi gortiilmektedir.
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3.3.2. Problemin
Modellenmesi ve Coziimii

P-Medyan Olarak

Potansiyel depolarin faydali olduguna dair alinan
sonuglart takiben, toplam tagima mesafesini en aza
indirmek i¢in mevcut ve potansiyel depolari talep
noktalarina atamak i¢in P-medyan modelleri
uygulanmugtir. P i¢in 1 ila 6 degerleri secilerek talep
noktalar1 i¢in P-medyan modelini uygulanmis,
sonuglar da sorunu kapsayan bir kiime olarak iki
senaryoya gore siniflandirtlmistir.  Asagidaki
Cizelge 4, asagidaki ESRI ArcGIS yazilimi
kullanilarak elde edilen P-medyan probleminin
sayisal sonuclarini gostermektedir;

Cizelge 4. ArcGIS yazilimi kullanilarak elde edilen
P-medyan probleminin sayisal sonuglari

Senaryo 1 Senaryo 2
P Toplam Acik Toplam Acgk
mesafe (m) | depolar | mesafe (m) | depolar

1] 960501 3 960501 3

2| 669930 2,3 669930 2,3

3] 667274 1,2,3 481234 2,3,4

4 - - 435825 2 35’ 4
2,3,4,

5 - - 416963 5.6
1,2,3,

6 - - 414307 4.5.6

Beklendigi gibi, P sayisint artirmak, tim

¢Oziimlerde depolar ve talep noktalar1 arasindaki
toplam mesafeyi azaltir. Sekildeki sonuclar, kamp
depolarinin sayisini 1'den 3'e ¢ikarmanin, toplam
seyahat mesafesini Senaryo 1 ve 2 icin sirasiyla
%30.52 ve %49.89 azalttigin1 gostermektedir.

« Kamp depolarmin sayisint  3'ten 6'ya
¢ikarmak, Senaryo 2 i¢in toplam seyahat
mesafesini %13,9 azaltir.

« Kamp depolarmin sayisint  4'ten 6'ya
cikarmak, Senaryo 2 icin toplam seyahat
mesafesini %4,9 azaltir.

* P (1ve2)oldugunda iki senaryo 1 ve 2'nin esit
toplam mesafesine dikkate alinmalidir.

Asagidaki Sekil 6, asagidaki iki senaryo igin

sayagtaki  toplam  mesafenin P  degerini
gostermektedir;
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Sekil 6. P-degeri ve toplam mesafe iligkisi

Sekil 7, agsagida CBS ile elde edilen 1. senaryoda
Aracin sadece bir envanter agik oldugu durumda
gectigi toplam mesafe i¢in P-Median ¢6ziimiinii
gostermektedir;

Sekil 7 . 1.Senaryo (P=1) Toplam Mesafe960501m

Ayn envanter i¢in acik (P3) ancak 2. senaryoda,
asagidaki Sekil 7' de gosterildigi gibi toplam
mesafede herhangi bir fark yoktur;

10
B

Sekil 8. 2. Senaryo (P=1) Toplam Mesafe 960501 m
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Sekil 8, GIS ile elde edilen 1. senaryoda iki
envanterin ac¢ik olmast durumunda aracin gegtigi
toplam mesafe i¢in P-Ortancasmnin ¢dziimiinii
gostermektedir;

A

Sekil 9 1. Senaryo (P=2) Toplam Mesafe 669930 m ’
Ayni1 envanterler i¢in (P2 ve P3) ancak 2. senaryoda
asagidaki Sekil 9'da gosterildigi gibi toplam
mesafede bir fark yoktur;

i

10
==

Sekil 10 2.Senaryo (P=2) Toplam Mesafe 669930m

Agik olan ii¢ depo (P1, P2 ve P3) i¢in toplam
mesafe asagidaki Sekil 10'da gosterilmektedir;

0
£

Sekil 11 1. Senaryo (P=3) Toplam Mesafe 667274 m
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Ayni depolarin agik oldugu 2. senaryo igin,
asagidaki Sekil 11'te gosterildigi gibi 1. senaryoya
gore %27.8 daha kisa mesafede iyilesme var;

Sekil 12 2. Senaryo (P=3) toplam mesafe 481234 m

Acilacak 4, 5 ve 6 numarali depolar i¢in 2. senaryo
mesafeleri iyilesme gosteriyor. Ancak, STK'nin
sadece 3 envanter ve a¢ik olan {i¢ envantere kiyasla
daha kiigik bir iyilestirme araligt se¢mesi
gerekiyor, bu mesafeler asagidaki Sekiller 12, 13 ve
14'te gosterilmektedir;

ol

o1, B
5
&3 % 257
¥‘\4 & N &

&5
10
E="

Sekil 13 2. Senaryo (P=4) toplam mesafe 435825 m

A

Sl O
-

2 .

o
1

21 28 2
E: o

1

Sekil 14 2. Senaryo (P=5) toplam mesafe 416963 m "
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Sekil 15 2. Senaryo (P=6) toplam mesafe 414307m

Asagidaki Cizelge 5, LP'ye gore P-medyan
probleminin sonuglarini gostermektedir;

Cizelge 5. P-median probleminin sonuglari

Senaryo 1 Senaryo 2
Toplam | Acik | Toplam
P mesafe (m) |depolar|mesafe (m) Atk depolar
1 960501 3 960501 3
2 669930 2,3 669930 2,3
3 667274 1,2,3 481234 2,3,4
4 - - 414633 2,3,4,5
5 - - 416963 2,3,4,5,6
6 - - 411519 [1,2,3,4,5,6

4. ARASTIRMA BULGULARI VE
KARSILASTIRMA

Bu bolim, hem CBS hem de Dogrusal
Programlama (DP) kullanan Kiime Ortiisii ve P
medyan caligmalarinin  sonuclarini  sunar. Bu
sonuglar arasinda karsilagtirma yapilmamaktadir,
clinkii dogrusal programlama yontemi ilkesi, bir
veya birden fazla kampm kapsanmamasi
durumunda soruna ¢6ziim vermemektedir. Sonuglar
Cizelge 6 ve 7'de gosterilmektedir;

Cizelge 6.CBS  kullanilarak kiime kapsama
probleminden elde edilen sonuglar
4 >
::'T ~ 7 g = 5% <] >
5 ) =] k= =] 2 = w C
=7 5 T o = g = E =
TE |2 | g3 | £8 T |28
52 |8 |28 | 22 S |73
N4 & 7] = 7] E E‘ =)
10 1 4 27 1,3 2
2 8 23 12,3456 5
20 1 20 11 1,23 3
2 27 4 2,3,4,5 4
1 25 6 1,3 2
30 2 29 2 234 3
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CBS ile elde edilen sonuglar, asagidaki Cizelge 7 ve
8'de gosterildigi gibi DP ile elde edilen sonuglara
benzer goriinmektedir;

Cizelge 7. GIS kullanilarak P-median
probleminden elde edilen sonuglar
Senaryo 1 Senaryo 2
P Toplam dI:Q:)l;a Toplam Acik
Mesafe (m) I; mesafe (m) | depolar
1 960501 3 960501 3
2| 669930 2,3 669930 2,3
3 667274 1,2,3 481234 2,3,4
4 - - 435825 2 35’ 4
2,3,4,
5 - - 416963 5.6
19 29 3’
6 - - 414307 4.5.6

Cizelge 8. LP kullanilarak P-median probleminden
elde edilen sonuglar

Senaryo 1 Senaryo 2
P Toplam Acik Toplam Acik
Mesafe (m)| depolar | mesafe (m) | depolar
1| 960501 3 960501 3
2| 669930 2,3 669930 2,3
3| 667274 1,2,3 481234 2,3,4
4 - - 414633 |2,3,4,5
s| - : 416963 [0
19 29 3’ 4’
6 - - 411519 5.6

Cizelge 9'da koyu renkle gosterilen sonuclar daha
iyi goriiniiyor ancak bu sonuglar optimum degil,
bunun nedeni DP'nin harita veri tabanina sahip CBS
programindan farkli olarak sekli dikkate almadan
dogrudan mesafe ile ilgilenmesidir. Bu bdliimde
ayrica, hangi depolari segmemiz gerektigini gormek
icin CBS kullanilarak elde edilen 1. ve 2. depo
secimi  senaryolarinin  sonuglarinin  maliyeti
kargilagtirtlmistir. Cizelge 9, mevcut ve potansiyel
depolarin her birini calistirmanin sabit maliyetini
gostermektedir ve Cizelge 10 ve 11, sirasiyla 1. ve
2. senaryolar icin toplam maliyet analizi
hesaplamasini gosterir.
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Cizelge 9. Ambar sabit maliyeti

Depo sabit maliyeti
1 2 3 4 5 6

$2,303 | $2,100 | $1,250 | $1,500 | $3,480 | $2,220

Cizelge 10. {1k senaryonun maliyet analizi

maliyet
1 3 $1,250 $960.50 | $2210.501
2 2,3 $3,350 $669.93 $4,019.93
3 1,2,3 $5,653 $667.27 $6,320.27

Cizelge 11. Ikinci senaryonun maliyet analizi

# P00 | yiaiyer | Mabivet | matyet

1 3 $1250 $960.50 | $2,210.60
2 2,3 $3350 $669.93 | $4,019.93
3 2,3,4 $4850 $481.23 | $5,331.23
4 2,3,4,5 $8330 $435.83 | $8,765.83
51 2,3,4,5,6 | $10504 | $416.96 | $10,956.94
6(1,2,3,4,56| $12843 | $414.30 | $13,257.30

2., 3. ve 4. depolar icin sabit maliyetlerin 5653
dolardan 4850 dolara (% 14,2) dusirildigi
goriilmektedir. Ayrica, degisken maliyet 667.274
dolardan 481.234 dolara (%27.9) dismiistiir.
Toplam maliyet $6320.274’dan  $5331.234’a
diismiistiir.

5. SONUC

Bu calismada, kamp hizmeti kullanimmi tegvik
etmek icin bir arag olarak CBS'nin faydasi
gosterilmistir. Potansiyel diiglimleri, noktalar1 ve
konum veri kiimelerini birlikte atama yetenegi,
erisimin cografi yoniinii iceren kamuya agik birgok
baska konuya cevrilebilir. Ayrica, harita erisimi ve
hizmet kullanim oranlar1 cografi bdlgelerin
belirlenmesine yardimci olabilir. Suriye'deki insani
acil durum ortaminda insanlar miilteci kamplarinda
yasamakta ve siginma talep etmekte ve hatta
yiyecek, su, battaniye vb. temel ihtiya¢ maddelerine
ihtiyac duymaktadirlar. Kamplarin yonetimine
iliskin yer tahsisi sorunu ile ilgili herhangi bir

C. U. Miih. Fak. Dergisi, 38(3), Eyliil 2023

calisma bulunmamaktadir. Buna gore, Suriye
baglaminda depo yeri tahsisi sorununu ele alan bir
calisma bulunmamaktadir, bu da bu alana akademik
ve bilimsel ilginin hala yetersiz oldugu anlamina
gelmektedir. Bu katkilar, alandan gergek veriler
kullanilarak ¢ok amagli matematiksel modelin CBS
ile birlestirilmesiyle en uygun ¢6ziime ulasilarak
elde edilebilir.

Bu calismada, BALAD ile birlikte Idlib ilinde kamp
saglayan depolara dagitim icin optimal bir ¢éziim
bulmaya calisilmistir. Mevcut tiiziikte {i¢ antrepo
bulunmaktadir ve BALAD"1n 30 km'lik bir kapsama
alaninda kapsadigi1 31 kamp1 GIS ve DP kullanarak
kapsamak ve acilan depolart kurmak ve atamak i¢in
kiime kaplama ve p-medyan problem modellerini
kullanmayr amaglayan 1{i¢ potansiyel depo
onerilmistir. Kamplar, en uygun ¢dziim, 1 mevcut
deponun (pl) ortadan kaldirdigin1 ve yeni
potansiyel depoda (p4) ikame etmesini saglamistir.
Projenin artan verimlili§ini anlayabilmek igin
(p=1, 2, 3)"in mevcut maliyeti i¢in maliyet analizi
olusturulmus ve ulasim maliyetini buldugumuz
(p=2, 3, 4) potansiyel maliyeti ile karsilastirilmistir.
(%27,9) ve toplam maliyet (%15,65) azaltilmalidir.

Gergek diinyadaki bir problemden esinlenerek
miilteci kampi yeri ve kamu hizmeti planlama
problemi tanimlanmuis, modellenmis ve
¢Oziilmiistiir. Problem, kullanici lokasyonlarini
optimize ederek lokasyon se¢imi ve rotalama
literatiirine ~ yeni  bir  uygulama  O6rnegi
kazandirmaktadir. Bu 6zellik, planlama yetkilileri
hem hizmet saglayicilarin hem de hizmetten
yararlananlarin konumlarina karar verme olanagina
sahip oldugunda, kamu sektorii hizmet planlamasini
modelleme  potansiyeline sahiptir. Bu tiir
uygulamalar, biiyiik bir niifus bir bolgeyi tahliye
ettiginde ve tahliye edilenler i¢in temel hizmetlerin
saglanmasi gerektiginde kamu hizmeti planlamasini

icerir. Bu sorun modellenmis ve modelin
ozelliklerinden yararlanarak verimli bir CBS
uygulamasiyla dogrulanmustir. Gelecekteki

aragtirmalar potansiyel olarak digerlerinin yan1 sira
sehirlerarasindaki esitligi, miiltecilerin kdkenlerini
ve miltecilerin kentsel konumlarmi hesaba
katabilir.
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Abstract

The rapid increase in industrialization in societies causes environmental problems to emerge as an important
problem. In all societies, the approach to the environment is becoming more sensitive and it is observed
that studies on environmental performance have started to increase. The Global Green Growth Index
(GGQGI), an important measure of environmental performance, has been publishing reports comparing
countries' performance scores since 2005. This study examines the changes in the rankings in the post-2010
period by using the Global Green Growth Index data to determine the environmental performance rankings
of G7 countries and Turkey. The main objective of the study is to contribute to the realization of sustainable
development by determining the position of G7 countries and Turkey according to GGGI. In the study, the
performance ranking of the countries for the years 2010-2020 was made by using the ENTROPI and
CRITIC weighting methods, which are among the Multi-Criteria Decision Making methods (MCDM), and
the EDAS ranking method. In addition, sensitivity analysis was performed to determine the importance of
criterion weights affecting performance rankings. While Germany exhibits the best performance in general,
it is observed that Turkey performs lower than developed countries. It has been determined that the indicator
of efficient and sustainable resource use has a significant impact on the environmental performance of
countries.

Keywords: Global green growth index, Sustainability, CRITIC, ENTROPY, EDAS

G7 Ulkeleri ve Tiirkiye'nin ENTROPY, CRITIC ve EDAS Yéntemleriyle GGGI
Gostergelerine Gore Siralamasi ve Degerlendirilmesi

Oz

Toplumlarda endiistrilesmenin hizla artmasi, ¢evre ile ilgili sorunlarin énemli bir problem olarak kargimiza
¢ikmasina neden olmaktadir. Tiim toplumlarda ¢evreye olan yaklagim oldukca duyarli hale gelmekte ve
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Ranking and Evaluation of G7 Countries and Turkey by GGGI Indicators Using ENTROPY, CRITIC and EDAS
Methods

bununla ilgili cevre performansina yonelik ¢alismalarin da artmaya basladig1 gozlenmektedir. Onemli bir
cevresel performans dlcegi olan Kiiresel Yesil Biiyiime Endeksi (KYBE), 2005'ten bu yana iilkelerin
performans puanlarini karsilagtiran raporlar yaymlamaktadir. Bu ¢aligmada, G7 iilkeleri ve Tiirkiye'nin
cevre performans siralamalarini belirlemek igin Kiiresel Yesil Biiyiime Endeksi verileri kullanilarak 2010
sonrast donemde siralamadaki degisimler incelenmektedir. Caligmanin temel amaci, KYBE’ne gore G7
iilkeleri ve Tiirkiye'nin geldigi noktay1 belirleyerek siirdiiriilebilir kalkinmanin ger¢eklesmesine katkida
bulunmaktir. Calismada Cok Kriterli Karar Verme yéntemlerinden (CKKV) ENTROPI ve CRITIC
agirliklandirma yontemleri ile EDAS siralama yontemi kullanilarak 2010-2020 yillarmna ait iilkelerin
performans siralamasi yapilmistir. Ayrica performans siralamalarini etkileyen kriter agirliklariin 6nemini
belirlemek igin duyarlilik analizi gergeklestirilmistir. Almanya genel olarak en iyi performansi sergilerken,
Tiirkiye'nin gelismis {ilkelere gore daha diisiik performans sergiledigi gozlenmektedir. Verimli ve
stirdiiriilebilir kaynak kullanim1 géstergesinin, iilkelerin ¢cevresel performanslari iizerinde 6nemli bir etkiye

sahip oldugu tespit edilmistir.

Anahtar Kelimeler: Kiiresel yesil biiyiime endeksi, Siirdiiriilebilirlik, CRITIC, ENTROPI, EDAS

1. INTRODUCTION

Parallel to the increase in human population and
production, the growth of the world economy has
brought about environmental problems. The recent
rapid increase in environmental problems and the
risks of global warming have prompted
industrialized countries to take environmental
protection measures. For this purpose, national and
international institutions for the protection of the
environment have been created, numerous
international meetings have been held, treaties and
agreements have been concluded, and various
environmental performance indices have been
established.

In the global world where access to resources is
limited, the understanding of sustainable
development has gained importance, especially in
the last decade, to ensure effective use of resources
and balanced economic growth. Recent economic
crises, climate change, resource depletion, and
health problems such as the pandemic COVID-19
have put the concepts of green economy, low
carbon economy, sustainable production and
consumption on the sustainable development
agenda.

Green Development offers clear insights into the
challenges of environmental sustainability, social
and economic development. It provides a clear and
coherent analysis of sustainable development in
theory and practice [1]. Based on green
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development, green reordering is a comprehensive
strategy to overcome the crises affecting our
economy, climate, environment and social justice
[2]. In this context, international organizations such
as the United Nations and country governments
have developed various measurement and tracking
indices.  These include Climate Change
Performance Index (CCPI), Environmental
Performance Index (EPI), Global Green Economy
Index (GGEI) and Global Green Growth Index
(GGQGD).

GGGI was established as an international
organization with 18 founding members who signed
the founding agreement in 2012, and has 43
members, according to the list of members
published on GGGI's official website in 2022. The
group of G7 countries (USA, Germany, United
Kingdom, Italy, France, Japan and Canada) was
formed after the 1973 oil crisis by the seven most
developed countries of the time. According to 2018
data, it generates 46% of the world's GDP, owns
58% of the world's wealth, and occupies 15% of the
world's land area with 20 million square kilometers
[3]. Except for the United Kingdom, there are no G7
countries that are members of the GGGI. Turkey is
also not a member of GGGI.

GGGI consists of four green growth dimensions:
efficient and sustainable resource use, natural
capital protection, green economic opportunities
and social inclusion. It aims to measure
performance with these criteria and provide policy
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makers with a system to measure and improve green
growth performance. In 2019, GGGI introduced the
first comparative Green Growth Index, a composite
index that measures a country's performance in
meeting sustainability goals across these four
dimensions, including United Nations Sustainable
Development Goals, Paris Climate Agreement, and
Aichi Biodiversity targets. The indicator for green
economy opportunities has the lowest performance
value among the index values. According to GGGI
data, GGGI levels increased by more than 10% in
48 countries, between 1% and 10% in 43 countries,
and between 0% and 1% in 6 countries. The
decrease in GGGI was between 1% and 10% in 13
countries and more than 10% in 7 countries.
Although the values are not very high, the GGGI
values of the countries for the year 2019 have
increased compared to 2005. According to the
GGGI report published in 2020, there are 119
countries that have achieved the Green Growth
Index. (25 countries in Africa, 20 countries in the
Americas, 35 countries in Asia, 36 countries in
Europe and only 3 countries in Oceania). According
to the same report, almost half of the countries have
scores between 40 and 60, and these countries
occupy about 77 million km? of the global land area.
There are 41 countries with high scores, between 60
and 80, most of which are in Europe. The 6
countries with low scores, between 20 and 40, are
predominantly from Africa and Asia. There are no
countries with very low scores, below 20. Sweden,
located in Northern Europe, has the highest green
growth index with 78.72 points [4].

In our country, the "Green Growth" and
"Sustainable Development" approaches are based
on climate action in the 10th Development Plan. In
addition, the National Climate Change Strategy
Document covering the years 2010-2020 within the
scope of combating climate change determines the
basic policies, while another complementary basic
document is the 2011-2023 National Climate
Change Action Plan. These documents include
measures related to energy, buildings, industry,
transportation, agriculture, land use and forestry,
waste sectors under the headings of climate change
mitigation, adaptation, technology transfer,
financing and capacity building [5].
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To understand the performance of countries, it is
very important to review the trends in the past years
disaggregated by region and size. Understanding
the causes and extent of upward and downward
trends in the index will allow policymakers to gain
insights into which areas of green growth require
more attention. As more countries become members
of GGG, there is an opportunity to have a stronger
global voice and reach, and to leverage lessons
learned from the green growth pool. In this sense,
the participation of the G7 countries and Turkey in
the GGGI will be of great benefit to both sides.

In this study, the environment and sustainability-
oriented data of the G7 countries, which are the 7
largest countries in the world in terms of economy
and industrialization, and our country are listed with
MCDM techniques. Performance ranking was
performed using the longest available data set
instead of a one-year assessment.

This study consists of four parts. In the first part of
the study, literature studies that examine the
environmental performance of countries in the
world and Turkey were reviewed. In the next
section, based on the relevant literature studies, the
methods to be used in the study were determined
and explained. In the research part of the study, the
data obtained from the GGGI report and the
performance of the G7 countries and Turkey were
analyzed using the weighting methods CRITIC and
ENTROPY and the EDAS ranking method.
Efficient and sustainable resource use, natural
capital protection, green economic opportunities
and social inclusion indicators, which are the four
main indicators of GGGI, were taken into
consideration as ranking criteria. In weighting these
criteria, sensitivity analyzes were performed for
2019 and 2020 and the findings obtained from the
study were evaluated. In the conclusion part of the
study, suggestions are presented based on the
research findings.

2. LITERATURE RESEARCH

GGAQGTI has initiated a very important sustainability
study on a global scale. The aim of this study is to
create several scenarios that correspond to the
situation of the countries of the world and the
situation of other countries. An examination of the
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situation of Turkey in GGGI, which it is not yet a
member of regarding the available data, will
provide important data for monitoring its place in
the ranking over the years and for making a
membership decision. Monitoring the GGGI
ranking of G7 countries (with the exception of
England, which is a GGGI member), which take
important positions in setting social and economic
policy at the global level, can also contribute to
membership decisions. In this way, GGGI's global
green development practices can be more widely
disseminated and global action can be taken more
quickly. For this purpose, environmental
performance studies conducted in Turkey and in
other countries which play an important role in the
countries’ achieving their sustainability goals have
been investigated. In the discussed framework, the
relevant literature studies have been summarized.

Alkaya utilized DEA to determine the efficiency of
OECD countries based on their environmental
performance in 2022 [6]. As a result of the study,
Denmark, Finland, Sweden, Iceland, Colombia,
Latvia, Lithuania and Luxembourg were classified
as efficient countries based on their environmental
performance, while other OECD countries were
classified as inefficient. Korea and Turkey were
found to be the two least efficient countries in terms
of environmental performance.

Altintag conducted a study for the 2020
Environmental Performance Index scores of 19
countries in the G20 countries [7]. The criteria
weights of the EPI components of the countries
were determined using the ENTROPY method.
Countries' environmental performance was ranked
using ROV, ARAS, and COPRAS methods. As a
result of the research, it was found that the most
important component that determines
environmental performance of each country is
water resources. In another study in Altintas
assessed the environmental performance of the
countries in the G7 group using the 2018 EPI
components [8]. The ranking of countries was
conducted using the CODAS and TOPSIS methods,
which are part of the MCDM methods. As a result
of the study, the ranking of environmental
performance of countries which was made using the
CODAS method was identified to be in the
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following order: England, France, Japan, Germany,
Canada, Italy and the USA. According to the
TOPSIS method, this ranking was determined as
England, France, Germany, Japan, Canada, Italy
and USA.

Liu et. al. used one of the MCDM methods, BWM
(Best Worst Method), to evaluate the environmental
performance of 30 provincial administrative regions
in China in 2021. A linear programming model was
developed to determine the weights of the criteria
used in the analysis [9].

Ok et.al. classified EU countries and Turkey based
on the most important indicators of green growth in
2021 [10]. Turkey and EU countries were classified
into groups considering the 5 most important
indicators of green growth. As a result of the
analysis, countries that were homogeneous in terms
of the main indicators of green growth and had
similarities among themselves were divided into
groups, and it was investigated whether Turkey had
similar characteristics to the other countries in the
same group, and the statistical results were
evaluated.

Akhanova et. al. made use of the SWARA method
to determine the weighting of categories and
indicators in Kazakhstan's Building Sustainability
Assessment in 2020, and the results of the research
are expected to provide a useful reference for green
building decision makers in the country [11].

Dang et. al. used MCDM methods to assess the
environmental quality of OECD countries in 2020.
The ENTROPY method was utilized to weight the
criteria, and the VIKOR method was used to rank
OECD countries according to their environmental
quality [12].

Matsumoto et. al. used DEA to measure the
environmental performance of European countries
in 2020 [13]. As a result of the study, it was found
that environmental performance was negatively
affected by the 2007-2008 financial crisis and that
both economic and environmental variables
significantly affected the overall productivity of
countries.
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In the 2019 study by Wu et. al., a quantitative
environmental performance assessment model was
developed based on the hybrid MCDM approach,
with key environmental indicators based on ISO
14031 environmental performance assessment
(EPE) dimensions [14]. As a result of the study, it
was found that the three most important
environmental indicators are factory sewage
discharge, greenhouse gas emissions and the rate of
green product designs in reducing CO2.

In 2017, Cucchiella et. al. conducted a study with
MCDM methods using Eurostat data to assess the
current sustainability performance of European
countries from an environmental and energy
perspective [15].

Egilmez et. al. contacted experts from academia,
government, and industry to determine the
environmental sustainability performance of 27
U.S. and Canadian metropolitan areas, and a
methodology was developed in 2015 [16]. A
hierarchical fuzzy MCDM approach was developed
by establishing criteria in accordance with
sustainability —performance evaluation forms
prepared with experts and proposals were put
forward.

Guo et. al. developed the ENTROPY-based
DEMATEL model to promote the green
development of China's economy and evaluate
sustainability indicators, in 2015 [17]. To show that
development will be the main driving force, they
concluded that energy is not only the most
influential factor, but also a causal factor.

Halkos et. al. examined the environmental
performance of 110 countries in 2014 and used
DEA to examine countries' mandated emission-
reduction percentages [18].

3. METHOD AND MATERIALS

The application of MCDM techniques based on
GGQGI data and 4 basic performance indicators in
monitoring countries’ green growth rankings will
make significant contributions in identifying
strengths and weaknesses relative to member
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countries, as well as development opportunities and
sustainability risks.

In assessing the green growth performance of 8
countries, the Green Growth Index, which is
composed of four criteria, including efficient and
sustainable resource use, natural capital protection,
green economic opportunity, and social inclusion
indicators was utilized. Dang used the ENTROPY
method for criterion weighting while evaluating
OECD countries in terms of environmental
performance in 2019 [12]. Arsu et.al. used the
CRITIC method for criterion weighting while
evaluating the economic, social and environmental
performances of OECD countries in 2021 [19]. In
assessing the climate change performance of G7
countries in [8], Altintag applied the EDAS method
to rank the countries' performance. In reviewing the
literature related to the study, it was found that
CRITIC and ENTROPY methods were used for
criteria weighting and EDAS method was used for
performance ranking. For this reason, the CRITIC
and ENTROPY methods were used to weight the 4
criteria, and the EDAS method was used to rank the
countries.

e CRITIC Method

The CRITIC method first entered the literature in
1995 with a study conducted by Diakoulaki et. al.
[20]. The CRITIC (Criteria Importance Through
Intercriteria Correlation) method aims to determine
objective weights of relative importance in MCDM
problems. The resulting weights include both
contrast intensity and conflict, which are inherent in
the structure of the decision problem. The
developed method is based on analytical study of
the evaluation matrix to extract all the information
contained in the evaluation criteria [20].

The most important feature that distinguishes the
CRITIC method from other methods is that it is an
objective weighting, using the standard deviations
of the criteria and the correlation between the
criteria together, rather than subjective results
derived from expert opinions [21].

The CRITIC method consists of five steps as
follows [20]:
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Step 1: Creating the Decision Matrix

The decision matrix contains the criteria values
corresponding to different alternatives. It is created
as in Equation (1):

xll e xln
X=[x;] = o (1)
ml mn

Xij, i. alternative j. Indicates the criterion value.
Step 2: Normalization of Decision Matrix

In the normalization process, Equation (2) is used
for maximization-oriented criteria and Equation (3)
is used for minimization-oriented criteria (Equation
2, Equation 3):

min
L |
rl'j — ymax_,min (2)
] ]
max
xX; T =xii
— 7 Y
rl'j — ymax_,min (3)
Jj j

Step 3: Creating the Relationship Coefficient
Matrix

The correlation coefficients (pj;) used to measure
the degree of relations between the evaluation
criteria are calculated as in Equation (4):

O = Y (ry = 7). G — )
TR Gy — )2 2 (T — Tx)?
J k=12 4)

Step 4: Calculating C; Values

C;, which combines both features and expresses the
total information found in j criteria, is calculated
using the standard deviation o; of the column values
of the normalized decision matrix. Equation 5 and
Equation 6 can be used for these operations
(Equation 5, Equation 6):

C; = 012(1 pix) J=12.. .. n &)
k=1
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(6)

Step 5: Calculating Criterion Weights

The objective weights of the criteria can be
calculated with the help of Equation (7):

Cj i
- jk=12.....n @)
k=1Ck

VV].:

Objective weight values are ordered from the
largest to the smallest. It is concluded that the
criterion with the highest weight is more important.

* ENTROPY Method

The term entropy, first defined by Rudolph Clausius
in 1865, entered the literature as a measure of
disorder and uncertainty and is used in
thermodynamics [22]. Information entropy is a
measure of uncertainty first introduced by Shannon
in his 1948 article A Mathematical Theory of
Communication and has since been widely used in
engineering, management, and many other fields.
According to the concept of information entropy,
the number or quality of information obtained from
the decision-making environment is one of the
determinants of the accuracy and reliability of the
decision-making problem. For this reason, entropy
is a very good measure when applied with different
considerations in different decision-making
processes [23].

ENTROPY method consists of 5 stages [24].
Step 1: Creating the decision matrix
As shown in Equation (8), a decision matrix with m

decision options and n evaluation criteria is created
(Equation 8):

®)

xll s xlm
Kosm = | " :

Xp1 o Xpm
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Step 2: Normalizing the decision matrix

The criteria are normalized with the help of
Equation (9):

xl']'

ny = 9

i=1%ij
Step 3: Calculating the entropy value

The entropy variable (E;) is calculated with the
help of the formula in Equation (10):

E] = —kZT'U ln(rU) (10)
k = (In(n))"

Step 4: Finding the degrees of differentiation

The differentiation measure of the entropy
variable(d;) is found with the help of Equation

(11).

QY
Step 5: Finding the entropy weight

The objective weight of each criterion is found by
using Equation (12).

(12)

e EDAS Method

EDAS method (Evaluation based on Distance from
Average Solution), a new MCDM method, was first
introduced in 2015 by [25] and has been reported in
the literature. The EDAS method is similar to
MCDM methods COPRAS, MOORA, TOPSIS and
VIKOR in terms of trying to find a solution based
on distance. However, in the EDAS method, it is not
necessary to calculate the best and the worst values.
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In the method, the best alternative is found by
calculating the average solution distances of the
alternatives according to each criterion.

For a case with n alternatives and m criteria, the
steps are as follows [25]:

Step 1: Select the most important criteria that
determine the alternatives.

Step 2: The decision matrix (X) is created as shown
in Equation (13).
X111t Xim
X=lxyl | P (13)
x

n1 " Xnm

Here,

X;jshows the performance value of the alternative
i according to the jth criterion.

Step 3: The average solution is determined
according to all criteria as shown in Equations (14)
and Equations (15).

Av =lav] (14)

n
v X;::

_ 4i=141j
Ay, ===12U

: (15)
Step 4: According to equations (16) and (17),
positive distance from the mean (PDA) and
negative distance from the mean (NDA) are
calculated according to the type of criteria (benefit
and cost) (Equation 16 and Equation 17):

PDA = [PDA;] (16)

NDA = [NDAij]nxm (17)

If the criterion j is benefit-based (Equation 18,
Equation 19):
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_ max (0, (Xi]- - AV]-))

PDA;; = V. (18)
J
max (0, (AV; — X;;
NDA;; = ( (AV] ”)) (19)
J

If the criterion j is cost-based (Equation 20 and
Equation 21):

_ max (0, (AV] - XL-]-))
ij = 7

PDA (20)

max (0, (X;; — AV;
NDA;; = ( (AI;'] ]))
j

ey

In Figure 1, PDA;; and NDA;; show the positive
and negative distance of the i. alternative from the
mean solution, respectively, in terms of the jth
criterion.
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Figure 1. PDA and NDA values in a simple case
[25]

Step 5: The weighted sum of PDA and NDA for all
alternatives is determined (Equation 22 and

Equation 23):
m
j=1
654

m

j=1
w;, is the weight of the jth criterion.

Step 6: the SP and SN values for all alternatives as
shown in Equations below are normalized.

(Equation 24 and Equation 25).

i

NSF, = max SP; 24)
14
NSNy = 1 — —0
P max SN; (25)
L

Step 7: As in Equation (26), the evaluation score
(AS) is calculated for all alternatives (Equation 26).

1
AS; = 3 (NSP; + NSN;) (26)

Itisbetween 0 < AS; <1

Step 8: The alternatives are ranked according to the
decreasing values of the evaluation score (AS).
Among the alternatives under consideration, the
alternative with the highest AS value is the best
choice.

4. RESEARCH AND FINDINGS

GGGI performance indicators and country data
published on the official GGGI website were used
for the study. According to country performance
data of G7 countries and Turkey, criteria weights
were calculated annually using ENTROPY and
CRITIC methods, which are criteria weighting
methods from MCDM techniques and allow
objective weighting. According to the data from the
report published by the Global Green Growth
Institute, the descriptive statistics of G7 and GGGI
performance indicators of Turkey are shown in
Table 1.
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Table 1. Descriptive statistics of GGGI data of countries between 2010-2020

Country |Descriptive Statistics Sociz.ll Natural C.apital [Efficient and Sustainable| EcGO:::)errrllic
Inclusion Protection Resource Use Opportunities
Min 79.91 59.93 51.19 29.48
Average 82.12 61.18 51.84 32.88
USA Max 83.64 61.65 52.19 35.88
Std.D. 1.61 0.55 0.34 2.26
Min 87.77 81.10 54.86 50.82
Average 89.67 81.75 60.53 52.41
Germany o 91.39 82.39 62.91 54.23
Std.D. 1.49 0.47 2.50 1.20
Min 87.31 76.29 61.95 31.87
Average 89.11 77.76 63.11 36.87
UK Max 90.49 78.89 63.74 38.64
Std.D. 1.18 0.92 0.68 1.94
Min 87.01 75.61 57.68 36.93
Average 88.89 76.83 60.08 39.98
France o 91.03 78.09 62.08 41.86
Std.D. 1.51 0.88 1.61 2.05
Min 83.29 7791 60.92 4123
Average 84.97 79.51 62.79 42.41
Ttaly Max 86.24 80.40 63.74 4411
Std.D. 133 0.98 1.14 1.04
Min 79.76 62.29 54.93 33.75
Average 80.32 65.62 56.86 36.71
Japan o 80.77 70.97 58.05 41.95
Std.D. 0.33 418 1.10 2.84
Min 84.54 56.60 56.22 32.45
Average 85.99 56.91 56.59 33.86
Camada [ 0 86.91 57.08 56.98 35.01
Std. D. 0.90 0.15 0.26 0.91
Min 7134 52.98 54.68 28.89
Average 7538 53.13 57.01 29.83
Turkey s 76.93 53.44 59.06 30.62
Std.D. 2.08 0.14 1.96 0.60

As shown in Table 1, Germany compares favorably
with other countries on indicators of social
inclusion, natural capital protection, and green
economy opportunities. On the indicator of efficient
and sustainable use of resources, the United
Kingdom showed the best performance. While
Turkey outperformed other countries in social
inclusion, natural capital protection and green
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economy opportunities indicators, the USA ranked
lower than other countries in terms of effective and
sustainable resource use performance.

Annual performance criteria weights between 2010
and 2020 calculated using GGGI data and an
MCDM technique, ENTROPY, are shown in Table
2.
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Table 2. “ENTROPY” weighting coefficients of criteria according to GGGI data between 2010-2020

. . Natural Capital E.fficient and Green.
ENTROPY Social Inclusion . Sustainable Resource Economic
Protection Use Opportunities

2010 0.06 0.36 0.05 0.53
2011 0.07 0.39 0.05 0.50
2012 0.05 0.39 0.05 0.51
2013 0.05 0.40 0.06 0.49
2014 0.05 0.41 0.07 0.47
2015 0.05 0.42 0.07 0.47
2016 0.05 0.41 0.07 0.48
2017 0.05 0.40 0.08 0.48
2018 0.05 0.38 0.08 0.49
2019 0.05 0.38 0.08 0.49
2020 0.05 0.38 0.08 0.49

As shown in Table 2, the sum of the weighting
coefficients of the performance indicators of natural
capital protection and green economy opportunities
is between 0.87 and 0.90. The sum of the weighting
coefficient of the social inclusion indicator and the
weighting coefficient of the efficient and
sustainable resource use indicator is between 0.10
and 0.13. The lowest and highest performance
weight coefficients calculated between 2010 and
2020 according to the ENTROPY method are
between 0.42 and 0.47, and it is observed that there
are significant differences between the criteria
weights.

Like the ENTROPY method, the CRITIC method is
one of the most widely used MCDM methods in
research for criterion weighting due to its
advantages such as considering quantitative data
and not requiring the opinions of decision makers
[26]. For this reason, the criteria weighting in the
study was also repeated using the CRITIC method.
Annual performance criteria weights calculated
using data from GGGI and CRITIC, a MCDM
technique, for the period 2010 to 2020 were realized
as shown in Table 3.

Table 3. “CRITIC” weight coefficients of criteria according to GGGI data between 2010-2020

CRITIC | Social Inclusion Natural Cflpital Efficient and Sustainable | Green Econ'olmic
Protection Resource Use Opportunities
2010 0.27 0.23 0.19 0.31
2011 0.26 0.20 0.23 0.31
2012 0.26 0.18 0.26 0.30
2013 0.26 0.18 0.27 0.28
2014 0.26 0.17 0.28 0.29
2015 0.28 0.16 0.29 0.28
2016 0.28 0.18 0.29 0.25
2017 0.27 0.23 0.27 0.23
2018 0.27 0.23 0.24 0.26
2019 0.27 0.23 0.24 0.27
2020 0.27 0.23 0.24 0.26
656 C.U. Miih. Fak. Dergisi, 38(3), Evliil 2023



As shown in Table 3, the difference between the
lowest and highest performance weighting
coefficients calculated annually between 2010 and
2020 using the CRITIC method for the performance
indicators identified by GGGI ranges from 0.03 to
0.13. In addition, the weighting coefficients of the
performance indicators calculated with CRITIC are
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more evenly distributed.

The ranking of country performance calculated with
the EDAS method according to the criteria weights
determined with ENTROPY method from the data
of the study period used was realized as shown in
Figure 2.

==@==nited States
France
Germany
Italy
=== |apan
==@==Jnited Kingdom
=@ Canada

—@=Turkey

Figure 2. GGGI ENTROPY-EDAS country ranking

Based on GGGI data published regularly by the
Global Green Growth Institute for the period 2010
to 2020, country performance rankings were
calculated using ENTROPY criteria weighting and
EDAS ranking methods. While Germany ranked
first throughout the whole study period, Turkey
performed worse than the other countries.
According to the data of the GGGI index, which is
based on the assessment within the framework of
the criteria of efficient and sustainable resource use,
natural resource protection, green economic
opportunities and social inclusion, the United

Kingdom moved from the fourth to the third place,
displacing France from its position after 2016.
According to the data of the report published by the
Global Green Growth Institute, Canada moved from
the seventh to the sixth rank, replacing the ranking
of'the USA after 2015. In the next stage of the study,
the data of the study period and the criteria weights
were recalculated using the CRITIC method. As a
result, the ranking of country performance
calculated using the EDAS MCDM method was
produced according to the criteria weights obtained
(see Figure 3).

==@==United States
France
Germany
Italy
==@==Japan
==@==United Kingdom
=8 Canada
=@ Turkey

Figure 3. GGGI CRITIC-EDAS country ranking
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According to GGGI data for the period 2010-2020,
Germany ranks first in the country rankings
calculated according to the CRITIC criteria
weighting and the EDAS ranking method during the
study period, while Turkey performs worse than the
other countries. The United Kingdom, which is a
member of GGGI, replaced France in the ranking
after 2016, rising from the fourth to third place,
similar to the results of the ENTROPY method. The
ranking of other countries remained the same in all
years, in contrast to the results obtained with the
ENTROPY method.

e Sensitivity Analysis

MCDM assumes defining criteria by which
selection results can be evaluated effectively. It also
allows for comparison of relevant methods and
selection of the most suitable one. The results of
MCDM methods mostly depend on the values of the
coefficients of the weighting criteria, that is, on the
relative importance given to certain criteria.
Sometimes the final selections display differences
with minor changes in the weighting criteria

coefficients. Therefore, the results of MCDM
methods can be compared with an analysis of their
sensitivity to these changes [27]. In this study, a
sensitivity analysis was performed to control the
effects of criterion weights on country performance.
The weighting of the sensitivity analysis criteria is
shown in Table 4. Here, combinations of 10 percent
and 70 percent weighting of the criteria are
considered separately. For example, in the case of
“1117”, the criteria for social inclusion, natural
capital protection, and efficient and sustainable use
of resources are assigned 10 percent weight, while
the green economy opportunities criteria are
assigned 70 percent weight. Similarly, the
calculations were continued for four different
situations according to the four criteria. With the
sensitivity analysis carried out, it is aimed to reveal
which of the criteria of social inclusion, natural
capital protection, efficient and sustainable resource
use and green economy opportunities for a green
economy used in the evaluation of country
performance plays a greater role in overall
performance.

Table 4. Weight coefficients of criteria for sensitivity analysis between 2010-2020

. . . Natural Capital E.fﬁcient and Green Economic
Weight Code | Social Inclusion Protection Sustamal;}zeResource Opportunities
Equal Weight 0.25 0.25 0.25 0.25

1117 0.10 0.10 0.10 0.70
1171 0.10 0.10 0.70 0.10
1711 0.10 0.70 0.10 0.10
7111 0.70 0.10 0.10 0.10
As a result of the sensitivity analysis, it was found §, CONCLUSION
that there were no significant changes in the ranking
of country performance according to the weighting ~ Environmental management has become an
coefficients ENTROPY and CRITIC. It has been international issue in recent decades. Many

observed that the most change was observed in the
calculation conducted with the weighting coded
“1171” in which social inclusion, natural capital
protection and green economy opportunities
indicators were found to have a significance level of
0.10, and the indicator of effective and sustainable
resource use had a significance level of 0.70.
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researchers have highlighted the importance of
using and managing natural resources [28-30].
Public concern about environmental pollution and
degradation, as well as climate change, has led to
global awareness of the need to reduce greenhouse
gas emissions and protect the environment.
Environmental quality has a significant impact on
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human health, comfort and well-being. It also
affects economic and social development. For this
reason, government agencies, businesses, and social
institutions have proposed a number of policies,
procedures, and  guidelines to  promote
environmentally conscious behavior.

Measuring environmental quality is critical since it
provides evidence for creating and improving the
quality of the environment, which improves the
quality of people's lives [12]. For this purpose, in
this study, annual country performance rankings
were calculated for G7 countries and Turkey with
GGGI's data between the years 2010-2020, using
ENTROPY and CRITIC weighting and EDAS
ranking methods. While Germany showed the best
performance overall, Turkey performed lower than
developed countries such as USA, UK, Germany,
France, Japan, Italy and Canada.

The study also conducted sensitivity analyzes for
the weighting coefficients of the country
performance rankings based on performance
indicators. In the calculation made with the criteria
weights coded as “1171”, it was observed that the
indicator of effective and sustainable resource use
is more effective in the ranking than the other
criteria in the GGGI performance ranking for the G7
and Turkey. If Turkey improves its performance in
terms of efficient and sustainable resource use in
particular, it can achieve better results in the country
rankings.

Consequently, it is considered that it would be
beneficial to be taken into account by academic and
political circles in the assessments to be made in
Turkey and the G7.
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Oz

Bu calismada dairesel oluklu bir kanalin alt yilizeyine farkli agilar ve yiiksekliklerde yerlestirilen
dikdortgensel engellerin kanalin 1s1l-hidrolik 6zelliklerine olan etkisi sayisal olarak incelenmistir. Analizler
icin 500x10 mm boyutlarinda ii¢ boliimden olusan (yukari akis, oluklu ve asagi akig) bir kanal
kullanilmustir. Engeller kanal yiizeyine ti¢ farkli ag1 (B=45°, 90° ve 135°) ve ii¢ farkli yiikseklikte (h/H=0,1,
0,25 ve 0,5) yerlestirilmistir. Siireklilik, momentum ve enerji denklemlerinin ¢6ziimleri k-¢ tlirbiilans
modeli kullanilarak Ansys-Fluent sonlu hacimler yontemi ile gergeklestirilmistir. Akis alanina ait tiirbiilans
kinetik enerji (TKE) konturlar1 ile ortalama Nusselt sayist (Nu), siirtiinme faktorii (f), basing diisiisii (AP)
ve performans degerlendirme kistas sayisi (PEC) degerleri Reynolds sayisinin (Re) 5000-20000 araligi i¢in
elde edilmistir. En yiiksek termal-hidrolik performans h/H=0,1, p=45° kanal modeli i¢in elde edilmistir.
Bu durum PEC degerlerine gore en diisiik performansa sahip h/H=0,5, B=135° modele kiyasla %26,19
daha fazladir.

Anahtar Kelimeler: Dikdortgensel engeller, Isi1 transferi artirma, Oluklu kanal akigi, PEC sayisi

Numerical Investigation of the Effects of Rectangular Obstacles on the Thermal-
Hydraulic Properties of a Circular Corrugated Channel

Abstract

In this study, the effect of rectangular obstacles, placed at different angles and heights on the bottom surface
of a circular corrugated channel, on the channel’s thermal-hydraulic properties was investigated
numerically. For analysis, a 500x10 mm dimensional channel, consisting of three sections (upstream,
corrugated, and downstream), was used. The obstacles were placed on the canal surface at three different
angles (B=45°, 90° and 135°) and at three different heights (h/H=0.1, 0.25 and 0.5). The solutions of the
continuity, momentum and energy equations were performed using the k-¢ turbulence model by means of
the Ansys-Fluent finite volume method. For the flow field, the turbulent kinetic energy (TKE) contours,
the average Nusselt number (Nu), friction factor (f), pressure drop (AP) and performance evaluation

*Sorumlu yazar (Corresponding Author): Ferhat KOCA, ferhatkoca@cumhuriyet.edu.tr
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criterion number (PEC) values were obtained for the Reynolds number (Re) 5000-20000 range. The highest
thermal-hydraulic performance was obtained for the h/H=0.1, f=45° channel model. This is 26.19% higher
than the h/H=0.5, f=135° model with the lowest performance according to PEC values.

Keywords: Corrugated channel flow, Heat transfer enhancement, PEC number, Rectangular obstacles

1. GIRIS

Yiizeyleri cesitli geometrilerde girinti ve ¢ikintilara
(engellere) sahip kanallar, kat1 bir ylizeyle bir
akiskanin temas halinde oldugu birgok miihendislik
uygulamasinda pasif 1s1 transferi artirma yontemi
olarak kullanilmaktadir. Bu tiir kanallar iletimle ve
tasimmmla olan 1s1 transferi mekanizmalarinin
birlesik etkisine sahip oldugu igin diiz yiizeyli
kanallara gore daha iyi 1s1 transferi &zellikleri
gostermektedir. Bu kanallarda temel olarak yiizey
geometrisi araciligiyla etkin 1s1 transfer alan1 ve akis

boyunca karisgim artirilarak  1s1 transferinin
tyilestirilmesi saglanmaktadir.
flgili kanal akisi; 1s1  degistiriciler, tiirbin

kanatlarinin ve elektronik cihazlarin sogutulmasi
gibi genis uygulama alanlarmin olmasi ve yiizey
girinti  ve c¢ikintilarinin  geometrisi, bunlar
arasindaki mesafe, yiikseklik oranlari, dizilim
acilari, akig rejimi, vb. birgok degiskeni igerdigi igin
literatirde yaygin olarak incelenmektedir [1-7].
Gururatana [8], alt ylizeyi dairesel oyuklarla kapl
bir mikro kanal i¢in yaptig1 sayisal caligmada,
ylizey cukurlarinin Re sayisimin 125°den biiytlik
oldugunda 1s1 transferini iyilestirmede faydali
oldugu sonucuna varmustir. Ajeel ve arkadaslari
[9], alt ve st ylizeyi yar1 dairesel oluklu geometriye
sahip bir kanal akisi i¢in; Re sayisi, oluklar arasi
aciklik ve oluk yiiksekliginin 1s1 transferine olan
etkisini sayisal olarak incelemiglerdir. Sonuglar
basing disiisiindeki artisa ragmen artan Reynolds
sayilar1 ve oluk yiiksekligiyle birlikte ortalama Nu
sayisinin  arttigini, oluklar arasi mesafenin
artmasiyla birlikte ise ortalama Nu sayismin
distigiini. ve basing dislisiinin  arttigimni
gostermistir. Yiizeyindeki oluklar arasi engellerle
donatilmis bir kanalin 1sil-hidrolik performansi
Hamad ve Ajeel [10] tarafindan sayisal olarak
incelenmistir. Kanal performansinin, girdap
olusumu ve smir tabaka bozulmasi nedeniyle,
yilizeyinde engellerin olmadigi benzer kanaldan
daha iyi oldugu belirtilmistir. Tokgdz ve
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arkadaslar1 [11], dikdortgen oluklu bir kanal ele
alarak, oluk boyutlarinin etkisini Re sayisinin 3000
ila 6000 araliginda incelemislerdir. Oluk boyutunu
kanal kesitine gore S/H=0,1-0,3 arasinda bir

parametre olarak tamimlamiglardir. S/H=0,3
konfigilirasyonunun, Re=3000'de diger
konfigiirasyonlardan %30 daha iyi termal

performans sagladigini agiklamislardir. Dhaidan ve
Al-Mousawi [12], bir kanal boyunca siralanan
girinti-gikintilarin  yiikseklik ve genisliklerinin
hidro-termal etkisini  belirlemek icin kanal
yiizeylerine sabit bir 1s1 akisi uygulayarak k-
tirblilans model ile niimerik sonuglar elde
etmiglerdir. Re=5000-60000 icin yaptiklar
calismada bitin durumlar i¢in girinti-¢ikintilara
sahip kanallar termal performansta ve ek
pompalama enerjisinde diiz kanallara gore dnemli
bir artis gostermistir. Mohammed ve arkadaglari
[13], plakal1 bir 1s1 esanjoriiniin oluklu kanali i¢in
oluk egim acilarmin, kanal ve oluk yiiksekliklerin
termal ve akis alanlar1 tizerindeki etkilerini
incelemislerdir. 12,5 mm, 15 ve 17,5 mm’lik farkl
kanal yikseklikleri, 2,5 mm, 3,5 ve 4,5 mm'lik
farkli oluk yiikseklikleri ve 20°, 40° ve 60° farkli
oluk egim agisini temel degiskenler olarak test
etmiglerdir. Re sayisini ve 1s1 akisini sirasiyla 8000-
20.000  ve 0,4-6 kW/m? araliginda
degerlendirmislerdir.  Elde  ettikleri  sayisal
sonuglarda, 17,5 mm kanal ve 2,5 mm oluk
yiiksekligi ile 60°’lik oluk ag¢isinin optimum
parametreler oldugunu ve 1s1 transferi iizerinde
onemli bir etkisi oldugu sonucuna varmuslardir.
Oluk varliginin termal performansi artirmak ve 1si
esanjoriiniin daha yiiksek kompaktligini elde etmek
icin uygun bir yontem oldugunu vurgulamslardir.
Zahran ve arkadaslari [14], Re sayisina bagli olarak
oluk geometrisinin (ylikseklik ve genislik)
kanaldaki sivi akisi ve 1s1 transfer performansi
iizerindeki etkisini 2D simiilasyonlar1 kullanarak
arastirmislardir. Geleneksel diiz plaka yerine oluklu
plaka kullanildiginda 1s1 transferinin % 20 arttigini
belirtmislerdir. 2 mm'lik bir oluk yiiksekliginde, 10
mm genigliginde ve 30 mm oluk uzunlugunda,
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maksimum termal gelisgtirme faktoriiniin Re
sayisinin 15500'den 77600'e degistiginde 1,18'den
1,57'ye yiikseldigini raporlamislardir. Literatiirde,
Ozellikle oluk geometrisi lizerinde degisimler
uygulanarak elde edilen bir¢ok ¢alisma mevcuttur.
Kanal ve oluk geometrisinin sabit tutuldugu, oluklar
arasi akis yonlendirici engellerle ilgili ¢aligmalar
kisithidir. Bu ¢alismada dairesel oluklu bir kanalin
alt yiizeyine li¢ farkli ag1 ve ylikseklikte yerlestirilen
dikdortgensel engellerin  kanalin  1s1l-hidrolik
ozelliklerine olan etkisi; tiirbiilans kinetik enerji,
Nusselt sayisi, silirtinme faktorii, basing disiisti ve
performans degerlendirme kistas sayis1 degerleri
araciligiyla incelenmistir.

Ferhat KOCA, Cahit GURLEK

2. YONTEM

Sekil 1°de kanal geometrisi sematik olarak
sunulmustur. Temel kanal boyutlari i¢in Hamad ve
Ajell’in  [15] ¢alismasinda kullanilan dlgiiler
referans alinmistir. Kanal, yukar1 akis adyabatik
boliim, oluklu 1sitilmis bolim ve asagi akis
adyabatik bolim olmak tizere {i¢ bdliime
ayrilmigtir.  Yukari akig ve 1sitilmis bolim
uzunluklart esit ve asagt akis boliimiiniin iki katidir
(Li=L,=2L3). Kanal geometrisine ait parametre
degerleri Cizelge 1’de sunulmustur.

” L, pile L, M L, »
Giris g W B Y S W W I T —— Cikis
— —
To — B T e T W O
Oluklar 4~

x

Sekil 1. Kanalin sematik gosterimi

Cizelge 1. Kanal geometrisine ait parametre
degerleri
Parametreler Degerler
H (kanal genisligi) 10 mm
L (kanal uzunlugu) 500 mm
2r; (oluk uzunlugu) 10 mm
12 (oluk derinligi) 5 mm
P (oluklar aras1 mesafe) 10 mm
1 (¢1kintilar aras1 mesafe) 20 mm

h (¢ikint1 yiiksekligi) 1 mm, 2.5 mm, 5
mm
B (¢ikint1 agilar) 45°,90°, 135°
Tw (test boliimii yiizey 365K
sicakligy)
Tin (akiskan giris sicaklig) 300 K

Vin (akigkan giris hiz1) 0,3 m/s (Re=5000)

C.U. Miih. Fak. Dergisi, 38(3), Eyliil 2023

Analizler sonucu elde edilen verilerin dogrulugu
acisindan ag elemani sayist bagimsizligt sayisal
caligmalarin en 6nemli asamalarindan biridir. Bu
asamada bir ¢ikig parametresi belirlenerek farkli
eleman ve digim sayilar1 igin analizler
tekrarlanmaktadir. Elde edilen sonuglarin kabul
edilebilir degisim araliginda olmast ile kullanilmasi
gereken en  disik ag eleman  sayisi
belirlenmektedir. Bu g¢alismada ¢ikis parametresi
olarak oluklu yiizeylerdeki ortalama Nusselt sayis1
(Nu) alinmuis ve farkli eleman sayilar1 kullanilarak
elde edilen degerler Cizelge 2’de sunulmustur.
Buna gore 4x10* ve iizeri ag eleman sayisi igin
Nusselt degerlerindeki degisim ¢ok kiigiiktiir. Bu
nedenle 4x10* mesh eleman sayisi lizerindeki mesh
yapilari kullanilarak sonuglarin elde edilmesi uygun
goriilmiistiir. Bu durum aym sartlar altinda Hamad
ve Ajell’in [15] caligmalarinda elde ettikleri Nu
degeri ile ortiismektedir (Re=1000 igin Nu=95).
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Cizelge 2. Farkli ag eleman sayilar1 i¢in elde edilen
ortalama Nusselt degerleri

Ag Elemami Sayisi Ortalama(l;lllsselt Sayisi
10* 88,15
2x10* 91,21
4x104 94,83
8x10* 95,05
16x10* 95,18

Sekil 2’de kullanilan ag yapisi detayli olarak
goriilmektedir. Egrisel ve {iggensel ag orgiisii
olusturulmus, ayrica oluklu yiizeylere en az 5
katman (inflation) uygulanmig ve ylizeyler
iizerindeki etkilesimin daha ayrintili elde edilmesi
saglanmustir.

Sekil 2. Kanal ag yapisi

flgili kanal akisinin tamamen gelismis, tiirbiilansls,
sikistirilamaz, iki boyutlu ve daimi oldugu
varsayilmistir. Akis alanina ait; siireklilik (Esitlik
1), momentum (Esitlik 2,3) ve enerji (Esitlik 4)
esitlikleri asagida verilmistir:

du av

™ g=0 (1
du du du P 2%u 0%u
E+U&+V§——E+Hﬁ+uﬁ 2)
W P

at ax Vay oy Hoe TH ay?2

gB(T - To) (3)
664

=a-+ta—— @)

Burada u ve v sirastyla, akis yoniindeki ve akiga dik
yondeki hiz bilesenlerini, P ve T ise sirastyla, basing
ve sicakligl tanimlamaktadir. Akiskan 6zellikleri
olan p, k, p ve a sirasiyla, yogunlugu, termal
iletkenligi, dinamik viskoziteyi ve 1s1 yaymim
katsayisini tanimlamaktadir.

Ist ve akis problemlerinde O6nemli boyutsuz
sayilardan biri olan Reynolds sayisinin (Re) esitligi

asagida sunulmustur (Esitlik 5):

_ pul
Re = " 5)
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Kanal girisine hiz sinir kosulu ve 300 K sicaklik,
kanal ¢ikisina ise basing ¢ikis kosulu uygulanmistir.
Oluklu test yiizeylerine T, sicaklik simir kosulu
tanimlanirken diger diiz yiizeyler (yukari ve asagi
akim boliimleri) adyabatik olarak tanimlanmistir.
Akig alanmma ait smir kosullari  asagida
Ozetlenmistir:

e Giris kesiti: u=uj, v=w =0, Tin =300 K

o Kanal yukar1 ve agagi akim duvar ylizeyleri: u =
v=w =0, q = 0 adyabatik

o Oluklu 1sitilmis bélim duvar yiizeyleri: Tw =
365K

o Cikis kesiti:
oTg _ du _ 0v _ 0w _ 0k_6s_0
ax  ’ox o8x  ox  ’ox  ox
Kanalin 1s1l-hidrolik performansinin

degerlendirmesinde kullanilan boyutsuz sayilara ait
esitlikler Esitlik 6, Esitlik 7 ve Esitlik 8’de
sunulmustur:

Ortalama Nu sayist:

hL,

Nty = 22 ©)

Siirtiinme faktori:

2APH
- pL2(ujn)? (7)

Termal performans:

Nu
Nug)
®)

PEC = 2%~
@73
Burada; Nu ve f incelenen kanal i¢in, Nu, ve f, ise
ayn1 temel boyutlardaki oluksuz ve engelsiz diiz
kanal i¢in elde edilen Nusselt ve siirtiinme faktorii
degerlerini gostermektedir.

Calismada akig alanma ait esitlikleri ¢6ziimlemek
ve kanal modellerinin termal-hidrolik
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performansint belirlemede kullanilan parametre
degerlerini elde etmek icin bir Hesaplamal
Akisgkanlar Dinamigi (HAD) yazilimi olan ANSYS-
Fluent programi kullanilmistir. Sonlu hacim
yontemi ile basit algoritmalar aktif edilerek
konvektif terimler i¢in ikincil yonlii bir sema diizeni
benimsenmistir. Akigkan giris hizi ve oluklu
1sttilmig bolim uzunluguna bagli olarak hesaplanan
Re sayisinin 5000, 10000, 15000 ve 20000 degerleri
icin k-g tirbillans modeli secilmistir. Farkli
tirbiilans modelleri arasindan k - & tiirbiilans
modelinin  bir duvardaki periyodik oluklar
tizerindeki 1s1 transferini ve akigkan kanal akisini
tahmin etmede daha uygun oldugu Eiamsa-ard ve
Promvonge [16] yaptiklart g¢alisma ile ortaya
konmustur. Ayrica mevcut caligmada yapilan
analizler sonucu elde edilen verilerin referans
alman Hamad ve Ajell’in [15] ¢alismasiyla uyumu
bu se¢imi desteklemektedir. Mevcut arastirmada
yakinsama kriteri; siireklilik, momentum ve
tiirbiilans esitlikleri icin 107, enerji esitligi i¢in 10
olarak kabul edilmistir.

3. ARASTIRMA BULGULARI

Sekil 3, Sekil 4 ve Sekil 5°te sirasiyla h/H=0,1, 0,25
ve 0,5 icin Re=5000 degerindeki TKE konturlar
sunulmustur. Engel yiiksekligi h/H=0,5 igin
digerlerine gore daha yiiksek TKE alanlariin elde
edildigi acgik¢a goriilmektedir. Engel yiiksekligi
h/H=0,1 ve 0,25 i¢in kanal yiizeyleri arasindaki
disiik yogunluklu TKE alan1 artan engel agilariyla
birlikte kanal icerisine dogru yayilmaktadir.
Maksimum TKE degerleri h/H=0,25 i¢in f=90° ve
B=135° de engellerin {ist yiizeyi etrafinda kiigiik bir
alan1 kaplarken, h/H=0,5 i¢in tim agilarda ilk
engelden baglayip bir sonrakine dogru yayilarak
kanal boyunca tiim engeller arasindaki alani
kaplamaktadir. Yine h/H=0,5 i¢in kanal (ist
oluklarindaki maksimum TKE alanlar1 dikkat
cekicidir ve f=45° i¢in digerlerine gore daha biiyiik
bir alan1 kapladigi goriilmektedir. Her ii¢ engel
yiiksekligi i¢cin de engeller sonrasi olusan en genis
minimum TKE alanlar1 f=135° i¢in elde edilmistir.
Oyle ki bu alan h/H=0,5 igin alt oluklar1 tamamen
kaplamaktadir.
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stp 0959 bé" gﬁ’" Qf.fP (,@ Q@Q 09’909'3},9'%9“
Turbulent Kinetic Energy K [m*2 s*-2]
Contour 1
Sekil 3. TKE konturlart (h/H=0,1), (a) B=45° (b) p=90° (c) p= 135°
a
b
C
QO M B B
FFE I EF TS
Turbulent Kinetic Energy K [m*2 s4-2]
Contour 1
Sekil 4. TKE konturlari (/H=0,25), (a) B=45° (b) p=90° (c) p= 135°
a
b
C
o
FIFEFT F PSS
Turbulent Kinetic Energy K [m"2 sh-2]
Contour 1

Sekil 5. TKE konturlar1 (h/H=0,5), (a) B=45° (b) p=90° (c) p= 135°
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Sekil 6, 7, 8 ve 9°da diiz, oluklu ve oluklu-engelli
kanallar i¢in Re sayisinin 5000-20000 araligindaki
sirastyla, Nu sayisi, AP, f ve PEC sayist degisimleri
sunulmustur. Sekil 6’da Nu sayisi degerleri 38,83
ile 245,28 araliginda degismekte olup tiim kanal
modelleri icin artan Re sayisiyla birlikte Nu
sayilarinin da arttig1 goriilmektedir. Tim Re sayilari
icin en diisiik Nu sayilar1 beklenildigi gibi diiz kanal
i¢in elde edilmistir. Diiz kanaldan sonra en diisitk
Nu sayilari oluklu kanala aittir. Yine tiim Re sayilart
i¢in en yliksek Nu sayilar1 h/H=0,5, f=45° oluklu-
engelli kanal modeli i¢in elde edilitken bunu
h/H=0,5, f=90° modeli izlemektedir. Re=5000 igin
diiz kanal disindaki diger modellere ait Nu sayilar1
birbirine yakinken, Re=10000, 15000 ve 20000 igin
en yiiksek degerler h/H=0,5 modelleri i¢in elde
edilmigtir. Sekil 7°de AP degerleri 44,70 kPa ile
8318,29 kPa araliginda degismektedir. En diisiik ve
en yiksek AP degerleri sirasiyla, diiz ve h/H=0,5,
B=45° oluklu-engelli kanal igin elde edilmistir.
Ozellikle Re=10000, 15000 ve 20000 igin h/H=0.5
modeline ait AP dagilimlarinin diger modellerden
olan farki olduk¢a dikkat ¢ekicidir. Sekil 8’de
stirtiinme faktorii dagilimlar1 goriilmektedir. Azalan

Ferhat KOCA, Cahit GURLEK

Re sayilariyla birlikte en yiiksek f degerleri h/H=0,5
modelleri, bityiikten kiiclige p=45°, p=90° p=135°,
icin elde edilmistir. Sekil 7°deki AP dagilimima
benzer olarak bu modele ait dagilimlar belirgin
olarak diger modellerden ayrilmaktadir. En diigiik f
degerleri h/H=0,1, B=45° modeli i¢in elde
edilmistir. Bu durum kanalda 1sitilmis yiizey olarak

degerlendirilen oluklu kismm (L,), engellerin
sadece akis yonlendirmesi i¢in kullanildig
modellerde  toplam  engel genisligi  kadar

kiiglilmesinden kaynaklidir. Re=5000 ile 10000
arasinda f degerlerindeki diisiis oldukca belirgindir.
Re=10000 den sonra bu degisim orani gittikge
azalmaktadir.

Re sayilarina bagl olarak benzer bir dagilim
Sekil 9’da sunulan PEC dagilimi igin de
gozlemlenmektedir. En diisik PEC degerleri
Re=5000-10000 araliginda h/H=0,5, p=135° kanal
modeli i¢in, Re=10000-20000 araliginda ise oluklu
kanal i¢in elde edilmistir. Tiim Re sayilari igin
birbirine ¢ok yakin en yiiksek degerler h/H=0,1,
B=45° ve h/H=0,1, B=90° kanal modelleri i¢in elde
edilmistir.

300
| —8—Diiz
250 ] —&— Oluklu
— B=45. IWH=0.5
200 B=90. WH=0.5
- —&— (=135. WH=0.5
7 150 —8— B=45. WH=0.25

0

—@— (=90, IVH=0.25
—8— (=135, WH=0.25
—8— =45, WH=0.1
—8— =00, /H=0.1
—— (=135, VH=0.1

5000 10000

Re

15000

20000

Sekil 6. Nu sayis1 dagilimi
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&4 4000 N
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2000 —e—p=45, h/H=0,1
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Sekil 7. Basing diisiisii dagilim1
0.02
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Sekil 8. Siirtiinme faktorii dagilimi

2.4
—8— Oluklu
—8— =45, WH=0.5
' B=90. WH=0.5
—8— =135, WH=0.5
= —8—B=45, WH=0.25
—8— [3=00, IVH=0.25
1.8 —8— =135, WH=0.25
—o— =45, WH=0.1
1.6 1 —8— (=90, WH=0,1
]

(]
(]

=l

PEC

—8— (=135, WH=0.1

5000 10000 15000 20000

Re
Sekil 9. PEC dagilimu
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Akis ayrilmasmin 1sil  performansa etkisini
vurgulamak i¢in Sekil 10 a ve b’de sirastyla en kotii
ve en iyi 1s1l performansa sahip kanal modellerine
ait hiz konturlar1 sunulmustur. Sekil 10 a’da ilk
engel ucundan baglayarak son engele dogru yayilan
jet akist acikca goriilmektedir.

Ferhat KOCA, Cahit GURLEK

Engeller sonrasindaki 6lii akig alanlart Sekil 10
b’deki alanlara oranla olduk¢a biiyiiktir. Bu
durumun PEC dagilimi grafiginden de goriildiigii
gibi Sekil 10 b’deki kanal modeline gore 1s1
transferi performansina olumsuz etkiledigi agiktir.

b r— ——— Pr— —~— r— Jr— —— P— —— —— et
P S PP PR D PP A
o7 o7 O Iﬁ .Q .0 LY .0 IC) o7 O
Velocity [m s*-1]
Sekil 10. Hiz konturlar1 (a) f=135°, h/H=0,5 (b) p=45°, h/H=0,1
4. SONUCLAR edilen sonuglarin gelecekte yapilacak farkli oluk ve

Bu calismada dairesel oluklu bir kanalin alt
yiizeyine ti¢ farkll ag1, f=45°, 90° ve B=135° ve
yiikseklikte, h/H=0,1, 0,25 ve 0,5 yerlestirilen
dikdortgensel engellerin - kanalin  1sil-hidrolik
ozelliklerine olan etkisi sayisal olarak incelenmistir.
Dort farklt Re sayisi, Re=5000, 10000, 15000 ve
20000 i¢in Nusselt sayisi, AP, f ve PEC degerleri
elde edilmis, en yiiksek PEC sayisinin elde edildigi
Re sayisi, Re=5000 icin akig alanma ait TKE
konturlart sunulmustur. Artan Re sayilariyla birlikte
Nusselt say1 ve AP degerlerinin arttig1, f ve PEC
degerlerinin ise diistigii goriilmektedir. En yiiksek
Nu sayisi, AP ve f degerleri h/H=0,5 kanal modeli
icin elde edilmistir. Elde edilen PEC sonuglari
1s1ginda  oluklu kanallar arasina yerlestirilen
engellerin  kanalin 1sil-hidrolik  performansini
artirdig1 goriilmektedir. Bununla birlikte oluklu-
engelli kanallar igerisinde en diisiik 1sil-hidrolik
performans h/H=0,5, B=135° kanal modeli i¢in elde
edilmistir. En yiiksek 1sil-hidrolik performans ise
h/H=0,1, p=45° kanal modeli i¢in elde edilmistir.
En yiiksek ve en diisiik performansa sahip bu
modeller arasinda %26,19’luk bir fark ortaya
cikmistir. En iyi 1s1l performansi veren kanal
modelinin ~ giinimiiz ~ dretim  teknolojileri
diistiniildiigiinde  kolaylikla tiretilebilecegi ve
ozellikle elektronik cihazlarin sogutulmasinda
faydali olabilecegi diisliniilmektedir. Ayrica elde
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engel geometrileri ve parametreliyle ilgili
calismalara katki saglayacag diisiinilmektedir.
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Abstract

In modern power grids, renewable energy sources (RESs) are integrated to the grid through voltage source
converters (VSCs) with grid-forming capabilities. Grid forming VSCs’ weak overcurrent capability
revealed the need for current limiting techniques under large disturbances like short-circuit faults. However,
current saturation algorithms induce transient instabilities due to the AC voltage controller windup issue
when the current is saturated. Therefore, analyzing the transient stability of the grid-forming units in case
of fault conditions is crucial for ensuring the reliable and secure operation of the grid. This paper
investigates the effects of the current limiting algorithm with anti-windup control to handle transient
instabilities during fault conditions. An elaborated theoretical analysis of the presented system is performed
by considering different case studies. The simulations are conducted by using Matlab/Simulink software to
test the validity of the presented system. The obtained results highlight the advantages of an anti-windup
controller during current saturation mode.

Keywords: VSCs, Grid-forming, Current saturation, Anti-windup, Power flow control

Sebeke-Sekillendirici Doniistiiriiciilerin Gecici Durum Kararhhgi icin Anti-
Windup Kontrollii Akim Smirlama Algoritmasinin Analizi

Oz

Modern gii¢ sebekelerinde, yenilenebilir enerji kaynaklar1 (YEK'ler) sebeke olusturma kabiliyetine sahip
gerilim kaynagi doniistiiriiciileri (VSC'ler) araciligiyla sebekeye entegre edilmektedir. Sebeke olusturan
VSC'lerin diisiik asir1 akim kapasitesi, kisa devre arizalari gibi biiyiik bozulmalar altinda akim simirlama
tekniklerine olan ihtiyaci ortaya ¢ikarmistir. Ancak, akim doyum algoritmalari, akim doyuma ulastiginda
AC gerilim kontroloriiniin windup sorunu nedeniyle gegici kararsizliklara neden olur. Bu nedenle, ariza
durumlarinda sebeke olusturan birimlerin gegici kararliliginin analiz edilmesi, sebekenin giivenilir ve
emniyetli caligmasimi saglamak icin c¢ok Onemlidir. Bu makale, ariza kosullar1 sirasinda gecici
kararsizliklarin iistesinden gelmek i¢in windup 6nleyici kontrollii akim sinirlama algoritmasinin etkilerini
aragtirmaktadir. Sunulan sistemin ayrintili bir teorik analizi, farkli vaka caligmalari dikkate alinarak

*Sorumlu yazar (Corresponding Author): Ozgiir CELIK, ozgurcelik@atu.edu.tr
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gerceklestirilmigtir. Simiilasyonlar, sunulan sistemin gecerlili§ini dogrulamak i¢in Matlab/Simulink
yazilim1 kullanilarak gerceklestirilmistir. Elde edilen sonuglar, akim doygunluk modu sirasinda bir windup

Onleyici kontroldriin avantajlarini vurgulamaktadir.

Anahtar Kelimeler: VSCs, Sebeke-sekillendirici, Akim doyum, Anti-windup, Gii¢ akist kontrolii

1. INTRODUCTION

Increasing energy demand in line with the industrial
improvements and growing population paved the
way for more common utilization of clean and
sustainable energy sources [1,2]. In addition, the
energy crisis owing to the exhaustion of fossil fuels
and environmental concerns related to carbon
emissions make renewable energy sources (RESs)
the focus of attention [3]. To interface the RESs
with the utility grid voltage source converters
(VSCs) are commonly utilized in power networks
[4]. Based on their operation, converters can be
classified into three main types namely grid-
feeding, grid-supporting, and grid-forming [5]. The
grid-feeding converter can be described as a
controlled current source in parallel with an
impedance. On the other hand, the grid-forming
converter can be introduced as a controlled voltage
source in series with an impedance [6]. The idea
behind  the  grid-feeding  converter  is
synchronization to the grid by employing a phase-
locked loop (PLL) and controlling the powers in the
outer loop and current in the inner loop. It can be
said that the current is limited at the outer control
loop which forms reference currents for the inner
control loop within the converter operating
boundaries [7]. In the grid-forming control, the
outer power loops generate operating voltage/phase
angle and inner voltage/current loops inject
generated power according to references taken from
the outer loop [8]. The grid—forming concept is
fundamentally proposed for islanded grid
applications and uninterruptible power supply
applications. Then, this concept is adopted to VSCs-
based RESs in line with the increased distributed
generation in power grids. It means that there is a
control paradigm shift from central control to
distributed control for power grids. The grid-
forming VSCs have the ability to mimic the
behavior of synchronous generators. They can
ensure inertial response and fault current
contribution to enhancing the grid stability [9]. Due
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to the behavior as a voltage source, high current
overshoots can be experienced during fault
transients. It can be said that grid-forming
converters are more prone to transient instabilities.
Therefore, a current limiting algorithm for grid
forming units is mandatory to protect the converter
components and maintain the grid stability without
having a protective fault tripping [10]. In this
manner, current limitation techniques attract
attention for grid-forming VSCs. VSCs are allowed
to withstand overcurrent up to 20-40% of the rated
operation current while the synchronous generators
can cope with six-seven times of rated current [11].
There are two main current limitation techniques for
grid-forming VSCs highlighted in the literature.
These current limitation techniques are basically
activated during transients to restrict the current and
enhance the transient stability. Among current
limitation techniques, the virtual impedance method
is one of the more widely used current limitation
techniques in the literature [12,13]. The main idea
for this method is to apply the effect of impedance
in case of current peaks during transients. In [11],
authors compared the virtual impedance and current
limiting algorithms for short-circuit fault analysis of
droop-controlled VSCs. In [12], authors have
focused on virtual impedance current limiters to
enhance transient stability in event of overload. In
[13], Xiong et. al., have revealed the effect of virtual
resistance on transient stability and performed
design-oriented analysis. In [14], authors have
discussed the development of an adaptive virtual
impedance current limitation method to ensure
effective protection in case of different fault current
levels.

The other current limitation technique is the current
saturation algorithm [4]. In this technique, whether
the d-axis or g-axis can be determined as a priority
according to vector orientation and these
components can be limited by adjusting a set of
equations [11]. In [4], Huang et. al., have discussed
the transient stability of droop-controlled VSCs by
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taking the current saturation algorithm into account.
In [11], authors have performed a comparison
between the current limiting techniques and their
effect on transient stability. In [15], the current
saturation analysis for grid-forming VSC and anti-
windup control design has been explained by the
authors. In [16], a single-phase grid-connected
droop-controlled VSC with a current limiter has
been modeled by the authors. In [17], authors have
utilized current limiters and investigated
interactions between grid-forming converters and
synchronous machines. In this paper, the current
limiting algorithm with anti-windup control is
applied for  droop-controlled  grid-forming
converters. The current limiting algorithm is
adopted to the inner current/voltage control loop.
Then, the transient behavior of the converter is
investigated under large disturbances. Conducted
several case results illustrate improved stability and
effective protection performance of the analyzed
control scheme.

This paper is structured as follows. Droop-
controlled grid-forming VSC is given in Section 2.
Section 3 describes the developed system. In

Vabe

Rinv  Liny
T gl s,
Liny . Tabe
L

2.2. Droop-Controlled Grid-Forming VSC

Grid-forming control acts like a voltage source
connected to an impedance as demonstrated in
Figure 2. Droop control basically emulates the
speed droop feature of the synchronous generator
governor. It is possible to mimic the relation
between frequency and output power fluctuation.
On the other hand, reactive power control is
accountable for the voltage magnitude as a voltage
regulator.
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Section 4, transient analysis of droop-controlled
VSC with current limiting algorithm is explained.
Performance analysis of the developed system
based on the simulation studies is presented in
Section 5. Section 6 highlights the conclusions and
discussion of this study.

2. DROOP CONTROLLED GRID-
FORMING VSC

2.1. Description of the System

The constructed system is illustrated in Figure 1.
The system mainly includes two droop-controlled
VSC with an LCL filter, two load banks (one is
constant other one is controlled), a transformer, and
ac grid. The grid is modeled as a three-phase ac
voltage source that has equivalent grid impedance.
“Vg” represents the grid voltage, “Li,” is the
inverter side filter inductance, “L,” grid side filter
inductance, and “Cy’ is the filter capacitor. “Zi»”,
“Vare”, and “I.” represent inverter side current,

capacitor voltage, and grid side current,
respectively.
L Bus \
|
Load 1 |
= |
Toad2 |
|
L, |
v, |
|
|
/

P*

—>| Droop
Q*—s

Control

Figure 2. Grid-forming control
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The control diagram of the constructed system is
depicted in Figure 3.

current/voltage and outer power control loops are

~.
o
£~

The cascaded inner included to utilize multi-loop droop control [18].
SO - - - - - - -"""-""-"—""—""—"-"—7—7——7 = -\‘I
| i inv Vabe iabe
| i ;t %bt P-f Droop Control |
I T [= w* ‘CI’J,, ‘P* P |
| 'm dy I @‘@‘_@‘_@ |
|24 |
2. | |
| dg = abc [r_!:.q l,ﬁl{.q ‘;}q W.J.c;—b Power |
| T ldg ey | Calculation | |
| . oref / o i % Q* |
Current Idg Current ¢ ] ® Voltage JH ; o “' 0 ]
oniro, imiter ] oniro —
I Control L | comrol |—T® « |
| i - O-V Droop Control
N qu JT T Idlrfﬂ'i = /s )

Figure 3. Control scheme of the constructed system

The angular frequency and reference voltage are
attained by means of the outer droop control loop.
The formulation of the traditional P-f and Q-V
droop controls are given in Equations (1) and (2)
[19].

w* —w, =m(P*—P) (1)
Vi=1, =n@Q" -Q) )

where “w,” - denotes reference angular frequency,
“m” - is the active power droop constant, “V,” - is
the reference voltage, and “n” - is the reactive
power droop constant. The inner control structure of
the VSC is performed based on the synchronous
rotating frame. As depicted in Figure 3, the inverter
filter capacitor voltage and output current are
measured to calculate instantaneous active/reactive
power by applying Park transformation as in
Equations (3) and (4) [19].

—_— . T

ydq - [vabc labc] (3)
P = Vabea * Labea T Vabe,qg * iabc,q} o
Q= Vabc,a * iabc,q — Vabeg * iabc,d

where “v,,;,.” - is the capacitor voltage, and “ip.” -
is the current injected to the grid. The inner
voltage/current control loops are included to ensure
rapid control of the filter capacitor voltage.
Reference value for the voltage control loop is taken
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from the outer Q-V droop control loop. The
reference current nodes are computed by using the
feedback terms that passed through the PI controller
and adding feed-forward terms as in (5) and (6).

ﬁdq = v;bc,dq ~ Vabc,dq @)

% _ . —_ 5
linv,dq - Gilabc,dq + chabc,dq + kpvvdq +
kivvdq (6)

where “G;” - is the feedforward constant, “k,,,” - is
the proportional gain for the voltage controller, and
“k;,” is the integral gain for the voltage controller.
The computed current reference nodes in the dg-
frame are then passed through the current limiting
block. After that, these reference values are applied
to the current control loop to generate internal
voltage reference in the dg-frame for the PWM
block. The current control loop is also performed by
using PI controllers and feedback terms as
presented in (7) and (8).

idq = i;nv,dq - iinv,dq @)
VUref,dq = WLiinv,dq + kpcidq + kicidq (®)
where “k,,.” - is the proportional gain for the current
controller and “k;.” is the integral gain for the

current controller. The main objective is to design a
well-parametrized inner voltage/current loop. In
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line with this, it is possible to make inverter filter
capacitor voltage behavior as the controllable
voltage source [18].

3. CURRENT LIMITING
ALGORITHMS AND ANTI-WINDUP
CONTROL

3.1. Current Limiting Algorithm

The multiloop control system presented in this
paper is oriented to d-axis by adjusting the g-axis
voltage to zero. Therefore, V;is used as a reference
for the required voltage magnitude. In utilized
control scheme, reference currents for the current
loop are generated by the voltage control loop. In
case of an overload situation or short-circuit fault,
the current saturation algorithm given in Equation
(9) limits the current to protect the VSC from being
damaged [4,11,15-17].

Igef =min (I,qy, |1;ef|)

9
I;ef — min( Imaxz _ (Igef)Z’ |l;ef|> ( )

Where “I,,4,” - is the maximum allowable current
level, [A]; “I}¥” and “I;ef ” _are the reference

current values generated by the inner voltage
control loop, [A].

3.2. Presented Anti-Windup Control

In grid-feeding inverters which behave as current-
controlled sources, PLL is responsible to notice the
grid voltage phase angle, and the detected phase
angle is used for park transformation even under
conditions that require current limiting. However,
in grid-forming control output of the voltage control
saturates and is not able to keep the voltage level at
the level of grid voltage [12]. It means that in the
current saturation situation, the value of Vg is no
more equal to zero. Hence, the alignment of the dg-
axis cannot be maintained. To solve this problem,
an anti-windup strategy is applied for the voltage
regulators. In this manner, the integral controller
gains are dynamically changed to zero during the
current saturation mode and alignment of dg-axis
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voltages is ensured. The conditional integration
method is applied for anti-windup protection. When
the output of the controller reached the saturation
limit, the integrator coefficient is adjusted to zero.
The schematic of the PI controller with anti-windup
protection is illustrated in Figure 4 [20].

Figure 4. Block diagram of PI controller with anti-
windup [20]

In case of abnormal conditions such as overload or
severe voltage sags due to short-circuit fault, the
current saturation algorithm is triggered. In this
manner, by using the PI controller with an anti-
windup, the voltage controller windup can be
prevented. Thus, it is possible to achieve higher
transient stability for the grid-forming VSC.

4. TRANSIENT ANALYSIS OF
DROOP-CONTROLLED VSC WITH
CURRENT LIMITING ALGORITHM

The transient stability of the droop-controlled grid-
forming converter under large disturbances is
introduced in this part. In case of large disturbances,
it is easy to trigger current saturation and cause a
failure at the inner voltage control loop. The applied
large-signal disturbances are;

- Symmetrical three-phase short-circuit fault,
- Load variation.

In these cases, the dynamic behavior of the
converter is investigated for both inner and outer
control loops. When the voltage sag occurs, the
droop-controlled VSC behaves like a current source
which normally behaves like a voltage source
because of the current limitation. This reduces the
stability margin. The merits of the current limiting
technique on the large-signal transient stability is
tried to explain by considering variation in the
output power. The active power of VSC in the
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current limiting situation can be calculated as in
Equation (10).

Prax = UlLpaxcos9 (10)

The VSC can remain in a stable region if the fault is
cleared prior to arriving at the power angle limit.

umie = acos (/p ) (1)

5. RESULTS AND DISCUSSIONS

Performance analysis of the presented system in
Figure 1 is conducted in Matlab/Simulink
environment to illustrate the advantages of the
developed control structure. The parameters for the
system simulation are highlighted in Table 1.

Table 1. Parameters of the simulated system

Parameters Values

o 8 Sbase 5kVA
é 'c% Vbase 400 Vrms

> Whase 2nf

Rated Power 5 kW

20 Rated Voltage 400 V
g Liny 0.15 pu
S g L, 0.15 pu

= Ccf 2.5 pu
O m 0.05 pu/s
n 0.2 V/Q

Load 22.4+j0.01 Q

To test the validity of the presented control
approach two case study is applied. For these case
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25000

studies the results are taken for control structure
without the current limiting algorithm, with the
current limiting algorithm, and with the current
limiting algorithm plus anti-windup mechanism.
The transient analyses of two case studies are
conducted based on the load variation and three-
phase short circuit fault condition.

5.1. Responses to Three-phase to Ground Short
Circuit Fault

In this scenario, a zero impedance three-phase to-
ground short circuit fault on the grid side is
considered as a case study. Figure 5 shows the
output power deviation for one grid-forming
controlled VSC under 5 cycles of three-phase short
circuit fault duration which correspond to 100 ms
fault time. The output power of the grid-forming
VSC unit without the current limiting structure that
is shown with the red line instantaneously increases
to 25 kW and it takes more than 1 s to achieve a
steady-state value. In addition, the output power for
the control mechanism with the current limiting
feature instantaneously goes to 9 kW and it takes
0.5 s to reach a steady-state value. On the other
hand, the output power for the unit with the current
limiting algorithm plus anti-windup mechanism
increases to 9 kW and it takes 0.25 s to reach a
steady-state value. It can be obviously seen that
without the current saturation algorithm, the
maximum active power output exceeds the
allowable current saturation level and keeps
increasing the output power.

20000 -

g 15000

5 10000 -
z

=]
A< 5000 =

0

=—Pout-CSA-AWP
——Pout L
——Pout-CSA

-5000
1.5

2

2.5 3

Time (seconds)

Figure 5. Output power deviation under three-phase short circuit fault
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In this event, it is quite normal to lose the
synchronization with the grid and not possible to
reach a stable equilibrium. However, the current
saturation mode helps to keep the converter output
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power at an allowable rate and reach a stable
equilibrium in a short time. It can be noticed also
from output current waveforms. The output current
waveforms are shown in Figure 6.

23

% 5: ?C\)(,%\)OJ‘% &WXWXWxwaxwaxwax“
v
- MLW%WWMW%MW

23

Time (seconds)

Figure 6.

(©)

Output current waveforms for grid-forming VSC control structure under short-circuit fault (a)

without the current limiting (b) with the current limiting algorithm (c) with the current limiting

algorithm plus anti-windup mechanism

The control structure with the current limiting
algorithm plus anti-windup mechanism is more
robust and stable against the short-circuit fault
circumstances. Fault clearing time is also improved
thanks to the presented controller structure. To

C.U. Miih. Fak. Dergisi, 38(3), Eyliil 2023

highlight the promising aspects of the presented
current limiting control with an anti-windup
strategy, the output of the voltage controller is also
illustrated in Figure 7.
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Figure 7. Output of the voltage controller with and without anti-windup protection under three-phase

short-circuit fault condition

As depicted in Figure 7, the settling time of the
presented current limiting control with an anti-
windup control strategy is improved by more than
0.8 s. Hence, the system recovery time in the event
of a three-phase short-circuit fault is substantially
enhanced. Moreover, it can be concluded that the
current saturation algorithm with anti-windup
provides transient stability of the system for higher
fault durations. The presented is more robust for
returning to the normal operation point owing to
controlling the integrator of the voltage controller.

5.2. Responses to Load Change

This section discusses the load increment on PCC.

It should be noted that a transient instability like in
a three-phase to-ground short-circuit fault can also
be possible when the grid-forming controlled VSC
is subjected to this kind of large disturbance. The
load level is instantaneously increased around 4
kW. The increased load level is shared between the
units as 2 kW. As can be observed in Figure 8§, the
output power is more stable in case of the load step
change for the control structure with the current
saturation algorithm and anti-windup. The VSC unit
can come to normal operation much faster than the
unit without the current saturation algorithm. In
addition, having a control for the integrator of the
voltage control enhances the transient stability
margin of the system.

7000 —
6000
g 5000 -
=
o |
E 4000 i

3000

2000 L

——Pout CSA AWP| |
——Pout CSA
Pout H

15 2

2.5 3

Time (seconds)
Figure 8. Output power deviation under load change

The output current waveforms are shown in Figure
9. It can be clearly observed that fault clearing time
and reaching the stable operation point is
remarkably improved for the presented control
mechanism. The control structure with the current
saturation algorithm and anti-windup maintains
transient stability at reasonable operation points and
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provides stable energy to load according to the
demand. However, the VSC without the current
saturation algorithm exceeds the stable operation
limits and cannot prevent synchronous instability. It
means that the VSC without the current saturation
algorithm run to a saturated power curve and cannot
recover to the stable operation point.
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Figure 9. Output current waveforms for grid-forming VSC control structure under load change (a) without
the current limiting (b) with the current limiting algorithm (c) with the current limiting algorithm

plus anti-windup mechanism

The effect of the anti-windup mechanism can be
observed from the output of the voltage controller
as shown in Figure 10. It is more robust and stable
against load variation circumstances. The controller
output recovery time is notably enhanced.
Controlling the integrator constant can preserve
synchronous stability by preventing unexpected
saturation at the output of the voltage controller.
The current limiter limits current reference to 50 A.
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However, without the anti-windup protection, the
output of the voltage controller saturates to a
defined value and it takes much more time to reach
the stable operation point. It can be observed that
there is no further increase in the value of integrator
output for systems with anti-windup protection and
recovery time to normal operation is significantly
improved.
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Figure 10. Output of the voltage controller with and without anti-windup protection under load variation

6. CONCLUSION

In this paper, the current saturation algorithm with
an anti-windup mechanism for large signal transient
stability of droop-controlled VSC is discussed and
analyzed in detail. The advantages and limitations
of the presented current limiting control with an
anti-windup control strategy are highlighted. The
presented control structure provides merits in terms
of the larger stability margin when compared to the
control  structure  without an anti-windup
mechanism. According to the analyzes performed in
this study, the anti-windup mechanism is required
to preserve synchronous stability by preventing the
unexpected saturation at the output of the voltage
controller and ensuring fast recovery time to reach
normal operation conditions. Otherwise, it takes
much time to recover after current saturation and
results in a power imbalance in case of using only
the current saturation algorithm in the control
structure.
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Abstract

In this study, it was investigated that talc ore could ground to very fine sizes using a combination of
conventional ball mill and vertical stirred mill. Firstly, the conventional ball mill parameters such as mill
speed (% of critical speed), material filling ratio (Jy), ball filling ratio (fc), ball size distribution (10-20-30-
40 mm, %), grinding aid ratio (% of powder) and grinding time (min.) were optimized using classic
experimental design. As a result of the optimization, fine talc product was obtained with dgp=93.52 pm
particle size. In the second stage, the ball mill product was re-milled using a stirred mill. As a result of
study, a final ultra-fine talc powder was obtained after 60 minutes grinding time with dsp=1.85 um particle
size and 14058 cm?/g total surface area. It has been seen that the conventional ball mill+stirred mill
combination effective a process to obtain talc powder that suitable for industrial use.

Keywords: Talc, Conventional ball mill, Stirred ball mill, Ultra-fine product

Bilyeli Degirmen ve Karistirmali Degirmen Kombinasyonu ile Cok ince Talk
Uretimi

Oz

Bu ¢alismada, konvansiyonel bilyeli degirmen ve dik karistirmali degirmen kombinasyonu kullanilarak talk
cevherinin ¢ok ince boyutlara dgiitiilebilecegi arastirilmustir. {1k olarak, degirmen hiz1 (kritik hizin %'si),
malzeme doluluk orani (Jb), bilye doluluk orani (fc), bilye boyut dagilimi (10-20-30-40 mm, %), 6&litme
yardimcisi gibi geleneksel bilyeli degirmen parametreleri klasik deneysel tasarim kullanilarak optimize
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Combination of Conventional Ball Mill and Stirred Mill to Obtain Ultra-Fine Talc

edilmistir. Optimizasyon sonucunda dgg=93.52 pm partikiil boyutuna sahip ince talk {irlinii elde edilmistir.
Calismanin ikinci agamasinda ise bilyeli degirmen iiriinii dik karistirmali degirmen kullanilarak yeniden
ogiitiilmiistiir. Calisma sonucunda, 60 dakika 6giitme ile dso degeril.85 pm olan ve 14058 cm?/g toplam
ylizey alanina sahip ¢ok ince talk iiriinii elde edilmistir. Calismanin sonunda konvansiyonel bilyeli
degirmen+tkaristirmali degirmen kombinasyonunun endiistriyel kullanima uygun ¢ok ince talk eldesi i¢in

etkili bir teknoloji oldugu ortaya konulmustur.

Anahtar Kelimeler: Talk, Konvansiyonel bilyeli degirmen, Karigtirmali degirmen, Cok ince iiriin

1. INTRODUCTION

Grinding is a very important activity in many
industries such as the chemical, pharmaceutical and
material industries. [1]. Grinding process is
intensively used in industrial raw materials (calcite,
talc, barite, kaolin, quartz etc.) in mining sector to
obtain fine/ultra-fine powder products. In practice,
two grinding technologies are predominantly
involved in the industry. The first of these is the
conventional ball mills and the second is the stirred
mills.  Conventional ball mills are still
predominantly preferred in the fine and ultra-fine
grinding sector in the world. The most important
reasons for this are knowledge of its technology,
making domestic production and having a high
capacity. The view of a dry micronized grinding
line is given in Figure 1.

®
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7 n 8
)
1 - i 1. Feeder
2. Ball mill

5. Cyclone product
6. Filter

7. Filter product

8 Fan

-
e

Figure 1. A simple micronize grinding flowsheet [2]

If 80 percent of the product size is below 75 um the
ball mill efficiency drops sharply. For this reason, it
is accepted that the ball mill grinding limit in the
range of 4045 um. [3]. Wang and Forssberg [4]
emphasize that the ball mill is used for products
below 100 um in the relationship between feed,
product sizes and energy consumption of different
mill types. In addition, there are many academic
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studies on fine and very fine grinding in ball mills.
These studies show that ball milling is still
indispensable in powder production technology in
the world [5-13].

In ball mill experimental studies performed using
the classical or traditional experiment design. In this
method, one parameter at a time is changed and one
level of other independent parameters is kept
constant. As seen in Figure 2, in a product
development or experimental design made with the
classical methodology to solve a production
problem, the parameters for the experiment are
determined and the experiment is started. In the
experiment, the parameter X1 is changed, the result
of the experiment is measured and the effect on the
experiment is tried to be determined, while other
parameters are kept constant. In the experimental
study conducted with the classical methodology,
external factors (uncontrollable) affecting the
experiment are not taken into account too much
[14,15].

Setthe parameters for ] . . i
e =] 28 Lol e [T 0w L[ e
P et Paramcier et Parameter
I I T [
S y ¥ ¥ Y
Meaoe Resth Measiee Resuk Mease Restt Mezse Bestt
T =
¥ ('1? {'l J;L
Detemisne nfence Deternite nfence Detmie Ifence Detenuite Infence

Figure 2. Experiment design and measurement
with classical methodology [14].

In recent years, the use of stirred mills in various
industrial branches has become increasingly
widespread. In the mining sector, in parallel with
the increase in the need for fine grinding and the
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increase in equipment sizes, the stirred ball mills
constitute an alternative to the traditional size
reduction equipment used in the facilities. The most
important reason for this situation that the amount
of energy released in unit volume in the equipment
is very high compared to traditional size reduction
equipment and grinding to fine sizes can be
performed economically [16]. Stirred ball mills are
used for very fine and submicron grinding,
especially in  mining, chemistry, ceramics,
pharmaceutical industries, paint, microelectronic
industry etc. It is included in the literature in many
academic studies about the stirred mill [17-23]. The
use of stirred ball mills in the very fine grinding
sector continues to increase. Although these mills
have a lower capacity compared to conventional
ball mills, they are preferred because of their ability
to produce uniform products in very fine sizes
(dso=2-3 um and even in submicron sizes.

Talc is a raw material widely used in the industry
due to its many physical and chemical properties. It
is a layered, aqueous magnesium silicate with the
chemical formula [Mgs(Si20s5)2(OH),] and
consisting of 63.5% SiO,, 31.7% MgO and 4.8%
MgO [24]. Talc is widely used in different
industries such as ceramics, chemistry, paint and
food all over the world: due to its very special
mineralogical and chemical structure are used in the
cosmetics and pharmacology industry. The talc
reserve of Tirkiye is 1,158,000 tons, of which
106,000 tons are visible [25]. Grinding of talc ore to
very fine sizes is one of the requirements for its use
in industry. For this reason, it is clear that it is
necessary to take advantage of the possibilities
offered by technology in grinding the talc mineral
into very fine sizes.

To obtain ultra-fine talc powder, two different
grinding systems were combined in this study. For
this purpose, first the dry grinding parameters of
ball mill were optimized and secondly, obtained
fine talc powder product was subjected to a
regrinding process by vertical stirred ball mill.

2. MATERIAL AND METHOD

The talc ore used in this study was obtained from
Mikron'S Co. (Nigde, Turkiye). Ore supplied from
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the factory in crushed form (-2 mm). The chemical
composition of the ore is given in Table 1. Due to
the classical composition of talc ore, the studied ore
mainly consists of SiO; (63.15%) and MgO
(33.33%) compounds. The iron oxide content, on
the other hand, is not at a very low level, but not at
a very high value. Sieve analysis of the ore supplied
from the factory as -2 mm is given in Figure 3. As
can be understood from here, the dgo dimension of
the ore to be used for grinding is 1.3 mm.

Table 1. Chemical composition of the ore sample

Element %
SiO2 63.15
MgO 33.33
CaO 0.79
Fe2O3 3.12
Al203 0.03
100 -
£
280
w 4
60 -
[ i
D 4
g0
g
220 -
S i
o ]
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0 0,5 1 15 2
Particle Size (um)

Figure 3. Particle size distribution (PSD) of the
crushed sample

In the grinding tests, a 200*200 mm sized
laboratory-type stainless steel ball mill was used
(Figure 4a). Balls of four different diameters
(10,20,30,40 mm) with a density of 8000 kg/m3
were preferred as the grinding medium (Figure 5a).
In conventional ball mill tests, grinding operation
speed (% of critical speed), talc filling ratio (fc), ball
filling ratio (Jb), ball size distribution, grinding aid
ratio and grinding time (min) parameters were
optimized. In this optimization, the grinding
products were sieved through a 106 micron (150
mesh) sieve and the under-sieve ratios were taken
as basis. Critical speed (Nc), ball filling ratio (J),
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and powder filling ratio (f;) were calculated using
Equations 1, 2, and 3, respectively. The ball mill
grinding experiments were performed as a batch
operation.

Ne = [42.3 / (D - d) °5] rpm (D = mill
diameter and d = ball diameter; in meters) 1)

Jo = [(mass of balls / ball density) / mill
volume)] x (1/0.6) 2

f.=[(mass of powder / powder density) / mill
volume)] x (1/0.6) (3)

In the secondary grinding process, a 170*150 mm
polyethylene-based stirred mill was used (Figure
4b). da =3.5-4 mm alumina balls were used as
grinding medium (Figure 5b). Dimensional
analyzes of the stirred ball mill product were
determined using a dry laser sizer (Sympatec GmbH
Co., Germany).

The ball mill grinding test conditions are given in
Table 2. The ball mill grinding experiments were
performed as a batch operation. In micronized
grinding plants, it was aimed that the final product
has a uniform structure, that is, close to each other
in size. Therefore, some calculations are made for
the uniform product indicator. The most used ones
are given below. As the value of the numerical
results obtained from here is lowered, it is assumed
that the product has a narrower particle (product)
size distribution.

(deo-d10)/dso [26, 27, 28] (1)
dao/dzo [26, 29] (2)
dso/d20  [30] (3)
doo/d1o [31] (4)
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(b)
Figure 4. Ball mill (a) and stirred mill (b) used in
the study
Table 2. Ball mill grinding test conditions
Parameter Option
50
Mill speed sg
(% of Ne) 20
90
0.20
Ball filling o
ratio (Jb) 0‘40
045

Group 1:0-0-50-50
Group 11:0-20-30-50
Group 111:20-20-30-30
Group 1V:30-30-20-20
Group V:50-50-0-0
0.10
Powder 0.11
filling ratio 0.12
(fc) 0.15
0.20
0
0.025
0.050
0.075
0.10
15
20
25
30

Ball size distribution (10-20-
30-40 mm, %)

Grinding aid ratio (% of
powder)

Grinding time (min.)
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Figure 5. Balls of four different diameters using
ball mill (a) and balls of stirred mill
grindings (b)

3. RESULTS AND DISCUSSIONS

In this study, the critical speed of 50%, 60%, 70%,
80% and 90% was used in the ball mill working
speeds. The grinding test conditions of mill speed
(% of Nc) are given in Table 2. As a result of the
experiment, the values given in Figure 6 were
reached. As it can be understood from here, the best
result was obtained at 90% of the critical speed. At
this value, 52.66% of the material passed through a
106 um sieve. It is thought that the reason for the
best results to be obtained at this high speed is the
need for a cataract effect in the grinding of talc ore
with a high silica content. The speed was high but
the ore contained about 63.15% SiO».

In this context, the ball fill ratio (Jb) is respectively
0.20 4.5 kg, 0.30 6 kg, 0.35 9 kg, 0.42 12 kg,
respectively; 0.45 of 14 kg balls values were
studied. The grinding test conditions of ball filling
ratio (Jb) are given in Table 2. The results given in
Figure 7. As can be understood from these results,
it was determined that the best ball fill rate was
Jb=0.42, 12 kg ball. It is seen that the rate of passing
through a 106 pm sieve of the product obtained at
this value is 69.40%.
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The size distribution of balls for 1, 2, 3 and 4 cm
balls are respectively as %; 0, 0, 50, 50 for the first
group, 0, 20, 30, 50 for the second group, 20, 20, 30,
30 for the third group, 30, 30, 20, 20 for the fourth
group, 50, 50, 0, O for the fifth group, values were
used in the optimization. The test was made under
Table 2 conditions. As a result of the experiment,
the results given in Figure 8 were reached.
According to this, the best ball size distribution was
obtained in the 4th Group, namely 30% 1 cm, 30%
2 cm, 20% 3 cm, 20% 4 cm. The rate of passing
through a 106 pm sieve of the product obtained as a
result of grinding was found to be 73.40%.

The most important parameter affecting the
capacity and grinding in ball mill grinding is the
material fill rate. The operating conditions given in
Table 2 were used for grinding talc in a
conventional ball mill. In this context, the talc
occupancy rate (fc) is respectively; the values of
0.10 for 1 kg, 0.11 for 1.15 kg, 0.12 for 1.250 kg,
0.15 for 3 kg and 0.20 for 4 kg were studied. The
results obtain can be seen in Figure 9. It showed that
the best talc occupancy rate was fc=0.10 that is 1.0
kg talc ore. The passing rate of the product obtained
at this value through a 106 um sieve was found to
be 73.40%.

We know that one of the important parameters in
studies to optimize micronized grinding is the
assistance to grinding. For this reason, although the
milled material has hydrophobic properties, it was
desired to observe whether the grinding aid has an
effect on the micronized grinding of the talc ore
studied. Due to its harmless and water-soluble
properties, poly-acrylic acid (CH2CHCOOH) was
used as a grinding aid chemical in this study. The
test conditions are given in Table 2. As a result of
the experiment, Figure 10 was obtained. According
to these results, it has been seen that the grinding aid
does not have a function in talc grinding.

The grinding time is a critical parameter in fine
grinding because of pertaining to the residence time
of the material in the mill in conventional ball mills.
The grinding time should be selected and studied
based on the size of the product to be taken more.
The operating conditions given in Table 2 were used
in the study of this parameter. In this context, the
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grinding time was studied as 15, 20, 25 and 30
minutes, respectively. The results given in Figure
11 were reached. According to this, the best
grinding time was determined as 30 minutes. In this
result, almost all of the material, which is the
purpose of grinding talc in the ball mill, is intended
to pass through a 106-micron sieve. After 30
minutes of grinding, approximately 100% of the
material passed through the said sieve size.

55

50

45

40

Passing ratio of 106 pm sieve (%)

35

50 60 70 80 90
Mill speed (% of N,)

Figure 6. Passing ratios of 106-micron sieve of
products obtained in different mill speed
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Figure 7. Passing ratios of 106 pum sieve of

products obtained in different ball filling
ratios
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Figure 9. Passing ratios of 106 pm sieve of

products obtained in different talc filling
ratio
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Figure 10. Passing ratios of 106 pm sieve of
products obtained in different grinding
aid ratio
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Figure 11. Passing ratios of 106 pum sieve of

products obtained in different grinding
time

Fine sizes (<100 pm) product obtained at
conventional ball mill product was used in the
stirred mill. Figure 12 shows cumulative undersize
of the fine material. The product had dse=17.92 pm
and dgp=93.52 um particle sizes. The powder was
then ground in a laboratory dry stirred mill under
the conditions specified in Table 3.
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The dso value, which is defined as the medium size
of industrial raw material products ground to very
fine sizes, is very important. The results are
provided in Figure 13a and b based on the
cumulative undersize and dso values for various
specified grinding times (5, 10, 15, 20, 30 and 60
min), respectively. In micronized grinding
processes, the concept of dso (median particle size)
is commonly used in the evaluation of product
fineness. In this study, after 60 minutes grinding
time of the fine talc product in the vertical stirred
ball mill, the product with a dso value of 1.85 pm
microns was reached.

It is necessary to know the total surface areas of the
filler minerals used in industrial used. In this study,
the total surface area values of ground six talc
products are given in Figure 14a. These results were
obtained from the Sympatec particle size
distribution measuring instrument. Naturally, the
highest surface area (14058 cm2/g) was reached
after 60 minutes of grinding. The PSD values of the
products milled at different times in the vertical mill
are presented in Figure 14b. Table 4 shows some
specific particle size, SF, and span values of feed
material and final products. The PSD of the talc
powder at 60 min grinding time was very narrow
(span 2.62), with average particle size of 1.85 pum,
while more than 90% of particles were less than
5.53 pm.

After crushing process, a flowsheet was developed
that can be used in grinding of talc ore to micronize
sizes (Figure 15). As can be seen from the figure, a
ball mill was used in the primary grinding unit, and
its product was fed to the vertical stirred mill to
obtain very fine talc ore.

Filo et. al., (1994) [32] studied the grinding of talc
ore using tumbling and planetary ball mills. They
observed that size reduction of talc samples was
observed to predominate in grinding using a
moderate energy type tumbling ball mill and the
resultant fine particles of ground talc were found to
agglomerate with increasing grinding time.
Elbendaria et al. (2013) [33] studied wet grinding of
talc with a wvertical attritor mill and after
optimization, they achieved a product size of 12 pm
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and 3.8 pum, as dgo and dso values, after grinding for
180 minutes. Katirciglu Bayel [34] worked about
modeling and optimization of some grinding
parameters on dry grinding in stirred media mill
using talc ore. According to the study resuls, the
optimal conditions for maximizing the breakage
rate were obtained at 599 rpm for the mixer speed,
0.07 for the solids ratio, 65.58% for the ball fill
ratio, and maximum ball size distribution.

Table 3. Stirred mill grinding conditions

Parameters Variables
Mill type Stirred
Mill capacity 3000 ml
Mill material Polythene

Shaft material

Stainless steel

Material of balls Alumina

Ball density 3.65 g/cm?®

Diameter of the balls 1-3mm

Ball mass per milling run 4500 gr

Ball to powder ratio run 9:1

Sample mass 500 gr

Rotation 750 rpm

Grinding time 5,10,15,20,30,60 min.
100

[ee]
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Figure 12. Particle size distribution of the feed

powder of stirred mill

690

100

80

60

40

Cumulative undersize (%)

20

0"llllllllllllllllllllll
0 5 10 15 20 25

Particle size (um)

@

35

dso (um)

1,5 T T T T T T T T T T T
5 10 15 20 30 60

Grinding time (minute)

(b)
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Table 4.Some width of PSD values of feed material
and products

Grinding
time SF
(min) (dso/d20) | doo/d1o dgo/d2o [(doo-d10)/ds0)]
Feed 417 | 3435 | 1419 | 452
powder
5 1.74 12.23 4,50 3.67
10 2.03 10.23 4,50 3.10
15 1.94 8.75 4.05 2.67
20 1.95 8.47 4.00 2.61
30 1.97 8.04 3.74 2.63
60 1.76 7.68 3.52 2.60
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Figure 15. Recomrﬁerided ultra-fine  grinding
processing flowsheet of talc ore

4. CONCLUSION

A laboratory scale ball mill+stirred mill
combination was used for ultrafine grinding of talc
ore. The experiments were carried out firstly,
followed by a stirred mill study at the optimum
conditions obtained from ball mill.

= The best results obtained at optimum conditions
in the ball mill experiments are as follows: 90%
of N¢ for mill speed, 0.40 for ball filling ratio,
30-30-20-20 for ball size distribution (10-20-30-
40 mm), 0.10 for powder filling ratio (f¢), 0 g/t
grinding aid ratio and 30 minute for grinding
time. A product was obtained with average
particle size (dso) of 17.92 pm.

The fine product was subjected to a regrinding
process by a stirred mill. The PSD of the talc
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powder at 60 min. grinding time was very
narrow (SF=1.76, span=2.60), with ds=1.85
pm.
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Abstract

The objective of this research is to determine the effects of weft yarn count, weft density and repeated
laundering effects on terry fabric preference of Japanese participants and to compare with the preferences
of Turkish participants. In addition, the terry fabric samples are evaluated by Japanese panelists in order to
determine the importance of characteristics related to preference. Terry samples woven with nine different
constructions are subjected to 5, 10, 20 and 40 washing cycles in a household washing machine before
subjective evaluations. The subjective evaluations are performed in two steps with a total of 40 Japanese
volunteers consisting 20 men and 20 women at the ages of 18-25 years. Both Japanese and Turkish
participants preferred terry fabric samples woven with finer weft yarns at a higher rate. The preference rate
for terry fabrics decreased with increasing washings cycles among the participants of both countries. In
addition, the most important characteristics related to preference of Japanese participants has been revealed.

Keywords: Terry fabric, Subjective evaluation, Softness, Laundering

Tekrarh Yikamalarin ve Yapisal Parametrelerin Japon Tiiketicilerin Havlu
Kumas Tercihine Etkisi ve Tiirk Tiiketicilerle Karsilastirilmasi
Oz
Bu calismada atki ipligi numarast, atki sikligt ve tekrarli yikamalarin Japon katilimeilarin havlu kumas
tercihi iizerindeki etkileri arastirilmis, elde edilen sonuglar Tiirk katilimcilarin tercihleri ile
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karsilastirilmistir. Ayrica Japon katilimeilar ile yapilan ikinci agsama degerlendirmelerde, tercihi etkileyen
ozelliklerin 6nem dereceleri aragtirllmistir. Bu amagla, ii¢ farkli kalinlikta atki iplikleri ile {i¢ farkli atki
sikliginda dokuz farkli yaprya sahip havlu kumag numuneleri iiretilmistir. 18-25 yas aras1 20 erkek ve 20
kadm olmak {iizere toplam 40 Japon goniillii ile iki asamada gerceklestirilen subjektif degerlendirmeler
oncesinde havlu kumaslara ev tipi ¢camasir makinesinde 5, 10, 20 ve 40 kez tekrarli yikama yapilmistir.
Calisma sonucunda Japon ve Tiirk katilimcilarin, daha ince atki iplikleri ile dokunan havlu kumaglart daha
yiiksek oranda tercih ettigi ve yikama sayisi arttik¢a, her iki tilke katilimcilarinin tercih oraninin azaldigi
goriilmiistiir. Ayrica Japon katilimcilarin tercihi etkileyen 6zelliklerin 6nem dereceleri ortaya konulmustur.

Anahtar Kelimeler: Havlu kumas, Subjektif degerlendirme, Yumusaklik, Yikama

1. INTRODUCTION

Terrycloth, believed to have come into our lives
through faulty weaving, is now one of the most
widely used home textiles around the World [1]. It
is an indispensable material for bath and beach
products such as towels and bathrobes with its
excellent water absorption capacity [2]. Although
traditionally made from yarns of 100% cotton
fibers, in recent years it is also made from
regenerated cellulose fibers such as viscose, modal,
bamboo or blended yarns with synthetic fibers such
as polyester/micropolyester, depending on the
application [3].

A look at the global market statistics for terry
products for 2019 shows that China is the world's
leading exporter of towel products, with a market
share of 41.6%. Pakistan, India, Turkey and
Vietnam follow China with market share of 12.5%,
11.2%, 6% and 3.2% respectively, and the total
exports of these five countries account for 70% of
global exports. Global import statistics show that
the U.S. is the world's largest importer of toweling
materials, accounting for 32.2% of total imports. It
is followed by Japan (8%), Germany (6.1%), France
(4.7%), the United Kingdom (4.5%), the
Netherlands (2.7%), Italy (2.5%) and Spain (2.4%)
[4].

The basic parameters that determine the quality of
terry products are the weight of the fabric,
softness/hand feel, orientation of the pile, amount of
lint, absorbency and dimensional stability.
Absorbency is one of the most important parameters
for terry fabrics. Softness/hand feel, one of the
defining characteristics of terry quality, is directly
related to the type of raw material used for the pile
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yarn, pile orientation and finishing processes, such
as the use of softeners. The strength of terry fabrics
and the change in physical and structural properties
of terry products after the washing process are
considered to be other important parameters
affecting the quality of terry fabrics [2,4,5].

In contrast to these objective evaluations that
determine the quality of terry cloth, consumers in
retail stores usually make a subjective decision by
looking at and touching the appearance of the
product. For this reason, there are many studies in
the literature that aim to establish a correlation
between the objective and subjective evaluation of
textile products [2,5-7]. For cases where an
objective evaluation of the quality of textile
surfaces is not possible, subjective evaluation
methods have been developed that come closest to
an objective evaluation. The evaluation is done by
touching, squeezing and rubbing to analyze the
fabric quality by experts in the field [8-10]. When
one wishes to test the softness of textile surfaces
using an objective method, the softness of the fabric
is usually obtained by determining its stiffness. This
is possible with measurements made with a bending
rigidity tester or a stiffness tester [11-13]. However,
subjective evaluation of softness is done by
touching the fabric and manipulating it with a finger
[11-14].

Terry fabrics are textile materials that, like all
products of daily use, get dirty and need to be
washed frequently. These washing processes can
sometimes cause changes, such as deformation of
the surface of the fabric, increase in hairiness,
decrease in thickness, decrease in weight,
hardening, decrease in air permeability, decrease in
water absorption, fading of color, etc. For this
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reason, physical and structural changes in the fabric
structure as a result of washing processes also have
a very strong influence on the quality of terry
products [15-19]. There are also studies show that
different geographies, different climates and
different cultures can have an impact on the results
of subjective assessments [20].

As a part of the previous study the effects of weft
yarn count, weft density and repeated laundering on
the predictability of terry fabrics for both
purchasing and servicing are evaluated. In
subjective evaluations, the fabrics are assessed by
Turkish participants and the statistical relationship
between subjective and objective evaluations are
investigated [2]. In the present study subjective
evaluations are carried out to determine the effects
of weft yarn count, weft density and repeated
laundering effects on the terry fabric preference of
Japanese participants. However the effects of target
market’s cultural background on consumer
behaviour and preferences should also be taken into
account. The important feature of this study was to
investigate and compare the effects of the repeated
laundering and structural parameters on the terry
preference of the consumers of different countries.
Therefore, the results are compared with the results
obtained in the previous study by the subjective
assessments conducted with Turkish participants.
By this way, it is aimed to investigate and compare
the effects of the repeated laundering and structural
parameters on the towel preference of the
consumers of two different countries and to
determine whether the subjective responses would
be in correlation with each other. In addition, the
terry fabric samples are evaluated by Japanese
panelists to determine the importance of
characteristics related to preference, considering
requested properties such as heaviness, thickness,
softness, moisture feeling, length of pile, type of
fabric, shininess, hand-feel, roughness and warmth.

2. EXPERIMENTAL

100% carded ring-spun cotton Ne 12/1, Ne 16/1 and
Ne 20/1 weft yarns spun from the same cotton blend
were used. In the warp direction, 100% carded ring-
spun cotton Ne 20/2 ground warp and Ne 16/1 pile
warp were used. To investigate the effects of
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parameters such as weft yarn count, weft density
and repeated laundering on the subjective ratings of
terry fabrics, a total of 9 terry fabrics were woven
with three different weft densities as given in Table
1. Bleaching, dyeing and washing processes are
applied to terry fabrics in the same bath in order to
produce comparable samples. The dyed fabrics
were subjected to 5, 10, 20, and 40 washing cycles
before  subjective  evaluations.  Laundering
operations performed in a domestic washing
machine at 40 °C together with commercial
detergents and fabric softeners readily available and
commonly used in the market, as performed in daily
life. Terry fabrics were dried by laying on a flat
surface for 24 hours after each washing cycle. Terry
fabrics were cut into dimensions of 10x10 c¢cm to be
used in subjective evalutions.

Before conducting the subjective assessments, terry
samples were conditioned for a minimum of 24
hours under standard atmospheric conditions
(20 «+ 2 °C temperature, 65 + 2% relative humidity)
and assessments were completely performed under
these conditions. A total of 40 volunteers consisting
20 men and 20 women at the age of 18-25 years
from Japan participated in the survey as panelists.
The participants were informed about the aim of the
research and the properties like fiber content,
construction and finishing method. Subjective
assessment was performed in two steps.

In the first step of the subjective evaluations, each
of the unwashed fabric samples were randomly
compared in pairs with other fabric samples. The
structures of the fabrics were not explained to the
participants. Each panelist performed the subjective
assessment by holding the sample pairs with hands.
The fabric samples were evaluated by handling,
rubbing and squeezing them with hands for about 1-
2 minutes and comparing the two samples with each
other in terms of primary handle impressions and
appearance. After each evaluation the participants
made a decision and choosen one of the samples as
preferred (Figure 1). By this way all fabric samples
were compared with each other. To determine the
effect of laundering on panelists' preference, all 45
types of unwashed and washed samples were
evaluated by panelists by handling, rubbing and
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squeezing and rated as preferred or not preferred in

feel”, “roughness” and “warmth feel” for each

terms of primary handle impressions and fabric sample.
appearance. In addition, the results of the first stage
are compared with the results of the subjective ~The experimental results have statistically

assessment conducted with Turkish participants in
the previous study.

In the second part of the evaluation, all fabric
samples (9 unwashed, 9 five times washed, 9 ten
times washed, 9 twenty times washed, 9 forty times
washed) were presented to Japanese participants
randomly one by one and the panelists were
requested to make a choice according to given

evaluated by using SPSS software. Firstly the
normality of experimental data obtained in the first
step are tested with Shapiro-Wilk test. Independent
sample t-test was used to determine whether 2 group
variances can be assumed equal or not. Correlation
analysis was carried out to determine the statistical
relationship between the evaluation results of
Turkish participants and Japanese participants. The
preference counts of terry fabric samples in the first

properties such as “heaviness”, ‘“thickness”, step of the survey and the requested properties
“softness”, “moisture feeling”, “length of pile of evaluated in the second step are also statistically
terry fabrics”, “type of fabric”, “shininess”, “hand-  evaluated by correlation analysis.
Table 1. Structural properties of terry fabric samples [2]
Sample Numbers

1 2 3 4 5 6 7 8 9
Linear Densities of Weft Ne) | 12/1 | 16/1 | 20/1 | 12/1 | 16/1 | 20/1 | 12/1 | 16/1 | 20/1
Density of Weft (weft/cm) 22 21.6 | 21.2 20 20 202 | 172 | 176 | 17.2
Mass per Unit Area (gr/m2) 449 445 468 458 471 448 431 446 432

/
L

Figure 1. 'Subje’ctive evaluation is performed in the light cabin under D65 daylight

3. RESULTS AND DISCUSSIONS
3.1. Subjective Evaluation Results “First Step”

In the first step of the subjective evaluation, all the
9 unwashed fabric samples that are in different
constructions compared with other fabric samples
randomly with participation of 20 Japanese men and
20 Japanese women at the age of 18-25. In our
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previous work, the first step of the subjective
evaluation had been performed exactly under the
same conditions to only the Turkish participants
consisting of 20 men and 20 women between the
ages of 18-45. The results of the fabric ratings of
unwashed fabrics and comparison of Turkish and
Japanese consumers’ preferences are given in Table
2. Preference count expresses the total number of
the preference of terry fabric samples, in other
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words how many times the fabric sample preferred
when compared with any other. Then a whole
comparison of all 45 types of samples consisting of
unwashed and washed samples was made by
panelists. It is obvious that, the weaving
construction of terry fabrics is effective on the
preferences of both Turkish and Japanese panelists.
Among the ratings of Turkish panelists, the terry
fabric that is woven with Ne 20/1 weft yarn and 17,2
weft/cm weft density was the most preferred one
with a rating count of 223. However, among the
ratings of Japanese panelists the terry fabric that is
woven with Ne 20/1 weft yarn and 20,2 weft/cm
weft density was the most preferred one with a
rating count of 241. Moreover, both Japanese
participants and Turkish participants preferred terry
fabric samples woven with finer weft yarns at a
higher rate.

The preferences of Turkish and Japanese panelists
comparing with fabric constructions and repeated
laundering cycles are given in Table 3. According
to results, it can be said that Japanese and Turkish
panelists made similar preferences when repeated
laundering cycles and fabric constructions were
considered. According to the ratings of both
Turkish and Japanese participants, the preference of
terry fabrics decreases with more washing cycles.

The experimental results are also statistically
evaluated by using SPSS software. In the statistical
analysis, the Shapiro-Wilk test was applied to
determine whether the experimental data fit a
normal distribution. As shown in Table 4, Shapiro-
Wilk test confirm that the experimental data are
normally distributed under 95 % confidence level.

Table 2. The preference counts of terry fabric samples in the first step of the survey

Sample Nnumbers
1 | 2 [ 3] 4] 5] 6] 7] 87109
The preference count of the samples

Turkish men participants 21 58 80 61 93 102 79 106 | 110
Turkish women participants 8 64 96 60 95 102 83 109 | 113
Turkish whole participants 29 122 | 176 | 121 188 | 204 | 162 | 215 | 223
Japanese men participants 20 92 120 48 95 125 58 71 91
Japanese women participants 23 82 119 54 97 116 65 71 93
Japanese whole participants 43 174 | 239 | 102 | 192 | 241 123 | 142 | 184

Table 3. The preference counts of terry fabric samples comparing with fabric constructions and repeated

laundering cycles

Repeated Sample numbers

laundering Nationality 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9
cycles The preference count of the samples
Unwashed Turkish 25 35 36 31 33 34 29 33 35
Japanese 29 37 33 31 36 36 30 35 36
5 times Turkish 10 21 32 11 23 26 16 28 27
Japanese 27 30 29 26 20 20 18 26 33
10 times Turkish 7 20 20 13 17 24 13 19 20
Japanese 7 13 18 9 17 21 8 16 33
20 times Turkish 4 10 21 9 12 20 7 17 14
Japanese 9 10 15 7 10 20 10 15 23
40 times Turkish 4 12 11 3 4 15 4 6 13
Japanese 2 12 7 3 3 12 12 10 22
C.U. Miih. Fak. Dergisi, 38(3), Evliil 2023 699
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Table 4. Tests of normality (Shapiro-Wilk test)

Nationality | Treatment type Statistic df Sig.
Unwashed ,884 9 174
5 washing cycles ,933 9 ,507
Turkish 10 washing cycles 918 9 ,375
20 washing cycles ,964 9 ,834
40 washing cycles ,850 9 ,075
Unwashed ,874 9 ,135
5 washing cycles ,935 9 ,528
Japanese 10 washing cycles ,902 9 ,261
20 washing cycles ,887 9 ,184
40 washing cycles ,894 9 217

Independent sample t-test was used to determine
whether the evaluation results of Turkish whole
participants and Japanese whole participants agree
about the preference of terry fabrics. The results of
independent samples t-test are given in Table 5. As
seen in Table 5, the p-value (sig.) is above 0,05
which indicates that the preference of Turkish and
Japanese participants are not significantly different.
Correlation analysis was also carried out to
determine the statistical relationship among the

Table 5. Independent samples t-test

evaluation results of Turkish whole participants and
Japanese whole participants and the results are
given in Table 6. According to the correlation
analysis, the preference of Turkish whole
participants has a positive correlation (r = 0,860)
between the preference of Japanese whole
participants. As washing cycles increased,
preference of both Turkish and Japanese
participants decreased.

Levene's test for
equality of
variances t-test for equality of means
95% confidence
interval of the
Sig. Mean Std. error difference

F Sig. t df (2-tailed) | difference | difference | Lower | Upper
[Equal variances ,401 ,528 | -,534 88 ,595 -1,15556 2,16408 | -5,45622|3,14510
assumed
IEqual variances -,534 | 87,688 ,595 -1,15556 2,16408 | -5,45643 |3,14532
not assumed

Table 6.The correlation between the evaluation
results of Turkish whole participants and
Japanese whole participants

Japanese
Turkish IPearson correlation ,860**
Sig. (2-tailed) ,000
N 45

**Correlation is significant at the 0.01 level (2-tailed).

3.2.
Step”

Subjective Evaluation Results “Second

The second part of the subjective evaluation, is only
applied to Japanese panelists. All the terry fabric
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samples are evaluated by considering requested
properties such as heaviness, thickness, softness,
moisture feeling, length of pile, type of fabric,
shininess, hand-feel, roughness and warmth. The
evaluation results are given in Table 7. When the
second part of subjective evaluation is examined, it
is observed that fabric construction and increased
repeated laundering cycles have influence on the
subjective evaluation of the all terry fabric samples.

The correlations between the preference counts of
terry fabric samples by Japanese participants and
rating results of Japanese participants by
considering requested properties are presented in

C. U. Miih. Fak. Dergisi, 38(3), Eyliil 2023
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Table 8. When the pearson correlation coefficient
approach to +1 or -1, it means that there is positive
or negative strong relationship between data.

As seen in Table 8, softness, moisture feeling, type
of fabric, shininess, hand-feel, roughness and
warmth feel are the most significant properties for
fabric hand. Also thickness and length of pile of
terry fabrics but the influence isn’t so significant.
According to the correlation analysis, the
preference of Japanese whole participants has
positive correlation between soft ratings (r=0,907),

wet ratings (r=0,898), natural ratings (r=0,871),
shiny ratings (r=0,807), good feel ratings (1=0,948),
smooth ratings (r=0,930) and warm ratings
(r=0,897). Whereas the preference of Japanese
whole participants has negative correlation between
hard ratings (r=-0,907), dry ratings (r=-0,898),
unnatural ratings (r =- 0,871), non shiny ratings
(r=-0,807), bad feel ratings (r=-0,948), rough
ratings (r=-0,930) and cold ratings (r=-0,897).
Heaviness did not have a significant effect on the
preference of Japanese whole participants.

Table 7. Rating results of Japanese participants by considering requested properties

Laundering Compared Sample Numbers
Cycles Properties 1 2 4 5 6 7 8 9
Heavy / Light 12/28 | 16/24 | 13/27 | 9/31 | 1327 | 19/21 | 12/28 | 12/28 | 6/34
Thick / Thin 17/23 1 30/10 | 27/13 | 18/22| 33/7 | 33/7 | 23717 | 21/19 | 22/18
Soft / Hard 26/14 | 38/2 | 38/2 | 35/5 | 38/2 | 40/0 | 31/9 | 39/1 | 36/4
Wet/ Dry 14/26 | 29/11 | 29/11 | 19/21 | 30/10 | 28/12 | 23/17 | 33/7 | 31/9
Short pile length /
Unwashed Long Pile Length 35/5 | 18/22 | 12/28 | 27/13 | 12/28 | 8/32 | 17/23 | 7/33 | 8/32
Natural / Unnatural | 32/8 | 36/4 | 34/6 | 31/9 | 35/5 | 35/5 | 27/13|29/11 | 34/6
Shiny / Non Shiny 16/24 | 18/22 | 19721 | 15/25 | 23/17 | 19/21 | 13/27 | 21/19 | 24/16
Bad feel / Good Feel | 11/29 | 2/38 | 6/34 | 9/31 | 1/39 | 3/37 | 9/31 | 2/38 | 5/35
Rough / Smooth 16/24 | 3/37 | 4/36 | 11/29| 4/36 | 5/35 | 11/29 | 6/34 | 3/37
Warm / Cold 22/18 | 34/6 | 30/10 | 27/13 | 33/7 | 35/5 |28/12 | 28/12 | 32/8
Heavy / Light 8/32 | 12/28 | 15725 [ 10/30 | 19721 | 18/22 | 6/34 [ 18/22| 7/33
Thick / Thin 9/31 | 15/25 | 25/15 | 14/26 | 29/11 | 24/16 | 12728 | 23717 | 14/26
Soft / Hard 6/34 | 28712 33/7 | 8/32 | 27713 | 26/14 | 20720 | 24/16 | 34/6
Wet / Dry 4/36 | 17/23 | 22/18 | 5/35 | 16/24 | 19/21 | 9/31 | 16/24 | 30/10
5 washing iﬁ‘;‘;g‘f{;f‘;ﬁg&f 38/2 | 34/6 | 19/21 | 31/9 | 19/21 | 15/25 | 26/14 | 10/30 | 7/33
cycles Natural / Unnatural | 16/24 | 28/12 | 26/14 | 24/16 [ 21719 | 21/19 | 18/22 [ 28712 | 27/ 13
Shiny /Non Shiny | 9/31 [ 20/20 | 14/26 | 9/31 | 16/24 | 13/27 | 15/25 | 14726 | 19/21
Bad feel / Good Feel | 28/12 | 8/32 | 8/32 [25/15| 21/19 [ 19/21 | 22718 [ 13/27 | 6/34
Rough / Smooth 33/7 [ 11/29 | 13727 | 3476 | 25/15 | 24/16 | 29/11 | 19721 | 8/32
Warm / Cold 12/28 | 24716 | 26/14 [ 19721 | 23717 | 24716 | 19721 | 29/11 | 30710
Heavy / Light 8/32 | 14/26 | 17/23 | 9/31 | 16/24 | 15/25 | 11/29 | 20720 | 18/22
Thick / Thin 9/31 | 18/22 ] 25/15 [ 14726 | 24716 | 25/15 | 17/23 [ 28712 | 28/ 12
Soft / Hard 2/38 | 11/29 | 18722 | 8732 | 15725 | 24/16 | 13727 | 26714 | 36/4
Wet / Dry 1/39 | 6/34 | 9/31 | 3/37 | 12728 | 15/25| 7/33 | 11/29 | 25/15
10 washing i%?lrgtgilleelf:f;h/ 40/0 | 30/10 | 24/16 | 31/9 | 20/20 | 7/33 | 23/17 | 7/33 | 4/36
cycles Natural / Unnatural | 10/30 | 25/15 | 20/20 | 18/22 | 22718 | 21/19 | 18/22 [ 15/25 | 32/8
Shiny /Non Shiny | 10/30 | 11/29 | 14/16 | 10/30 | 13/27 | 12/28 | 9/31 | 12/28 | 19/21
Bad feel / Good Feel | 35/5 | 24/6 | 21/19 [30/10 | 27/13 | 22/18 | 30/10 | 21/19 | 4/36
Rough / Smooth 39/1 | 3278 | 29/11 | 3872 | 28712 | 27/13 | 35/5 | 27/13 | 7/33
Warm / Cold 10/30 | 14/26 | 22/18 | 14726 | 15725 | 22718 [ 13727 | 25/15 | 3476
C.U. Miih. Fak. Dergisi, 38(3), Evliil 2023 701
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Heavy / Light 8/32 [ 13727 | 13727 [ 117290 | 15/25 [ 14726 | 9/31 | 19/21 ] 7/33

Thick / Thin 6/34 | 19/21 | 17/23 | 15/25 | 20/20 | 26/14 | 16724 | 23/17 | 17/23

Soft / Hard 1/39 | 6/34 | 18/22 | 2738 | 7/33 [20/20 8/32 | 12/28 [ 28/12

Wet / Dry 1/39 | 7/33 | 9/31 | 1/39 | 7733 [11/29| 7/33 | 10/30 [ 23/17

20 washing iﬁiﬁgﬁifﬁg&f 40/0 | 32/8 | 21/19 | 35/5 | 23/17 | 17/23 | 23/17 | 12/28 | 8/32
cycles Natural / Unnatural | 13/27 | 23/17 | 18722 | 17/23 | 15/25 | 19/21 | 16/24 | 13/27 | 18/22
Shiny /Non Shiny | 8/32 | 9/31 | 11/29 | 12/28 | 10/30 | 10/30 | 6/34 | 10/30 | 15/25

Bad feel / Good Feel | 37/3 | 25/15 | 25/15 | 33/7 | 32/8 |24/16 | 34/6 | 26/14 | 14/26

Rough / Smooth 40/0 |29/11 ] 29711 | 35/5 | 35/5 |24/16 | 3476 | 32/8 | 15/25

Warm / Cold 4/36 | 16/24 | 19721 | 7/33 | 16/24 | 27/13 | 13727 | 20720 | 24716

Heavy / Light 6/34 [ 10/30 | 9/31 | 11/29 | 13/27 | 16/24 | 5/35 | 10/30 | 15/25

Thick / Thin 5/35 | 12/28 | 15/25 | 10730 | 14726 | 24/16 | 6/34 | 18/22 ] 21/19

Soft / Hard 0/40 | 8/32 | 1/39 | 1/39 | 3/37 [10/30] 9/31 | 8/32 | 25/15

Wet / Dry 1/39 | 4/36 | 1/39 | 0/40 | 2738 | 8/32 | 4736 | 3737 [ 19721

40 washing iﬁiﬁgﬁifﬁg&f 39/1 | 34/6 | 25/15 | 33/7 | 20/20 | 12/28 | 27/13 | 16/24 | 14/26
cycles Natural / Unnatural | 15/25 | 19/21 | 17/23 | 11/29 | 7/33 | 11/29 | 22718 | 13727 | 27/13
Shiny /Non Shiny | 12/28 | 13/27 | 8/32 [ 10/30 | 6/34 | 12/28 | 10/30 | 12/28 | 16/24

Bad feel / Good Feel | 38/2 | 28/12 | 33/7 | 37/3 | 34/6 | 31/9 [29/11 | 30/10 ] 15/25

Rough / Smooth 38/2 | 32/8 | 36/4 | 39/1 | 39/1 | 34/6 | 34/6 | 31/9 |21/19

Warm / Cold 3/37 | 9/31 | 11/29 | 5/35 | 7/33 [ 17/23 | 14/26 | 15/25 | 24716

Table 8. The correlation between requested properties and preference

IRequested properties Preference Requested properties Preference
Pearson Correlation ,196% | Pearson Correlation -,196%*
Heavy Sig. (2-tailed) To7 | Heht Sig. (2-tailed) 197
. Pearson Correlation 5657 Pearson Correlation -,565™
Thick Sig. (2-tailed) 000 | Thin Sig. (2-tailed) 000
Pearson Correlation 907" Pearson Correlation -,907"
Soft Sig. (2-tailed) 00 | Hard Sig. (2-tailed) 000
Pearson Correlation ,898" Pearson Correlation -,898™

Wet : - Dry : :
Sig. (2-tailed) ,000 Sig. (2-tailed) ,000
) Pearson Correlation =511 | Long Pile Pearson Correlation 511
Short Pile Length g5 = atled) ,000 Length Sig. (2-tailed) ,000
Pearson Correlation 871 Pearson Correlation 871"
Natural Sig. (2-tailed) 000 | Unnatural Sig. (2-tailed) 1000
) Pearson Correlation ,807"" | Non Pearson Correlation -,807"
Shiny Sig. (2-tailed) ,000 | Shiny Sig. (2-tailed) ,000
Pearson Correlation -,948™ | Good Pearson Correlation ,948"
Bad Feel Sig. (2-tailed) 2000 | Feel Sig. (2-tailed) 000
Pearson Correlation -,930™ Pearson Correlation ,930™
Rough Sig. (2-tailed) 000 | Smeoth Sig. (2-tailed) ,000
Pearson Correlation ,897" Pearson Correlation -,897"
Warm Sig. (2-tailed) 000 <°ld Sig. (2-tailed) ,000

**Correlation is significant at the 0.01 level (2-tailed) and *Correlation is significant at the 0.05 level (2-tailed).
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4. CONCLUSION

This study assessed the effect of structural
parameters of terry fabrics such as weft yarn count
and weft density on the sensorial preferences of
Japanese participants. The results are compared
with the results obtained in the previous study
which conducted with Turkish participants. Both
Japanese and Turkish participants preferred terry
fabric samples woven with finer weft yarns at a
higher rate among the terry fabrics with close
weights. In daily use terry fabrics are one of the
frequently washed home textile products. It is well
known that the physical and structural properties of
textile products can change after repeated washing.
These changes can affect customer satisfaction with
the product. For this reason, this study has also
evaluated the change of preference of Japanese
participants on terry fabrics after repeated washings
with household detergent and fabric softener. When
the data from Japanese participants were compared
with the data from Turkish participants, it was
found that the preference rate for terry fabrics
decreased with increasing number of washings
among the participants of both countries. According
to the results of the second step of the study,
conducted with Japanese participants, it was found
that softness, moisture feel, fabric type, shininess,
hand feel, roughness and warmth are the most
important characteristics for the hand of the fabric.
The presented assessment can be helpful in
designing new assortments of preliminarily
accepted structural properties, on the basis of the
importance of characteristics related to preference
of terry woven fabrics.
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Oz

Sitrik asit (CsHsO7) tekstil ylizeyleri i¢in ¢apraz baglayici olarak kullanilabilen ¢evre dostu, insan sagligina
zarar1 olmayan, maliyeti diigiik bir tiir karboksilik asittir. Titanyum dioksit (TiO,) nanoparcaciklar (NP) ise
genis yiizey alani ile uygulandigi {iriine kendi kendini temizleyebilme, UV bloklama, vs gibi birgok
fonksiyonel 6zellik kazandirabilen beyaz renkte pigmenttir. Sitrik asitin kumaslarda burusmazlik 6zelligini
arttirmasi gibi fayda sagladigi 6nceki ¢aligmalarda goriilmiistiir ancak bu kimyasalin tekstil yiizeylerine
uygulanmasi sonucunda {iirlinii sarartma gibi bir dezavantaji bulunmaktadir. Bu ¢aligmada renksiz yiinli
kumaslar i¢in TiO, NP siispansiyonlar1 hazirlanmig ve farkli konsantrasyonlarda sitrik asitle karistirilmistir.
Emdirme-kurutma-termofiksaj yontemi ile kumaslara aplike edilmistir. Taramali elektron mikroskobu
(SEM) analizi ile TiO, siispansiyonu katkili sitrik asitin lif yiizeyini degistirdigi tespit edilmistir. Sitrik
asitle ylinlii numunelerde sararma goriilmiis ancak ¢ozeltilere TiO» NP ilave edildiginde numunelerdeki
sararma oldukca azalmigtir. 15 gr/L sitrik asitle iglem goren yiinlii numunelerin hem atki hem ¢6zgii
yoniinde katlanma agis1 4° arttirilabilmistir, bu konsantrasyonda sitrik asit ¢ozeltisine ilave edilen TiO> NP
ile numunelerin katlanma agis1 diismiis ancak islem gérmemis numuneye gore yiiksek ¢ikmistir.

Anahtar Kelimeler: Yiinlii kumas, Titanyum dioksit, Sitrik asit, Katlanma agisi, Sararma

Investigation of the Effect of Citric Acid and TiO2 Nanoparticle Mixtures on
Yellowing and Folding Angle of Wool Fabrics

Abstract

Citric acid (C¢HsO) is a kind of carboxylic acid that can be used as a crosslinker for textile surfaces, is
environmentally friendly, is not harmful to human health, and has a low cost. Titanium dioxide (TiO>)
nanoparticles, on the other hand, are white pigments that can provide many functional properties such as
self-cleaning, UV blocking, etc. to the product on which it is applied with a large surface area. It has been
seen in previous studies that citric acid provides benefits such as increasing the anti-crease properties of
fabrics, but it also has a disadvantage such as yellowing the product as a result of applying this chemical to
textile surfaces. In this study, suspensions of TiO> NP (nanoparticle) were prepared for colorless woolen
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fabrics and mixed with citric acid at different concentrations. It was applied to woolen fabrics with the Pad-
dry-cure method. By scanning electron microscopy (SEM) analysis, it was determined that citric acid doped
with TiO» suspension changed the fiber surface. Yellowing was observed in the woolen samples with citric
acid, but when TiO, NP was added to the solutions, the yellowing in the samples was considerably reduced.
The folding angle of woolen samples treated with 15 gr/L citric acid could be increased by 4°, with TiO;
NP added to the citric acid solution at this concentration, the folding angle of the samples decreased but

was higher than the untreated sample.

Keywords: Wool fabric, Titanium dioxide, Citric acid, Folding angle, Yellowing

1. GIRIS

Sitrik asit (2-hidroksi-1,2,3-trikarboksilik asit)
ulasilmasi kolay, diisiik maliyetli, gevreye ve insan
sagligina zarar1 olmayan/cok diisiik olan bir poli
karboksilik asittir. Tekstil yiizeyleri ig¢in farkli
katalistlerle birlikte c¢apraz baglayict olarak
kullanilabilmektedir. Ayrica yapilan caligmalarda
sitrik asitin seliilozik kumaslarda boyutsal stabilite
ve kirismaya karst direng sagladigi da tespit
edilmistir [1,2]. Yiinli kumaslar i¢in de karboksilik
asitler capraz baglayici olarak kullanilabilmektedir.
Polikarboksilik asit olan 1,2,3,4-
biitantetrakarboksilik asit (BTCA), sitrik asit ve
poliakrilik asit yiinlii dokuma kumaslara farkli
katalistlerle  birlikte = emdirme-kurutma-fiksaj
yontemi ile aplike edilmistir [3]. Aplikasyon sonra
kiitle degisimi oranlarma goére ii¢ polikarboksilik
asitin de yiinli kumas yapisina baglanabildigi
goriilmiistiir. Bagka bir ¢alismada %100 yiin igerikli
kumaslara sitrik asit yine farkli Kkatalistlerle
uygulanmistir [4]. Bu aplikasyon islemi ile yiinlii
kumaslarin burugmazlik &zelligi %10 oraninda
iyilesmistir. %13 oraninda ise gerilme dayanimi
artmistir.

Sitrik asit, kumaglara aplike edilmesi sonrasinda
malzemeyi sarartma gibi bir dezavantaja sahiptir.
Yapilan bir ¢aligmada sitrik asit uygulanan pamuklu
kumaslarda hidroksil gruplart arttikca kumaslarin
sararma durumunun arttigi ve bu durumun
doymamis polikarboksilik asitlerin olusumundan
kaynaklanmig olabilecegi ileri siiriilmiistir [5].
Bagka bir ¢alismada kumasglarda sitrik asitle beraber
katalist ~gorevi goren sodyum hipofosfit
kullanildiginda sararmanin azaltildig1 goriilmiistiir
[6]. Sitrik asidin pamuklu kumaslar igin capraz
baglayici olarak kullanildigi bagka bir ¢alismada
sararmaya yol acan C=C bag yapisint bozmak i¢in
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agartici hidrojen peroksit (H20») kullanilmistir [7].
Elde edilen sonuglara gore hem sitrik asitle
burusmazlik 6zelligi iyilestirilmis hem de hidrojen
peroksit ile sararmanin Oniine gegilebilmistir.
Titanyum dioksit (TiO») de beyaz bir pigment olup
sitrik ~ asitin ~ sarartma  etkisinin  Oniine
gegebilebilecek bir katalisttir. Titanyum dioksitin
nanoparc¢acik boyutundaki formu genis yiizey
alantyla UV bloklayici, antibakteriyel etkinlik,
fotokatalist gibi birgok 6zelligi saglayabilmektedir

[8].

Montazer ve Pakdel (2010), yiinlii kumaslara sitrik
asit ve degisen konsantrasyonda TiO» ile islem
uygulanmis ve 151k yoluyla kumaslarin sararma
etkisi incelenmistir [9]. Sonuglarda aplikasyon igin
kullanilan TiO, konsantrasyonu arttikca kumagin
UV smlart  etkisiyle sararmast dismiis ve
oksidasyon ile yiin ve karboksilik asit arasindaki
koprii artmig, kumasta sarilik azalmistir. Montazer
ve Morshedi (2014) yaptiklar1 ¢aligmada TiO;’yi
fotokatalist ve agartici olarak kullanmislar ve farkli
konsantrasyon iceren siispansiyonlar hazirlayip
yunli kumaslara %10 sitrik asit c¢ozeltileri ile
birlikte uygulamislardir [10]. Sonuclara gére nano
boyutta TiO>’nin yiinlii kumaslarin  beyazlik
degerini arttirdigini, sitrik asitin yiinlii kumaslarda
TiO, nanopargaciklarinin adsorpsiyonunu
arttirdigini, kumaslarin hidrofilitesinin de artmis
oldugunu tespit etmislerdir. Zare (2022), farkli
konsantrasyonda sitrik asiti capraz baglayici olarak
kullanarak  B-¢iklodekstrin ile birlikte TiO»
nanopargaciklar1 ipek kumaslara aplike etmistir.
Sonuglarda sitrik asit kullaniminin ipek kumaglara
tutunan  TiO, nanopargaciklarin  kaliciligini
arttirdigini, B-¢iklodekstrin kullanmadan sadece
sitrik asit ile yapilan aplikasyonlarda kumaslarin
fotokatalitik ve antibakteriyel aktivite dzelliklerinin
saglanabildigini tespit etmistir [11]. Zare (2023)
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yaptig1 baska bir calismada nano boyutta cinko
oksidin (ZnO) ipekli kumaga tutunmasi igin sitrik
asiti  ve  B-ciklodekstrini  kullanmistir. Bu
nanopargaciklar ile %10 konsantrasyona sahip sitrik
asidin aplike edildigi kumaglarda burusmazlik
Ozelliginin iyilestigi ve kumaglarin beyazliginin
optimum seviyede arttigt tespit edilmistir [12].
Habib ve arkadaglar1 (2022), seliilozik kumaglara 60
g/L sulu sitrik asit ¢ozeltisi kullanarak 6n islem
uygulamiglardir. Daha sonra iirettikleri nano glimiis
pargaciklar1  kumaslara  aplike  etmislerdir.
Uygulanan sitrat isleminin kumasglarin
hidrofilitesini diigiirdigli goriilmiistir [13].

Liu ve arkadaglar1 (2017), ham yiinli kumaslara
capraz baglayici olarak kullanilan sitrik asitle
birlikte TiO, ve SiOx(Silisyum dioksit) jel
karigimlart  uygulamiglardir [14]. Hazirlanan
karigimlarda karboksil gruplart arttik¢a yiin lifleri
ve TiO/Si0; ajanlari arasinda daha fazla oranda
koprii  olustugu  goriilmis.  Numunelerinin
burusmazlik egiliminin arttig1 tespit edilmistir.

Bu calismada ise sitrik asitin farkli konsantrasyonda
sulu ¢ozeltileri hazirlanmis ve nano boyutta TiO»ile
birlikte yiinlii kumaglara aplike edilmistir.
Karisimda artan sitrik asit konsantrasyonunun
TiOz’nin kumasa baglanma etkisini incelemek,
sitrik  asitin sarartma etkisini diisirmek ve
kumaslarin yumusaklik ve katlanma agisina olan
etkisinin analiz edilmesi amaglanmustir.

2. MATERYAL VE METOT

2.1. Materyal

Calisma kapsaminda kullanilan %100 yiin igerikli
on terbiyeden ge¢mis ve boyasiz olan bezayagi
dokulu dokuma kumasin 6zellikleri Cizelge 1°de
sunulmustur. Calismada kullanilan kimyasallar ve

safliklar1 Cizelge 2’de verilmistir.

Cizelge 1. Kumas 6zellikleri

Ozellik Deger
Cozgii ipligi inceligi 63 tex
Atk ipligi inceligi 74 tex
Cozgii iplik siklig 17 tel/cm
Atk iplik siklig1 13 tel/cm
Gramaj 215 g/m?
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Cizelge 2. Caligmada kullanilan kimyasallar ve

safliklar
Kimyasal Saflik
Etanol % 96
Susuz sitrik asit >%99.5
Titanyum dioksit >%99.5
(21 nm, nanotoz)

2.2. Metot

Caligmada oncelikle distile su ile karistirilarak ii¢
farkli konsantrasyonda (5, 10 ve 15 gr/L) sitrik asit
¢ozeltileri hazirlanmistir.  Ayri  bir beherde
stabiliteyi saglayabilmek icin 1:9 hacimsel oranda
etanol:su karigimi igerisine %1 konsantrasyonda
titanyum dioksit nano toz 20 kHz frekansinda
ultrasonik  cihazda (J.P. Selecta) 38°C’de
calistirilarak 20 dk’da siispansiyon hazirlanmistir
[15]. Ardindan Cizelge 3°de bulunan bilgiler
dogrultusunda bir grup sitrik asit ¢ozeltisine
titanyum dioksit siispansiyonu 1:1 hacimsel oranda
eklenerek bir ultrasonik cihaz ile 20 dakika boyunca
islem uygulanmigtir. Hazirlanan karisimlar daha
sonra kiigiik bir tekne igerisine aktarilmistir. Belirli
boyutta kesilen numuneler karisim igeren tekneler
icerisinde 1 dk boyunca bekletilmis ve ardindan
fazla sivi  kumastan uzaklastirilmadan etiiv
icerisinde sirastyla kurutma (100°C) ve 2 dakika
termofiksaj (130°C) islemleri uygulanmistir.
Numuneler ikiser tekrarli olarak hazirlanmaistir.

Cizelge 3. Numunelere uygulanan iglemler

Numune kodu Sitrik asit TiO2 NP

Kontrol - -
N1 5 gr/L -
N2 10 gr/L -
N3 15 gr/L -
N4 5 gr/L %1
N5 10 gr/L %1
N6 15 gr/L %1

Islem géren numunelerin karakterizasyon testi igin
taramali elektron mikroskobu (SEM)
uygulanmistir.  Numunelerin aplikasyon sonrasi
kiitle degisimlerini tespit etmek i¢in dncelikle islem
oncesi numuneler 105 °C’de etiivde (4 saat)
bekletilmis ve kiitleleri (m;) hassas terazi ile
Olciilmiistiir. Aplikasyon sonrasi etiivde bekletme
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sonrasi kiitleleri (my) Olciilmiis ve kaydedilmistir.
Kiitle degisimleri yiizde (%) olarak (1) formiiliine
gore hesaplanmuistir.

Kiitle Degisimi (%)= [(m;-m2) / m;] * 100 @9)]

Numunelerin sarilik derecesini belirlemek igin

Minolta CM 3600 model spektrofotometre
kullamlmistir. Renk analizleri RealColorl.3®
yazilmi ile yapilmis ve ASTM DI1925-70

standardina gore sarilik indeksleri elde edilmistir.
Uygulanan islemlerin numunelerin katlanma agis1
Ol¢imi i¢in BS EN 22313:1992 standardi esas
alimarak atki ve ¢ozgli yonlerinde 6n ylize gore
Olciimler gergeklestirilmistir.

3. BULGULAR VE TARTISMA

3.1. Taramah Elektron Mikroskobu (SEM)
Analizi

Numunelerin taramali elektron mikroskobu (SEM)
ile x5000 biiyiitmeyle elde edilen goriintiileri Sekil
1’de sunulmustur. 15 gr/L sitrik asitle islem goren
ylinlii numunenin (N3) yiizey 6zelliklerinin kontrol
numunesine gore farklilik gostermedigi
goriilmektedir. Sitrik asitle beraber TiO, NP
siispansiyonu aplike edilen numunelerde ise ylizey
morfolojilerinin degistigi ve piirlizli hale geldigi
dikkat gekmektedir. Lif yiizeylerinin lizerine yer yer
tutunan nanoparcaciklar goriilmekte ve bazi
kisimlarda lif c¢apmin kalinlasmig  oldugu
soylenebilmektedir. ~ Goriintillere ~ goére N6
numunesinin lif yiizeyindeki pargacik dagiliminin
N4’e gore daha homojen oldugu, agregasyonun
daha az oldugu tespit edilmistir. 5 gr/L sitrik asitle
islem goéren N4 numunesinin lif ylizeyindeki
pargaciklarin boyutu, 15 gr/L sitrik asitle islem
goren numuneye (N6) tutunan parcaciklara gore
daha biiyiikk oldugu goriilmektedir. Sitrik asit
konsantrasyon artist hem TiO, NP’nin yiin lifine
dagilimmnin diizenli olmasini hem de pargacik
boyutunun daha kii¢iik olmasini saglamistir. Bliyiik

pargaciklar  lif  yilizeyinden  daha  kolay
uzaklasabilirken, kiigiik boyuttaki pargaciklar
malzemeye daha fazla niifuz edebilmekte,

stabiliteleri daha yiiksek olmaktadir [9].
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Sekil 1. Kontrol (a), N3 (b), N4 (c), N6 (d)
numunelerinin x5000 biiyiitme ile elde
edilen goriintiileri

3.2. Numunelerin islem Sonrasi Kiitle Degisimi

Numunelerin aplikasyon sonrasi kiitle degisimleri
(%) Sekil 2°de sunulmustur. Tim farkli iglemler
sonrasi numunelerin kiitlelerinde artis
gozlenmektedir. Bu da uygulanan kimyasallarin
yiin lifine dahil edilebildigini gdstermistir. Artan
sitrik asit konsantrasyonunun numunelerin kiitle
artisina anlamli bir etkisi olmadig1 gortilmektedir.
Aplikasyonda sitrik asit miktar1 artmis olsa bile
kumasta islem sonrasi lif/iplik kaybmin % kiitle
artis oranini azalttigr diigiiniilmektedir. Titanyum
dioksit slispansiyonunun sitrik asit ¢dzeltisine ilave
edilmesi sonucu kumaglarin (N4, N5, N6) ilk
agirligina gore % kiitle artis oranlarinin azaldigi
goriilmektedir. Bu numune grubu igerisinde de
degisen sitrik asit konsantrasyonunun numunelerin
kiitle degisimine etkisi anlamli ¢ikmamustir.

3.3. Numunelerin Sarilik indeksi

Numunelerin sarilik indeksi degerlerinin bulundugu
grafik Sekil 3’de sunulmustur. Protein esasli yiin
liflerinin yapisindaki melaminden dolay1r dogal
sarims1 renge sahiptir [10]. Caligmada uygulanan
sitrik asit islemi ise numunelerin (N1, N2, N3)
sarilik indeksini daha da arttirmistir. Bu durum
literatiirde ~ sitrik  asitin = doymamis  asitlere
doniismesi ve molekiil zincirindeki hidroksil
grubunun artmasindan kaynaklandigr seklinde
aciklanmistir [5,16]. Artan sitrik  asit
konsantrasyonunun sarilik indeksi degisimine
anlamli bir etkisinin olmadig1 goriilmektedir.
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N4, N5 ve N6 numunelerinin sarilik indeksi
degerleri incelendiginde; TiO, NP ile islem goren
numunelerin sarilik indekslerinin iglem gérmemis
kontrol numunesine goére daha diisik oldugu
goriilmektedir. Beyaz bir pigment olan TiO,
nanotozlarin lif yiizeylerine tutunmasi, numunelerin
15181 daha fazla yansitmasimi ve daha beyaz
goriinmesini saglamistir. Ayrica bu durum yiin
liflerinin  yapisindaki sar1 kromofor gruplari
pargalanip numunelerin daha beyaz goriiniim
kazanmasiyla da aciklanabilmektedir [9]. Sitrik asit
konsantrasyon artiginin bu grubun sarilik indeksi
degisimine anlamli bir etkisi olmamustir.

Kutle Degisimi (%)
N w & (O]

[N

Sabiha SEZGIN BOZOK, R. Tugrul OGULATA

3.4. Numunelerin Katlanma Acis1

Katlanma agis1 sonuglari numunelerin burusmazlik
derecesi ile iliskilidir. Kumaslarin katlanma agisi
degeri arttikca burusmazlik o6zelliklerinin arttig1
kabul edilmektedir. Calismada iglem goren islem
gormeyen numunelerin katlanma acis1 degerleri
Sekil 4’de sunulmustur. Grafik incelendiginde; N3
kodlu numunenin hem atki yoniinde hem de ¢ozgii
yoniinde 6l¢iilen katlanma agisinin, iglem gérmemis
kontrol numunesine gore daha yiiksek oldugu
goriilmektedir. 15 gr/L sitrik asit ¢ozeltisi ile ylinli
numunelerin katlanma agisinda atki yoniinde 4°,
¢ozgii yoniinde 4° iyilestirme saglanabilmistir.

0 | | I I I I
N1 N2 N3 N4 N5 N6

Sekil 2. Numunelerin islem sonrasi kiitle degisimleri
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32
31
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29
2

2

2

25

N2

Kontrol N1

Sarlik indeksi (Y1)

D N

N3 N4 N5 N6

Sekil 3. Numunelerin sarilik indeksi degerleri
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Kontrol N1 N2

W Atk

N3 N4 N5 N6

Cozgl

Sekil 4. Numunelerin katlanma acis1 degerleri

Daha 6nce yapilan benzer bir calismada %10 sitrik
konsantrasyonunda uygulanan iglemler ile yiinli
kumaslarda yas ve kuru kirisma sonrasi eski haline
donme oraninda bir miktar artig saglanabilmistir
ancak bu caligmada sodyum hipofosfit (katalist)
kullanirmmin etkisi olmustur [4]. N1 ve N2
numunelerinin ise atki yoniindeki katlanma agilar
kontrol numunesine gore bir miktar artmis ancak bu
artis farkli orandaki (5 ve 10 gr/L) sitrik asit
konsantrasyonu agisindan anlamli bir farkliliga
sebep olmamistir. N4, N5 ve N6 numunelerinin
degerleri incelendiginde; TiO, nanopargacik
kullaniminin, sitrik asitin numunelere kazandirdig1
burusmazlik  ozelligini  iyilestirme  etkisini
diisiirdigi goriilmektedir. TiO» nanoparcaciklarinin
en yliksek sitrik asit konsantrasyonu olan 15 gr/L ile
beraber kumaslara aplike edilmesi ile numunelerin
burusmazlik derecesi islem gérmemis kontrol
numunesine gore atki yoniinde 4° arttirilabilmistir.

5 ve 10 gr/L sitrik asit ¢ozeltileri ve TiO;
siispansiyonu karigimi ile islem goren yiinli
numunelerin (N4 ve NS5) ise atki ve ¢ozgi
yoniindeki katlanma agilar1 farkls sitrik asit
konsantrasyonlarinin etkisi agisindan anlaml
goriinmemektedir.

4. SONUCLAR

Calismada farkli konsantrasyonda sitrik asit
cozeltisi capraz baglayici olarak kullanilarak TiO,
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(titanyum dioksit) nanopargaciklar ile yiinlii kumas
arasinda bir koprii olusturulmustur. Yapilan
aplikasyon islemleriyle sitrik asitin  yiinli
kumaslarda katlanma sonrasinda eski haline
donebilme kabiliyetini arttirabilme  6zelligini
saglamak ve kumaglarda neden oldugu sararma
etkisini beyaz pigment olan TiO; ile diisiirmek
amaglanmistir.  Tarayict elektron mikroskobu
(SEM) ile elde edilen goriintiilere gore sadece sitrik
asitle iglem gdren numunelerin lif yilizey
morfolojileri fazla degismezken, sitrik asit ve %1
TiO, stispansiyonu ile islem géren numunelerin lif
ylizeylerinin daha piiriizlii oldugu tespit edilmistir.
Sitrik  asit  konsantrasyonu artinca  TiO»
nanopargacik iceren kaplamanin daha homojen
sekilde lif yilizeyini sardigt sdylenebilmektedir.
Numunelerin aplikasyon sonrasi kiitleleri artmis,
ozellikle sadece sitrik asit ¢ozeltisi ile iglem géren
numunelerin kiitle artist daha yiiksek ¢ikmustir.
Titanyum dioksit siispansiyonunun kullanimi bu
kiitle artiginin daha diisiik olmasina sebep olmustur.
Numunelerin sadece sitrikle aplikasyonu sonrasi
sararma indeksleri yiikselmistir. Ancak cozeltilerde
TiO> NP kullanimi numunelerin sarilik indeksinin
islem gdérmemis numunenin degerinden daha diisiik
olmasini saglamistir. Numunelerin burusmazligini
ifade eden katlanma agis1 degerleri incelendiginde
ise; 15 gr/L sitrik asit ¢ozeltisi ile hem atki hem
¢ozgli yoniinde 4°’lik iyilesme saglandig tespit
edilmigtir. TiO> NP siispansiyonu kullanimi bu
iyilestirmeyi diislirmiis ancak 15 gr/L sitrik asit
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cozeltisi ile wuygulanan %1 TiO, NP’nin
numunelerin burugsmazlik derecesi, islem gérmemis
numuneye goére sadece atki yOniinde bir miktar
arttirtlabilmistir. Genel degerlendirme
yapildiginda; TiO> NP’nin sitrik asitle beraber
kullanimmin  yinlii kumaglara tutunabilmesi
acisindan igin uygun oldugu, sararmanin &niine
gegilebildigi ancak burusmazlik derecesinin daha
da iyilestirilmesi acisindan farkli katalistlerle
beraber detayli c¢alisilmasinin uygun olacagi
diigiiniilmektedir.
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Oz

Gomiilii dis tespiti, dis hekimligi uygulamalarinda nemli bir adimdir ve dogru bir tespit siireci, tedavi
planlamasi ve teshislerde biiyiik 6nem tasir. Geleneksel yontemlerin siirlamalar1 ve hata olasiliklar goz
oniine alindiginda, derin 6grenme modelleri gibi yapay zeka temelli yaklasimlarin kullanilmasi giderek
daha yaygin hale gelmektedir. Bu calismada panoramik gomiili dis goriintiilerinde derin 6grenme
modellerinin performansi incelenmistir Yedi farkli modelin (VGG16-Unet, VGG19-Unet, MobileNetV2,
Unet-vl, Unet-v2, Unet-v3 ve Unet-v4) performansi degerlendirilmistir. VGG16-Unet modelinin AUC
(egri altindaki alan) degeri %94.87 ile diger modellere kiyasla daha yiiksek bulunmustur. Bu ¢aligma, dis
hekimligi alaninda daha dogru ve hassas segmentasyon yontemleri gelistirilmesine katki saglayarak, dis
tespiti ve tedavi planlamast siireglerinde daha giivenilir sonuglar elde edilmesini desteklemektedir.

Anahtar Kelimeler: Unet, Derin 6§renme, Gomiilii dis, Panoramik dis goriintiileri

Impacted Tooth Detection and Segmentation Based on Deep Convolutional Neural
Network in Panoramic Dental Images

Abstract

Impacted tooth detection is an important step in dental practice and an accurate fixation process is of great
importance in treatment planning and diagnosis. Considering the limitations and error probabilities of
traditional methods, the utilization of artificial intelligence-based approaches like deep learning models is
becoming more common. In this study, the performance of deep learning models was evaluated for the
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detection and segmentation of impacted teeth in panoramic dental images. The performance of seven
different models (VGG16-Unet, VGG19-Unet, MobileNetV2, Unet-vl, Unet-v2, Unet-v3 and Unet-v4)
was evaluated. The AUC (area under the curve) value of the VGG16-Unet model was found to be higher
with 94.87% compared to the other models. This study contributes to the advancement of more accurate
and sensitive segmentation methods in the field of dentistry and supports more reliable results in tooth

detection and treatment planning processes.

Keywords: Unet, Deep learning, Impacted tooth, Panoramic dental images

1. GIRIS

Gilinlimiizde, yapay zeka teknolojileri ve 6zellikle
derin 6grenme yontemleri, tibbi goriintiileme, teshis
ve tedavi konularinda Onemli  gelismeler
saglamaktadir [1]. Bu teknolojiler, dis hekimligi
gibi  biyomedikal alanlarda da  giderek
yayginlagsmaktadir.

GoOmiili  digler, dis hekimligi pratiginde sik
kargilagilan ve tedavi gerektiren Onemli bir
sorundur. Gomiili disler, cene kemigi altinda
normal olarak yer almasi gereken dislerdir, ancak
dogru bir sekilde gelisemez veya cene kemigi
altinda sikisir. Bu durum, estetik, agiz sagligi ve
¢ene yapist agisindan ciddi sorunlara yol agabilir.
Gomiilii dislerin dogru bir sekilde teshis edilmesi ve
tedavi edilmesi, hasta bakimi agisindan bilyiik 6nem
tagimaktadir [2].

Gomiilii dislerin teshisinde ve tedavisinde dijital
goriintiileme ve goriintii isleme teknikleri dnemli
bir rol oynamaktadir. Dijital goriintiileme
yontemleri, dis hekimlerine daha detayli ve net bir
sekilde goriintiileme yapma imkan1 saglar [3]. Bu
goriintiiler gomiili dislerin konumunu,
biiyiikligiini, ¢evresindeki dokular1 ve
komplikasyonlar1 daha iyi degerlendirmek igin
kullanilabilir [2].

Onceki ¢alismalar, dis segmentasyonu konusunda
cesitli yaklagimlar sunmustur. Bazi caligmalar,
geleneksel goriintli isleme yontemleri kullanarak
dis bolgelerini siniflandirmaya g¢aligmistir. Ancak
bu yontemler, genellikle karmasik dis yapisi ve
cesitli gorlintiileme kosullart nedeniyle istikrarli

sonuglar elde etmekte zorlanmaktadir. Son
zamanlarda, derin  Ogrenme  tekniklerinin
714

gelisimiyle  birlikte, evrisimsel sinir aglari
(Convolutional Neural Networks, CNN) tabanli
modeller dis segmentasyonunda  basariyla
uygulanmistir [4].

Bu c¢alismada, VGG16-Unet, VGG19-Unet,
MobileNetV2 ve 4 farkli katman derinligine sahip
Unet mimarisi olmak {iizere yedi farkli model
mimarisinin dis segmentasyonu tizerindeki etkinligi
karsilagtirilmigtir. VGG16 ve VGG19, derin ve
karmagik bir yapiya sahip olan geleneksel CNN
mimarileridir. MobileNetV2 ise hafif ve hizl
hesaplama 6zellikleriyle bilinen mobil tabanlt CNN
mimarisidir. Unet ise 6zgiin bir mimariye sahip olan
ve hem kodlama hem de ¢éziimleme agsamalarinda
simetrik baglantilar kullanarak yiiksek kalitede
segmentasyon sonuglart iiretebilen bir modeldir.

Bu c¢alismanin 6nemi, gomiilii dislerin teshis ve
tedavisinde dogruluk, hassasiyet ve verimlilik
saglayabilen bir yontem sunmaktir. Bu makalenin
amaci, gomiili dis segmentasyonu alaninda farkli
model mimarilerini kiyaslayarak en iyi performans
gosteren modeli belirlemektir. Dis segmentasyonu,
dis goriintiilerinin ¢ene ve dis yapilarinin dogru bir
sekilde tanimlanmasi ve ayristirilmasi siirecidir. Bu
alanda, dogru ve hassas bir segmentasyonun
basarisi, dis hekimligi uygulamalarinda teshis ve
tedavi planlamasinin dogrulugunu artirabilir.

Onceki calismalara kiyasla bu arastirma, farkli iki
gomiili dis veri kiimesi iizerinde
gergeklestirilmistir. Bu ¢aligmada kullanilan veri
kiimesi 273 adet panoramik dis goriintiilerinden
olugmaktadir. Her bir gorlinti, ayrmtilhi dis
bolgelerine sahip c¢esitli dis yapisin1 temsil
etmektedir. Egitim silirecinde, her model ayr1 ayr1
egitilmis ve performansi degerlendirilmistir.
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Bu makalenin geri kalan kisminda, literatiir
taramasi, metodoloji, deneyler ve sonugclar,
tartigma, sonug ve gelecek caligmalar boliimleri yer
alacaktir. Metodoloji bdliimiinde, kullanilan veri
kiimesi, model mimarileri ve egitim siiregleri
detayli bir sekilde agiklanmuistir.

2. LITERATUR TARAMASI

Huang ve arkadaslari, Unet mimarisi kullanarak dis
veri  kiimesi iizerinde enfeksiyon tespiti
yapmiglardir. Dis ¢iiriiklerinin derin &grenme
teknikleri kullanarak otomatik olarak teshis
edilmesi iizerine, farkli teknikler ile karsilastirma
yapmuslardir. %94.3 basarim ile diger tekniklere
gore daha yiiksek bir dogruluk orani gostermislerdir

[5].

Elborolosy, 2414 panoramik radyografi goriintiisii
kullanilarak mandibular {iglincii az1 disinin
¢ikarilma zorlugunu tahmin etmek amaciyla
onceden egitilmis ic model uygulamistir. VGG-16,
VGG-19, MobileNetV2 ve ResNet50 gibi dort
farkli modelin performans: degerlendirilmis ve
sonuclar VGG-19 modelinin mandibular iigiincii az1
disinin ¢ikarilma zorlugunu %82 dogruluk ile
tahmin ettigini gostermistir. Diger modellerin
dogruluk oranlari ise sirasiyla %81, %79 ve %44
olarak verilmistir [6].

Krois ve arkadaslari, dental panoramik radyografi
goriintillerinde dis siniflandirmast  i¢in  derin
O6grenme modellerinin  dogrulugunu etkileyen
goriintii baglamini degerlendirmislerdir. Elde edilen
sonuglar, dis segmentlerinin boyutunun artmasiyla
siiflandirma dogrulugunun énemli dl¢lide arttigini
gostermigstir. F1 puanlari, en kiigik segment
boyutunda %0.77 iken, en biyiik segment
boyutunda 9%0.93'e yiikselmistir (p = 0.0083;
Mann-Kendall testi). Bu calisma, dental radyografi
goriintillerinde dis  siniflandirmasinda  baglam
bilgisinin kritik bir rol oynadigini vurgulamistir [7].

Chen ve arkadaglar1 tarafindan yapilan ¢alismada,
dental periapikal filmlerde dis tespiti ve
numaralandirma i¢in TensorFlow'un Faster R-CNN
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yontemi kullanilmigtir. Onerilen yéntem rtiisen
kutularin filtrelenmesi, eksik diglerin tespiti ve
kurallara uygun sonuc¢ diizenlemesi gibi ii¢
asamadan olusmaktadir. Elde edilen sonuglar, %90
iizerinde hassasiyet ve hatirlama degerleri ile yapay
zekanin dental goriintiileme alaninda etkili bir arag
oldugunu gostermektedir. Bununla birlikte, mevcut
literatiirdeki metodolojik kisitlamalarin daha fazla
arastirma gerektirdigi vurgulanmaktadir.

Tuzoff ve arkadaslari tarafindan  yapilan
arastirmada, dental radyografilerin analizi igin
CNN  tabanli  bir yontem  Onerilmistir.
Caligmalarinda, 1352  panoramik  radyoloji
goriintiilerinden olugan bir veri kiimesi kullanilarak
sistemin egitimi gerceklestirilmis ve elde edilen
sonuglar, alaninda uzman goriisiine yakin bir
performans sergiledigini gostermistir. Bu bulgular,
dental radyografi analizinin pratik uygulama ve ileri
degerlendirme potansiyeline sahip oldugunu
vurgulamaktadir [8].

Hiraiwa ve arkadaslar1 tarafindan yiiriitiilen bu
caligmada, mandibular birinci azi1 diginin distal
koklerinin morfolojik smiflandirmast igin derin
O0grenme sisteminin tanisal performansina detayli
bir inceleme gerceklestirilmigstir. Calisma, CBCT
(cone beam bilgisayarli tomografi) goriintiileri ve
panoramik radyografilerin analiziyle
gergeklestirilmis ve elde edilen sonuglar, distal
koklerin %21.4linde ek bir koék bulundugunu
gostermigtir. Derin  6grenme sistemi ise distal
koklerin tek veya ek koklii olup olmadigimi %86.9
dogruluk orantyla tespit edebilme yetenegi
gostermigtir. Bu bulgularin mandibular birinci azi
disinin kok morfolojisinin ayirici tanisinda derin
O0grenme  yoOnteminin  potansiyelini  ortaya
koydugunu vurgulamislardir [9].

3. METODOLOJI

Bu calismada, iki farkli veri kiimesinden yiiksek
¢ozliniirliige sahip dis goriintiileri uzman hekim
tarafindan secildi ve bu iki veri kiimesinin
birlestirilmesiyle ~ calismanin  veri  kiimesi
olugturuldu. Olusturulan yeni veri kiimesi, yiiksek
kalitede panoramik gomiili dis goriintilerini
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icermektedir. Bu yontemle, ¢aligmanin sonug¢larinin
daha genel gecerlilik kazanmasi1 hedeflenmistir.

Cizelge 1. Kullanilan veri kiimeleri

. e Kullanilan

Kaynak |Veri Sayis1 Veri Tiiri Veri Sayist
[10] 304 adet 540x380, png 150
[11] 598 adet | 2041x1024, jpeg 123

Cizelge 1'de her iki veri kiimesinin kullanimryla
ilgili detayli bilgiler yer almaktadir. Ilk veri

50 100 150 200 o 50 100 150 200

kiimesinden 150 adet yiiksek c¢Ozniirliige sahip
veriler  secilerek daha  spesifik  bir dis
popiilasyonunu temsil etmesi saglanmigtir [10].
Literatiirde yaygin olarak kullanilan ikinci veri
kiimesinden ise 123 adet yiiksek ¢6ziiniirliige sahip
veriler secilmistir [11]. Ikinci veri kiimesi, genis bir
dis popiilasyonunu kapsayan yiiksek kalitede
goriintiiler icermektedir. Bu ¢alisma i¢in toplamda
273 adet yiiksek ¢ozniirliige sahip verilerden olusan
bir veri kiimesi olusturulmus, dis segmentasyonu
iizerinde daha Ozellesmis sonuglar elde etmek
amactyla kullanilmistir.

] S0 100 150 200

Sekil 1. Olusturulan veri kiimesinden 6rnek goriintiiler

Sekil 1'de sunulan 6rnek veri kiimesi goriintiileri,
iki veri kiimesinin birlestirilmesiyle
olusturulmustur. Bu veri kiimesi, farklt model ve
yontemlerin performansim karsilastirmak amaciyla
kullanilmistir. Calismanin sonuglari, genel bir dis
popiilasyonu ig¢in gegerliligi saglamakla birlikte
daha spesifik bir dis alt grubu iizerindeki etkisini de
degerlendirmek amaciyla analiz edilmistir.

Bu veri kiimesi, ¢alismanin giivenilir sonuclara ve
kargilagtirmalarin yapilmasina olanak saglamistir.
Veri kiimelerinin birlestirilmesi, ¢aligmanin daha
kapsamli bir temele dayandirilmasini saglamis ve
sonuclarin daha genel gegerlilik kazanmasina
yardimct olacagi diistiniilmektedir.

3.2. Model Mimarileri

Bu ¢alismanin temelini olusturan model mimarileri,
VGG16-Unet, VGG19-Unet, MobileNetV2 ve
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Unet (4 farkli katman derinligine sahip) gibi yedi
farkli derin sinir agi modelini igermektedir. Bu
modeller, goriintii smiflandirma, nesne tanima,
hafif ve biyomedikal goriintii segmentasyonu gibi
gesitli  gorevlerde basariyla kullanilmaktadir.
Kapsamli caligmalarla gergeklestirilen bu model
mimarileri, derin 6grenme alaninda 6ncii ve etkili
¢Oziimler sunmaktadir.

3.2.1. Unet

Bigimlendirilmis veri segmentasyonunda yaygin
olarak kullanilan bir derin 6grenme modelidir [12].
Bu mimari, evrisimsel sinir aglarinin hem yerel hem
de global baglantilarindan faydalanir. Temel olarak,
birgok evrisimsel katmandan olusur ve birbirine
gecisler  saglayan  enkoder ve  dekoder
boliimlerinden olusan bir yapiya sahiptir. Sekil 2°de
Unet ag mimarisi gosterilmektedir.
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giris

gbriintiisi —
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T
~ H1

22 ~ [ > Conv 3x3, ReLU
- | = Conv 1x1
T —_—h up-conv 2x2
e max pool 2x2
— copy and crop

Sekil 2. Unet ag mimarisi

Enkoder boliimii, hiyerarsik dzelliklerin ¢ikarilmasi
icin evrisimsel ve Ornekleme katmanlarindan
olusur. Bu katmanlar, 6l¢ek uzaymda bir azalma
saglar ve daha yiiksek seviyede soyutlanmis
ozelliklerin olugmasini saglar. Dekoder boliimi,
enkoderin ¢ikisin1 alir ve goriintiiniin orjinal
boyutuna geri donmesini saglar. Bu boliimde,
evrisim geriye yayilimi, tersine Ornekleme
(upsampling) katmanlar1 ve evrigimsel katmanlar
bir arada kullanilir. Bu sayede, segmentasyon
haritalar1 olusturulur. Bu kapsamda bu g¢alismada
onceden egitilmis evrisimsel sinir ag mimarilerine
dayali Unet modelleri kullanilmgtir.

Bu ¢alismada, her biri farkli katman derinlikleri ve
filtre sayilarina sahip 4 farkli Unet modeli

uygulanmigtir. Bu modeller sirasiyla Unet-vl,

Cizelge 2. Kullanilan Unet modelleri

Unet-v2, Unet-v3 ve Unet-v4 olarak
adlandirilmigtir. Bu ¢aligmada kullanilan Unet
modellerinin ayrintili yap1 ve ozellikleri Cizelge
2’de sunulmustur. Cizelgedeki bilgiler, her bir
modelin katman derinliklerini ve filtre sayilarini
gostermektedir. Katman derinligi, Unet
mimarisindeki enkoder ve dekoder boliimlerindeki
konvoliisyonel ve 6rnekleme katmanlarimin sayisini
ifade eder. Farkli katman derinlikleri, Unet
modellerinin farkli 6zellik ¢ikarim yeteneklerine
sahip olmasini saglar. Ayni sekilde, filtre sayilari da
Unet modellerinin 6grenme kapasitesini belirleyen
onemli bir faktordiir. Filtre sayisi, her bir
katmandaki konvoliisyonel filtrelerinin sayisini
ifade eder. Daha yiiksek filtre sayilari, daha fazla
Ozellik haritalariin iiretilmesini ve daha karmasik
ozelliklerin 6grenilmesini saglar.

Unet modelleri Filtre sayas1 Atlama saglantist | Katman sayisi

Unet vl [16,32,64,128] 256 4
Unet v2 [32,64,128,256,512] 1024 5
Unet_v3 [16,32,64,128,256,512] 1024 6
Unet_v4 [32,64,128,256] 512 4

Bu farkli katman derinliklerine sahip Unet Katman sayilarindaki farkliliklarin modellerin

modelleri, gomiili dis gorlintlilerinin ~ 6zellik cikarma yeteneklerini etkiledigi

segmentasyonunda kullanilmis ve  gbzlemlenmistir.

performanslarinin  karsilagtirilmast  yapilmustir.
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3.2.2. VGG16-Unet

VGG16 ve Unet mimarilerinin birlestirildigi bir
hibrit modeldir [13]. VGG16min evrisim tabanl
ozellik ¢ikarma yetenekleri ile Unet'in detayl
sonuglar elde etme kabiliyeti bir araya getirilir. Bu
model dis goriintiilerinin hassas segmentasyonunu
saglar ve dis hekimligi alaninda siniflandirma ve
ayirt etme i¢in 6nemli bir aragtir. Kullanimiyla dis
goriintiilerinin analizi ve teshisi ilerletilir, bu da
dental alanda daha hassas siniflandirma ve ayirt
etme saglar.

3.2.3. VGG19-Unet

VGG19 ve Unet mimarilerinin birlesimidir [14].
VGG19, derin sinir ag1 mimarileri arasinda popiiler
olan 19 katmanli bir modeldir. Evrisim tabanli
katmanlariyla gorinti smiflandirma ve 6zellik
cikarma gorevlerinde etkili sonuglar verir. Unet ise
segmentasyon gorevleri igin tasarlanmis bir
mimaridir. VGG19-Unet, VGG19'un giiglii 6zellik
cikarma yeteneklerini Unet'in hassas ve lokalize
edici segmentasyon kabiliyetiyle birlestirir. Bu
model, dis goriintiilerinin daha ayrintili analizi ve
teshisi i¢in kullanilarak daha dogru sonuclar elde
edilmesini saglar.

3.2.4. MobileNetV2

Hafif ve hizli bir derin sinir agi modelidir [15].
Evrisim tabanli katmanlarda kullanilan daraltilmig
(1x1) ve genisletilmis (3x3) evrisimler sayesinde
yiiksek verimlilik saglar. Ayrica, derinlik ayristirma
(depthwise  separable)  konvoliisyonlar1  ile
hesaplama maliyetini azaltir. 16 katmandan olusan
yapisl, 3.5 milyon parametre ve 300MB'dan daha az
bellek kullanimi ile mobil cihazlar igin idealdir. Bu
model, yliksek hizda siiflandirma ve nesne tespiti
gibi gorevlerde etkileyici sonuglar elde etmek i¢in
tasarlanmustir.

4. DENEYLER VE SONUCLAR
4.1. Performans Metrikleri

Performans metrikleri, derin 6grenme modellerinin
etkinligini degerlendirmek ve karsilagtirmak igin
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kullanilan kritik araglardir. Bu metrikler, modelin
smiflandirma  veya  tespit  gorevlerindeki
performansini objektif bir sekilde
degerlendirmemizi saglar. Karmasiklik matrisi,
smiflandirma modellerinin performansini
degerlendirmek i¢in kullanilan bir tablodur. Gergek
ve tahmin edilen smiflarin dort farkli durumunu
igerir: dogru pozitif, dogru negatif, yanlis pozitif ve
yanlis negatif. Bu matris, modelin dogru ve yanlis
tahminlerini gostererck hatalart analiz etmeyi saglar
[16].

Kesinlik (precision), dogru tahmin edilen pozitif
gozlemlerin  toplam tahmin edilen pozitif
gbzlemlere oranidir, yanlis pozitiflerin sayisini
minimize etmeye odaklanir [17].

DP

Kesinlik = —— —
eSS = P ¥ YP (1)

Duyarlilik (recall), dogru tahmin edilen pozitif
gozlemlerin gercek smiftaki tiim gozlemlere
oranidir, gergek pozitiflerin tespit edilme oranini
ifade eder [17].

Duyartiik = —2F )
WAt = ppy YN

DICE Katsayis1 (DICE coefficient) benzerlik
Olciisii olarak kullanilir [18].

Dice = 2% DP 3)
K = 2« DP+YP+ YN

Son olarak AUC, alic1 caligma karakteristigi (ROC)
egrisinin  altinda kalan alan1 ifade ederek
smiflandirma modelinin  genel performansin
degerlendirmede kullanilir [19].

AUC = f (DP — Oran) d(YP — Oram)  (4)

Bu performans metrikleri, derin &grenme
modellerinin performansini1 objektif bir sekilde
o0lgmek ve karsilastirmak icin Onemli bir rol
oynamaktadir.
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4.2. Modellerin Egitimi ve Degerlendirilmesi

Bu c¢alismada VGG16-Unet, VGG19-Unet,
MobileNetV2 ve Unet modellerinin performansini
O0lgmek i¢in ¢esitli metrikler kullanilmistir. Bu
metrikler arasinda (precision), duyarlilik (recall),
Dice katsayist ve AUC gibi 6nemli 6lgiimler yer
almaktadir. Bu metrikler, modellerin smiflandirma
dogrulugunu, yanlis pozitif ve yanlis negatif
tahminleri, hassashk ve kapsamlihik  gibi
performans 6zelliklerini degerlendirmektedir.

Bu calismada modellerin egitiminde kullanilan veri
kiimesi, %90 egitim, %5 dogrulama ve %5 test
olarak boliinmiistlir. Egitim siirecinde epoch sayis1
100 olarak belirlenmis, her bir egitim adiminda 16
orneklik  bir batch boyutu kullanilmistir.
Optimizasyon i¢in Adam optimizasyon algoritmasi
tercih edilmis ve 6grenme katsayisi 0.0001 olarak
ayarlanmistir. Bu derin parametreler kullanilarak
modellerin egitimi gergeklestirilmistir. Egitim
siirecinde, giris goriintiilerinin boyutu 256x256x3
olarak ayarlanmistir.

AUC = %94.87 AUC = %93.29

8 8
_ - 910578 623 _ - 910586 615
g ¢ g5
c 0 c O
°© S 642 ° S 8a

g 2

6 5

Gomiilii Dig Var  Gémiilii Dig Yok GOmilii Dig Var Gomuli Dis Yok

Tahmin Edilen Siniflar Tahmin Edilen Siniflar

Sonuglar, her bir modelin siniflandirma
yeteneklerini, dogru tahmin oranlarmi ve hata
egilimlerini anlamamiza yardimeci olmaktadir. Bu
metriklerin kullanilmasi, modellerin
karsilastirilmasi ve en iyi performans sergileyen
modelin belirlenmesi agisindan  kritik  dneme
sahiptir.

4.3. Performans Sonuclari ve Karsilastirma

Bu  calismada, panoramik  gomili  dis
gorlintiilerinden olusan veri kiimesine VGG16-
Unet, VGG19-Unet, MobileNetV2 ve dort farkl
katman ve filtre yapisina sahip Unet olmak iizere
yedi farkli model uygulanmistir. Her bir matris,
gercek smif degerleri ile modelin tahmin ettigi sinif
degerlerini karsilastirir. Kullanilan farkli model
yapilarina ait karmasiklik matrisleri incelenmistir.
Caligmamizda uyguladigimiz her bir modele ait
karmasiklik matrisleri Sekil 3’te gosterilmektedir.

AUC = %88.41 AUC = %84,17
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a. VGG16-Unet b. VGG19-Unet ¢. MobileNetV2 d. Unet-vl
AUC = %87.80 AUC = %85.26 AUC = %88.97
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o2 910413 788 > 910481 720 Z 910430 77
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G6mili Dis Var Gémili Dis Yok
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e. Unet-v2

Gomiilii Dig Var  Gomiilii Dig Yok
Tahmin Edilen Siniflar

f. Unet-v3

GOmult Dis Var Gomiili Dis Yok
Tahmin Edilen Siniflar

g. Unet-v4

Sekil 3. Kullanilan modellerin karmasiklik matrisleri
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Calismamizda  uygulanan  bu  modellerin
performansin1  degerlendirmek icin  kesinlik,
duyarlilik, Dice katsayis1 ve AUC parametreleri
kullanilmistir. Elde edilen sonuglar, arastirmacilara

ve dis hekimlerine daha iyi kararlar alabilmeleri
icin bir referans olma 6zelligi gostermektedir. Her
bir model i¢in bulunan performans dlgiit degerleri
Cizelge 3’te sunulmustur.

Cizelge 3. Kullanilan modellerin performans sonuclar1 (%)

Modeller Kesinlik Duyarhhk Dice Katsayisi AUC
VGG16-Unet 90.09 89.81 89.95 94.87
VGG19-Unet 89.88 86.64 88.23 93.29
MobileNetV2 88.50 76.88 82.28 88.41
Unet-vi 78.82 68.48 73.28 84.17
Unet-v2 85.82 75.69 80.44 87.80
Unet-v3 86.07 70.60 77.58 85.26
Unet-v4 86.45 78.03 82.02 88.97

Cizelge 3’te farkli modellerin performansim
gosteren bir karsilastirma yapilmistir. Kesinlik,
duyarlilik, Dice Katsayisi ve AUC parametreleri
kullanilarak elde edilen sonuglar
degerlendirilmigtir. ' VGG16-Unet modeli, en
yiiksek AUC degerine sahip olan modeldir
(%94.87). Ayrica kesinlik (%90.09), duyarlilik
(%89.81) ve Dice Katsayist (%89.95) agisindan da
diger modellere kiyasla en iyi sonuclar1 elde
etmistir. Bu sonucglar, VGG16-Unet modelinin dis
goriintiilerinin tespiti ve segmentasyonunda diger
modellere  gére daha basarili  oldugunu
gostermektedir.

Diger modeller arasinda, VGG19-Unet ve Unet-v4
modelleri de dikkate deger sonuglar elde etmistir.
Bu modeller, genel olarak yiiksek kesinlik ve Dice
Katsayis1 degerleriyle performans gdstermistir.
Ancak MobileNetV2 ve diger Unet modellerinin
performans: daha diisiiktiir. Ozellikle Unet-vl1
modeli, diger modellere gore daha diisiik kesinlik,
duyarlilik ve Dice Katsayis1 degerleri elde etmistir.
Bu sonuglar, Unet-v1 modelinin dis goriintiilerinin
dogru  sekilde  segmentasyonu  konusunda
gelistirilmesi gerektigini gdstermektedir. Unet-v2
ve Unet-v3 modelleri ise orta diizeyde performans
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gostermistir. Her iki model de diger modellere
kiyasla daha yiiksek kesinlik, duyarlilik ve Dice
Katsayis1 degerlerine sahiptir. Bununla birlikte,
Unet-v4 modeli diger modellere gore daha iyi bir
performans sergileyerek, dis hekimligi alaninda
tercih edilebilecek giivenilir sonuglar sunmaktadir.
Bu sonuglar, Unet-v2 ve Unet-v3 modellerinin
Unet-vl modeline gore daha etkili bir dis
segmentasyonu sagladigini gostermektedir. Unet-
v4 modeli ise en yiiksek performansi gostererek,
daha kesin ve dogru segmentasyon sonuglar1 elde
etmek icin tercih edilebilir bir segenektir.

Elde edilen sonuglar Cizelge 4’te gdsterilmistir.
Cizelge 4 incelendiginde, bazi sonuglarda
modellerin gémiili disin bulundugu konumu
kismen dogru tespit ettigi, ancak boyutlarda
farkliliklar oldugu goriilmiistiir. Bazilarinda ise
modellerin benzer sonuglar verdigi ve VGG16-
Unet modelinin daha iyi performans gosterdigi
belirlenmigstir. Bu  bulgular, gomili dis
goriintiilerinin segmentasyonunda model se¢iminin
sonugclart iizerinde etkili oldugunu gostermektedir.
Bu bilgiler, dis hekimligi alaninda daha etkili
segmentasyon yontemlerinin gelistirilmesi igin
katk1 saglayabilir.
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Cizelge 4. Farkli mimarilerin deneysel sonuglari

Model Ornek-1

Gergek Goriintii

Gergek Maske

VGG16-Unet

VGG19-Unet

MobileNetV2

Unet-v1

Unet-v3 Unet-v2

Unet-v4
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5. TARTISMA
Cizelge 5. Incelenen literatiir calismalar
Kaynak Uygulanan Veri seti Basarim alam Basalzlf{l Basarim sonucu
model(ler) metrigi
Al Model 2019 - 2020 tarihli Eskischir - |Hassasiyet: 0.9674-
CranioCatch . . Hassasiyet, . )
[20]  |(Faster R-CNN er'nang'am' Crown, lmplant, Dogruluk, F1 0.9658, Dogruluk:
Tnception Universitesi'nden alinan GoOmiili Dis Skoru ’ 0.9259-0.8947, F1
v2/COCO) panoramik goriintiiler Skoru: 0.9433-0.9122
I?skisehir Osmangazi F1 Skoru,
[21]  |CNN algoritmasi |Universitesi Agiz ve Cene |Gomiilii Dig Hassasiyet, |Hassasiyet: > 95%
Radyolojisi Arsivi Dogruluk
Kappa, Impacted Detection
o n RS [ € ()3 s i Li Basarisi: 86.2%,
[22]  |Deep-CNN gSﬁl;iséa;Zl:l d1i3i()C$g§rél¥1$erisi icz):n];llu Ugtincti Tespiti, Impacted Tooth
¢ g ¥ Root/Canal |Root/Canal Basarisi:
Tespiti 78.6%, 68.1%
mAP@0.5: 0.91 (Faster
Gomiilii tiglincii az1 disleri e T e mAP@O.S, RCNN - ResNet50),
Faster RCNN, . GoOmiilii Ugiincti |Hassasiyet,
[23] olan 300 hastaya ait . - 0.96 (YOLOV3),
YOLOV3 o e Az1 Dis Dogruluk, .
panoramik goriintiiler Kesinlik Hassasiyet: 0.93,
Kesinlik: 0.88
2016-2020 tarih araligina ait
Eunpyeong St. Mary's Derinlik
WideResNet Hastanesi, St. Vincent Mandibular Uzamsaf F1 Skoru: 0.87, 0.87,
[24]  |(WRN), Hastanesi ile Seoul St. Uglincli Az1 Dis iliski. Sinir 0.83 (WRN), 0.84,
LaplaceNet (LN) |Mary's Hastanesine ait Smiflandirmasi K;nail 0.94, 0.80 (LN)
gomiilii dis panoramik
goriintiileri
- En yiiksek sonug veren
Iki farkli veri kiimesinden Kesinlik, VGG16-Unet igin
s Unet, VGGI16, . .. I Duyarlilik, .
Onerilen secilen yliksek ¢oztintirlikli| .. ... .. . Kesinlik: 90.09,
VGG19, AR . Gomiilii Dig Dice ] .
Calisma . goémiilii dis panoramik Duyarlilik: 89.81, Dice
MobileNetV2 o o Katsayist,
goriintiileri AUC Katsayisi: 89.95, AUC:
94.87
GOmiilii dis tespiti alaninda derin O6grenme ve ark. tarafindan gelistirilen ¢aligmada, Cone-
tekniklerinin performansi arastirildiginda irdelenen  beam Computed Tomography (CBCT)
calismalarda ortaya konan sonuglar, derin 6grenme  goriintiilerinde gomiilii iiclincii az1  dislerinin

yontemlerinin - gdmilii  dis

tespiti  konusunda

tespitinde

derin &grenme modelinin  manuel

potansiyeli ve etkinligini vurgulamaktadir. Basaran
ve ark. panoramik radyografi goriintiilerinde crown,
implant ve gomiili dislerin tespiti igin gelistirilen
yeni bir derin dgrenme modelinin performansini
incelemislerdir [20]. Sonuglar, bu modelin crown,
implant ve gomiili dislerin tespitinde yiiksek
duyarlilik ve kesinlik sagladigini gostermektedir.
Celik, derin 6grenme tekniklerinin, gdmiilii dislerin
tespitinde geleneksel yontemlere kiyasla iistiin bir
performans sergiledigini vurgulamistir [21]. Orhan
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muayeneye kiyasla yiiksek basarim sagladigi
vurgulanmistir [22]. Celik bir diger ¢alismasinda,
farkli derin 6grenme modellerinin kullanildig bir
yontem {izerinde durmustur [23]. Bu calismada,
Faster RCNN ve YOLOv3 gibi modellerin gémiilii
iiclincii az1 dislerin tespitinde yiiksek performans
sergiledigi  belirtilmistir. Kim ve ark. ise
calismalarinda, mandibular {igiincli azi dislerinin
panoramik goriintiiler iizerinde siniflandirilmasinda
geleneksel denetimli 6grenme (SL) ve yar
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denetimli 6grenme (SSL) yontemlerinin etkinligini
degerlendirmeyi amaclamiglardir [24]. SL modeli
olarak WideResNet (WRN) ve SSL modeli olarak
LaplaceNet (LN) kullanilmistir. LN modelinin
WRN modeli gibi denetimli 6grenme yontemine
benzer basar1 sagladig1 vurgulanmistir.

Onerilen galismamizda uygulanan modeller gomiilii
dis tespitinde basarilt sonuglar eclde edildigini
gostermektedir. Bu sonuglar, derin &grenme
modellerinin gémiilii dis tespiti alaninda geleneksel
yontemlere kiyasla daha hassas ve giivenilir
sonuglar saglayabilecegini ortaya koymaktadir. Bu
caligmalarin toplu degerlendirmesi, derin dgrenme
tekniklerinin  dig hekimligi alaninda  klinik
uygulamalarda ve tanisal siireclerde potansiyel
saglayabilecegini gostermektedir.

6. SONUC VE GELECEK

CALISMALAR

Bu calismada farkli katman derinligine sahip 4
farkli Unet modeli, VGG16-Unet, VGG19-Unet ve
MobileNetV2 modellerinin panoramik gomiilii dis
goriintiilerinin segmentasyonu iizerindeki
performanslari incelenmistir. Elde edilen bulgular,
gomiilii dis goriintiilerinin dogru tespit edilmesi ve
segmentasyonunun onemli oldugunu
gostermektedir. Sonuglara gore, bazi modeller
gomiilii disin konumunu kismen dogru tespit etmis
olsa da boyutlarinda farkliliklar mevcuttur.
VGG16-Unet modeli ise diger modellere gore daha
iyl sonuglar vermistir. Bu bulgular, gomiili dis
goriintiilerinin hassas bir sekilde segmente edilmesi
icin model se¢iminin 6nemini vurgulamaktadir.
Gelecekteki caligmalar, farklt model tiirlerinin ve
veri kiimelerinin performansini karsilagtirmak igin
daha kapsamli analizler yapabilir ve dis
goriintiilerinin  segmentasyonunda daha ileriye
yonelik gelistirmelere katki saglayabilir.
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Abstract

Electric arc furnaces (EAFs) used in the iron and steel manufacturing industry for melting and refining
scrap metals are one of the most disturbing loads that exhibit unbalanced and highly nonlinear
characteristics. Serious voltage fluctuations occur in the power system as a result of the rapid change in the
current drawn from the grid by the EAF. Voltage fluctuations lead to a power quality problem known as
flicker, which is defined as observable changes in light sources that affect the production environment,
cause eye fatigue in personnel, and lower the work concentration levels. To investigate the voltage flicker
problem, an accurate mathematical model describing the behavior of the EAF load is required. In this study,
a dynamic EAF model that can be adjusted to different operating conditions has been developed in the time
domain. The electric arc voltage has been modeled as an externally controllable voltage source. The
instantaneous arc voltage has been expressed as a function of the arc length independent of the current. The
arc resistance, which varies with time and is nonlinear, has also been calculated with differential equations
using the instantaneous arc voltage value. To measure the short-term flicker severity index caused by the
EAF in the power system, a flicker meter in compliance with the International Electrotechnical Commission
(IEC) 61000-4-15 standard has been designed. The current-voltage characteristics of the EAF, its effect on
the power system, and the flicker severity occurring at the point of common coupling (PCC) have been
analyzed with simulation studies using the PSCAD/EMTDC software. Besides, the simulation results of
the dynamic model of the EAF have been compared with the results obtained from the model based on the
measured field data.

Keywords: Electric arc furnace, Flicker, Power quality, Flickermeter

Elektrik Giic¢ Sebekesi’nde Gerilim Titresim Analizi icin Elektrik Ark Ocaginin
Dinamik Modeli ile Gercek Calisma Verilerinin Karsilastirilmasi

Oz

Demir-gelik imalat sanayinde hurda metallerin ergitilmesi ve rafine edilmesi igin kullanilan elektrik ark
ocaklar1 (EAF'leri), dengesiz ve oldukca dogrusal olmayan 6zellikler sergileyen en rahatsiz edici yiiklerden
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Comparison of a Dynamic Model of Electric Arc Furnace with Actual Operation Data for Voltage Flicker Analysis in
Electrical Power Network

biridir. EAF'nin gsebekeden c¢ektigi akimin hizla degigsmesi sonucu gii¢ sisteminde ciddi gerilim
dalgalanmalar1 meydana gelir. Gerilim dalgalanmalari, 151k kaynaklarinda iiretim ortamimi etkileyen
gozlemlenebilir degisiklikler olarak tanimlanan, personelde gdéz yorgunluguna ve is konsantrasyon
diizeylerinin diismesine neden olan ve kirpisma olarak bilinen bir gii¢ kalitesi sorununa yol agar. Gerilim
kirpisma problemini arastirmak i¢in, EAF yiikiiniin davranigini agiklayan dogru bir matematiksel modele
ihtiyac vardir. Bu ¢aligmada, zaman domeninde farkli ¢aligma kosullarina gore ayarlanabilen dinamik bir
EAF modeli gelistirilmistir. Elektrik ark gerilimi, harici olarak kontrol edilebilen bir gerilim kaynagi olarak
modellenmistir. Anlik ark gerilimi, akimdan bagimsiz olarak ark uzunlugunun bir fonksiyonu olarak ifade
edilmistir. Zamanla degisen ve dogrusal olmayan ark direnci de anlik ark gerilimi degeri kullanilarak
diferansiyel denklemlerle hesaplanmistir. Gii¢ sisteminde EAF'min neden oldugu kisa siireli kirpisma
siddeti indeksini 6lgmek icin Uluslararasi Elektroteknik Komisyonu (IEC) 61000-4-15 standardina uygun
bir kirpigma 6lger tasarlanmigtir. EAF'nin akim-gerilim karakteristigi, gii¢ sistemine etkisi ve ortak baglanti
noktasinda (PCC) olusan kirpisma siddeti, PSCAD/EMTDC yazilimi kullanilarak simiilasyon c¢alismalari
ile analiz edilmigtir. Ayrica, EAF'nin dinamik modelinin simiilasyon sonuglari, 6lgiilen saha verilerine
dayali modelden elde edilen sonuglarla karsilastirilmistir.

Anahtar Kelimeler: Elektrik ark ocagi, Kirpisma, Giig kalitesi, Kirpigma dlcer

imbalances, and severely changing reactive power
demand [3, 4]. Flicker is due to the fluctuation of
the voltage that exceeds a certain amplitude versus
frequency curve representing the eye—brain—lamp

1. INTRODUCTION

In recent years, the number of electric arc furnace
(EAF) installations has increased significantly due

to the abundance of scrap metal in the iron and steel
industry, the need for recycling waste metals, and
the possibility of high metal production at a
relatively low cost [1]. However, such loads have
adverse effects on power quality because of their
extremely nonlinear and time-variable (dynamic)

sensitivity, and has a negative impact on people [5].

Figure 1 shows a typical power system of an EAF
consisting of a utility grid, source impedance (Z),
high-voltage/medium-voltage (HV/MV) power
transformer, serial reactor, EAF transformer, and

features [2]. The EAF operation causes flicker, EAF with three electrodes [6].

harmonics, interharmonics, current/voltage
HV/MV MYV Dirty MV/LV
Utility Grid Power Transformer Busbar - Electrodes

s Series 2

Reactor :é Flexible

—""— Z Cables
/A £
= &3
<
53]

JAVAA EAF

Figure 1. Power system of the EAF

EAF is an extremely hot enclosed space, where heat
is produced by means of an electrical arc for melting
scrap steel without changing its electrochemical
properties [7]. In the melting process, electrical
energy is converted to thermal energy by means of
an electrical arc created between the melted metal
and the electrodes. An electric arc is characterized
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by a high current and low voltage. The EAF
conditions vary significantly during the four
operating processes: charging, boring, melting, and
refining. The arc length increases from the boring
phase, where the metals start to melt, to the refining
phase, where the metals are completely melted, and
gradually becomes constant [8]. Charging is the
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first phase in which solid scrap metal is loaded into
the furnace. An electric arc is then created in the
middle of the scrap metal stack. The current exhibits
a rather stochastic behavior and a very high
deterioration in power quality occurs. When a hole
is formed in the middle of the scrap metal stack, the
arc becomes more stable (in the melting phase), and
15% of the scrap metal in the solid state becomes
liquid. The current remains unstable because the
scrap metal is still in a solid state and is not fully
melted. In the refining phase, which is the final and
most stable arc current behavior observed, the scrap
metal is completely melted so that the arc length and
demanded current do not vary significantly [9].

There are many publications in the literature related
to EAF modeling [10-29]. Different methods are
used to describe the electrical arc in these studies.
In [10,11], balanced steady-state equations, which
are highly beneficial in computational work, are
presented. However, only the balanced state of
three-phase currents is considered in these
equations [12]. A few models presented in the
literature have been adapted from the stochastic
characteristics of the EAF, which are suitable for
voltage flicker analysis [13,14]. In [15,16],
differential equations based on time-domain
methods are brought forward. In time-domain
analysis, the parameters are specified according to
the harmonic source voltages and unbalanced three-
phase currents. One of the preferred methods for
analyzing the arc model in the time domain is based
on the Cassie-Mayr equations [16]. Cassie and
Mayr's equations are utilized for the low voltage
and high currents of the arc, respectively. In [17],
different Cassie-Mayr model variants have been
investigated and two generalized types of the
original Cassie—Mayr model are developed using a
large number of recorded actual data. In [18], the
characteristics of the arc is evaluated using the
physical principles of Mayr with a new EAF model
developed using the Monte Carlo method in
ATP/EMTP simulation environment. In [19], a
dynamic model of an EAF is presented for the
estimation of voltage flicker in a power
transmission network. The model is based on
simulating the varying resistance of an electric arc
in the time domain. The frequency-domain
characteristics of the EAF is analyzed in [20]. In
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[21], a linearization and approximation method is
proposed and the performance of the EAF has been
analyzed. In this method, the arc voltage can be
deduced adaptively depending on the arc current by
examining the V-I characteristic of the arc furnace.
Esfahani and Vahidi [22] carried out a study using
the actual values of EAFs of the Mobarakeh Steel
Company and come up with a new stochastic model
of EAF based on Hidden Markov theory. The
effects of flicker have been investigated through a
designed IEC flicker meter. In [23], a mathematical
model has been constructed wusing the
experimentally obtained average dynamic Volt-
Ampere  characteristics. In [24], another
mathematical EAF model based on field data is
developed using an ellipse equation. In [25], a
detailed model of the EAF has been built up by
using a multibody dynamics (MBD) environment
with the finite-element method (FEM). The effects
of the arc dynamics and magnetic induction among
the phases have been analyzed through a
multiphysics approach. In recent years, the number
of studies [26-28] on EAF modeling by taking
advantage of artificial neural networks (ANN) and
field data has increased. In [26], a data-driven
neural-network-based nonlinear model has been put
forward for the EAF v-i characterization of the time
and frequency domains. In [27], an EAF model has
been addressed by considering the time-varying arc
length as the input parameter of the ANN to
generate the voltage and current waveforms of the
EAF. In [28], a hybrid discrete wavelet transform
(DWT) and radial basis function neural network
(RBFNN)-based approach has been introduced to
model the dynamic voltage-current characteristics
of the EAF. In [29], new models based on long
short-term memory (LSTM) networks that are
compatible with different operating conditions of
the EAF have been developed. In [30], two
improved EAF models based on the Schavemaker
model, in which the time-varying behaviors of the
model parameters are characterized by ARMA
models, have been derived. Two recently published
papers [31,32] focusing on the optimization of EAF
parameters are brought to the attention. In [31], a
multi-objective optimization technique has been
recommended for the estimation of the EAF
parameters under different conditions in a steel
plant in Saudi Arabia. In [32], several optimization
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algorithms have been combined and used to
increase the efficiency of the EAF and reduce
energy consumption by minimizing controllable
losses. In [33], the parameters and characteristics of
several time-domain methods, such as piecewise
linear, modified piecewise linear, hyperbolic, and
exponential, have been optimized using genetic
algorithm and particle swarm optimization for EAF
modeling and simulation.

This paper presents a dynamic model of the EAF
based on nonlinear time-variant resistance in the
time domain for voltage flicker analysis in electrical
power systems. In the dynamic model of the EAF,
the arc length can be adjusted to simulate the current
and voltage waveforms under different EAF
operating conditions. A flicker meter in compliance
with the International Electrotechnical Commission
(IEC) standard has been designed to measure the
short-term flicker severity index caused by the EAF
in the power system. The suggested dynamic model
of the EAF is verified through simulation studies by
comparing it with the field data-based model.

The remainder of this paper is organized as follows.
Section 2 presents the design and modeling of the
EAF. In Section 3, the model of a digital
flickermeter designed in PDCAD/EMTDC
environment based on IEC standard 61000-4-15 is
described. The simulation results are discussed in
Section 4. Finally, Section 5 provides the
conclusions and significant contributions of this
study.

2. DESIGN AND MODELING OF THE
EAF

To simulate the stochastic behavior of the EAF, it is
necessary to have a dynamic and robust
mathematical model that can adapt to different
operating conditions such as charging, drilling,
melting, and refining. In this study, a mathematical
model based on the Cassie arc equation equipped
with arc-length modulation has been developed.
The EAF can be modeled by a variable arc
resistance R, for each phase, and can be described
dynamically by the following differential equations
[34]:
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where J. is represented as the de-ionizing time
constant (also called relative rate of conductance
decrease), Veqris defined as the instantaneous value
of the arc voltage, and V. indicates the asymptotic
arc voltage reached when the arc current (iu.) goes
to infinity as given in Eq. (3).

Ve = lim (V,,,) 3)

arc
Lare =

The arc length varies according to the power system
of the EAF to be modeled and is inversely
proportional to the arc current. Arc length consists
of two parts as the constant arc length and the arc
length modulation. The constant arc length is
adjusted to acquire the operating region at the rated
power of the EAF. The arc length modulation is
then applied to model the fluctuations in currents
occurred by the EAF and is the part representing the
"flicker" actually. In Eq. (4), Vae is expressed
independently of the arc current [35]:

V,.=A+Bl,+BAl(t)= A+ B(l,+Al(1)) 4)
where 4 is a constant denoting the voltage drop in
the anode and cathode electrodes of the EAF, B is
the voltage drop per unit length across the arc, and

I, is the arc length. The arc-length modulation is
realized by controlling 4l(?), as described in Eq (5).

Al(t)=Dsin27x f,t (%)

where D is the parameter that adjusts the flicker
level, and f;, is the modulation frequency.

In this study, sinusoidal modulation has been
preferred, in which a single modulation frequency
(fm) is used to represent all fluctuations within the
worst case. Sinusoidal modulation can be
implemented by using a modulation frequency
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changing with time. To simulate a practical EAF
adequately, the characteristic arc-length
fluctuations have to be determined by taking field
measurements. Another way of controlling the
desired flicker level is to create random flicker

Tahsin KOROGLU

modulation with a band-pass-filtered white noise
signal. To band-limit the noise, a fourth-order-
band-pass filter with the cut-off frequencies of 4 and
14 Hz is used. The amplitude of the noise could then
be tuned to obtain the desired flicker level.

154 KV, 50 Hz

EAF Transformer

@ & Ve%;l_/a
E \%
o ~
e =
Series Reactor iarc_a R=0 O I
f v \ I
0.158 [ohm] 0.02514 [H] 0.0168 [H] Vedf b
60.0 [MVA] Y 45.0 [MVA] V; -
0.158 [ohm] 0.02514 [H] 0.0168 [H] iarc b R=0 |
| o Lo\ e s
0.158 [ohm] 0.02514 [H] 154.0 [kV] 0.0168 [H] 34.5 [KV] Vedf ¢
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. R=0
iarc_c q
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Figure 2. Simulation model of the arc equation and

The simulation model of the arc equation and arc-
length modulation implemented for a single phase
is demonstrated in Figure 2. The EAF is modeled as
a controlled voltage source (Veq). The arc voltage
(Vare) 1s obtained using Eq. (4) and is utilized in the
calculation of arc resistance (Ra.). The EAF voltage
is found by multiplying the measured arc current
(iare) with the calculated arc resistance (Ru-). The
initial value of R, is defined as 0.001 ohm, and the
integral time constant is 0.0003 s. The solution time
step is specified as 20 us in PSCAD/EMTDC.

The simulation parameters of the power system and
EAF are provided in Table 1. In the developed
model, the EAF has a rated power of 40 MW and is
connected to the PCC at a 34.5 kV voltage level
with a 0.75/34.5 kV distribution transformer and a
serial reactor. It is connected to the transmission
line with a 154/34.5 kV step-down transformer.

The transmission line impedance is calculated in

accordance with the actual system values, and the
parameters of the transformer are determined by
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taking the transformer label values used in field
applications as a reference.

Table 1. Simulation parameters

Parameter Value
Utility Grid (HV 154 KV, 50 Hz
source)
Grid Impedance (Zs) 0.158 Q +25.14 uH
HV/MV Power 154/34.5 kV, 60 MVA, %Uk=
Transformer 14%
MV/LV EAF 34.5/0.75 kV, 45 MVA,
Transformer %Uk= 9%
Serial Reactor 16.8 uH
Three Phase EAF 24 MVAr, pf=0.85
Arc length (/o)=33.7 cm
Frequency modulation (f)=
8.8 Hz
A=40 V, B=10 V/cm, D=5
3. IEC FLICKERMETER

A flickermeter is an apparatus that can detect any
fluctuation in the input voltage signal and calculate
an output (short-term and long-term flicker severity
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indices) representative of human visual sensation.
The flickermeter simulates the dynamic and
nonlinear characteristics of the lamp-eye-brain
response to define the level of flicker that causes
irritation to the human eye. This paper presents a
digital flickermeter designed in PSCAD/EMTDC

based on IEC standard 61000-4-15 [36], which is
widely used to assess flicker severity in practical
applications. The flickermeter consists of five
series-connected functional blocks, as shown in
Figure 3.

Simulation of Lamp-Eye-Brain Response

A
r h)
BLOCK 1 BLOCK 2 BLOCK 3 BLOCK 4 BLOCK 5
Detector and “Squaring aB
Gain Control Multiplier” 3 1 f--- Range .
® 0 | | Selector SEuETiE 1st order On-line B
u I~ 2 L it st
X H H H>H o . °H sliding [y statistic
Input [ e L= | o i %hY Muttiplier (1 - an fitter analysis [ p,
“Normalization” 0.05 35 Hz 88 Hz \ it
Statistical
Input voltage adapter Demodulator High Pass, Low Pass and Weighting Filters Squaring and Smoothing Evaluation
Lamp Model Eye Model Brain Model
Pinst(t)

Figure 3. Block diagram of flickermeter model based on the IEC 61000-4-15 [36]

Block 1 is a voltage adapter scales the input voltage
level down to an internal reference without
changing the voltage fluctuation. The output of
block 1 is the normalized signal obtained by
dividing the input voltage by its effective value
(RMS) at the grid frequency (50 Hz). Block 1
provides a flicker measurement independent of the
actual input carrier voltage level.

Block 2, which contains a squaring demodulator to
remove the voltage fluctuation from the normalized
input signal at the grid frequency, is used to
simulate the behavior of an incandescent lamp. The
output of block 2 consists of a dc offset, flicker-
causing component, and some higher-frequency
signals [37].

Block 3 is composed of two filter (band-pass and
weighting) circuits in series with each other and
simulates the behavior of the human eye. The band-
pass filter incorporates first-order high-pass and
low-pass filter sections. The 1% order high pass filter
(3 dB, 0.05 Hz cutoff frequency as identified in the
standard) is used to eliminate the DC offset of the

of the high-pass filter is given in Eq. (6).
Subsequently, a low-pass filter (6" order
Butterworth filter with a 3 dB cutoff frequency of
35 Hz for 230 V, 50 Hz systems) is applied to
remove the double mains frequency ripple
components caused by the squaring demodulator
block. The transfer function of the low-pass filter is
expressed as Eq. (7) and the coefficients used in the
equation are provided in Table 2. The weighting
filter models the behavior of the lamp—eye system.
It is a band-pass filter at the resonant frequency of
8.8 Hz with a gain of 1 [38]. It simulates the
frequency response to sinusoidal voltage
fluctuations of a coiled filament gas-filled lamp (60
W-230V) combined with the human visual system.
The transfer function of the weighting filter is
defined in Eq. (8) and the coefficients used in the
equation are presented in Table 2 with respect to the
IEC standard [36]. The range selector specifies the
susceptibility of the flickermeter by modifying the
gain as a function of the amplitude of the voltage
fluctuation to be measured [39].

s
. G  (s)=— 6
demodulator (block 2) output. The transfer function i (5) s+ 270.05 (6)
1
Gluw(s) = 2 3 4 5 6 (7)
1+5, ESJ +b, (S] +b, [S) +b, [SJ + b, [SJ + b (SJ
WC WL‘ W(.‘ WC WC WC
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kw,s
G . (s)= 1 8
netghtmg( ) S2 + le + le s s ( )
I+— || 1+—
w, w,
Table 2.The low pass and weighting filter
parameters
Coefficient |Value [Coefficient | Value
b; 3.864 |k 1.74802
b, 7.464 |2 2w (4.05981)
bs 9.141 wi 2w (9.15494)
by 7.464  |w; 2w (2.27979)
bs 3.864 |w; 2w (1.22535)
bs 1.000 |wy 2w (21.9)

The fourth block includes a squaring multiplier to
simulate the nonlinear perception of the flicker and
a first-order sliding mean filter to simulate the
memory effect in the human brain. The first-order
sliding mean filter is derived using Eq. (9), with a
time constant (t) of 300 ms. The output of Block 4
gives the instantaneous flicker sensation, Ping(t),
which is then used in the statistical analysis to
estimate the short-term flicker severity (Ps) and
long-term flicker severity (Pi).

1
1+7s

G.Yl[d[ng ()= ©)

A statistical assessment of the instantaneous flicker
has been implemented in Block 5 to come out the
short and long-term flicker severity, Ps and Py,
respectively. The designed flicker meter has been
validated by applying the test procedures described
in the IEC standard [36], and the error rates obtained
according to the performance test results are below
the specified tolerance range. The Py is evaluated in
a 10-minute time duration, while the Py is calculated
for a 2-hour time period. The statistical calculation
required to evaluate the 10-minute Py prescribed in
the IEC standard (IEC-61000-4-15) is given below
[36]:

(10)

st

+0.28 B, +0.08 P,

10s 50s

B \/0.03 14 B, +0.0525 P_+0.0657 P,
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where:

Py, :(P30+P50+P80)/3

Py, =(Pg+Py+P (+P;+P ) /5
P, =(P,,+P,+P,) /3

P =(Py; +P +P ;) / 3

(In

Here, 0.0314, 0.0525, 0.0657, 0.28 and 0.08 values
are the weighting coefficients [40]. Py is the xth
percentile of the Pin values logged during a
specified observation time interval, where x is 0.1,
0.7,1,1.5,2.2,3,4,6,8,10, 13, 17, 30, 50, and 80,
respectively [41].

The following formula can also be used to obtain
the long-term flicker severity, Py, for the last 120
minutes by taking 12 samples of Py:

(12)

where Py is the long-term flicker coefficient, Py is
the kth consecutive value of the short-term
coefficient, and N=12 is the number of Py levels
taken to compute the Py coefficient [41].

4. SIMULATION RESULTS AND
DISCUSSION

The EAF has been modeled as a voltage-controlled
nonlinear load on the secondary side (0.75 kV) of
the EAF transformer. The arc length (/y) has been
chosen as 33.7 cm, the frequency modulation has
been determined as 8.8 Hz and the parameters of the
arc modulation have been assigned with respect to
the values given in Table 1. The voltage and current
waveforms of the EAF on the low-voltage side of
the EAF transformer are displayed in Figure 4. The
variation in the arc resistance over time and the i-v
characteristic waveform of the EAF at the
secondary side (0.75 kV level) of the transformer
during balanced operation are depicted in Figure 5
and 6 respectively.
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Figure 4. (a) EAF voltage (V.,) waveform at 0.75
kV level of the EAF transformer (b) Arc
current (i..) waveform at 0.75 kV level
of the EAF transformer
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Figure 5. The variation of the arc resistance over
time

Veaf (V)
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Figure 6. i-v characteristic waveform of the EAF at
the secondary side (0.75 kV level) of the
transformer
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The current and voltage waveforms of the EAF seen
from the high-voltage side of the EAF transformer
and the i-v characteristic curve obtained at the
primary side of the EAF transformer during
balanced operation are illustrated in Figure 7 and 8
respectively.

The short-term flicker severity (Ps) during stable
operation of the EAF is shown in Figure 9. The Py
has been obtained as 5.253 when the arc length is
33.7 cm and the flicker level affecting the arc length
modulation is 5.

(@)
Vet (kV) /= Ph-Am Ph-B = Ph-C

[Between time interval
1.0and 1.1 s]

P [Zoom in]

Veat (kV) [Ph-A Z
3o Vet KV PR-AL

20
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0 -
-10 A
-20 A
-30
15
1.0
0.5
0
-0.5
1.0
TS0 A 12 13 14 15 16 17 18
Time (s)
Figure 7. (a) EAF Voltage (V.. waveform at 34.5
kV level of the EAF transformer (b) Arc
Current (i,.) waveform at 34.5 kV level
of the EAF transformer

iarc (kA) [Ph-A] (b)

Veaf (kV)

5 Kl 05 o 0s 1 15
iarc (kA)

Figure 8. i-v characteristic waveform of the EAF at
the primary side (34.5 kV level) of the
transformer
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The harmonic content of the arc current for phase A
and the total harmonic distortion (THD) during
stable operation of the EAF are provided in Table 3.
It can be inferred that the amplitudes of the 3™ and
5™ low-order harmonics are high in the arc current
at the primary side of the EAF transformer, and the

Tahsin KOROGLU

resistance, the arc voltage, and the power factor
increase. Figure 11 shows that the short-term flicker
severity sets from 3.145 to 6.251 during the arc
length and flicker level change.

Table 3.Harmonic content of the arc current

THD is 10.63%. (Phase-A)
Harmonic Percent | Harmonic Percent
16 Py 1,=33.7 cm, D=5 ;rder (%) order (%)
141 undamental | 100 17 0.104
15 2 2233 |18 0.367
1g 1 2253 3 4.834 19 0.309
2] % 4 1241 |20 0.365
4 - T 5 8.534 21 0.228
g 1 ' 6 0.514 22 0.389
0 1 2 3 4 5 6 7 8 7 2.074 23 0.302
Time (s) 8 0.465 24 0.393
Figure 9. Short-term flicker severity during the 9 0.908 25 0.273
stable operation of the EAF 10 0.645 26 0.387
11 0.976 27 0.416
Figure 10 represents the simulation results for the 12 0.373 28 0.490
arc length and flicker-level change. When the arc 13 0.428 29 0.508
length increases from 33.7 cm to 37.5 cm and the 14 0.406 30 0.626
flicker level changes from 3 to 5 at t=3 s, it is clearly 15 0.279 31 0.667
> 16 0.460 THD 10.63

seen that the arc current, the active and reactive
powers of the EAF decrease while the arc

1,=33.7 cm, D=3 -» 1,=37.5 cm, D=5 1,=33.7 cm, D=3 - 1,=37.5 cm, D=5

60 iarc (kA) a) 50 Peaf (MW) d)

40 40+ R

22: 30- 38.52 MW

-204 204 25.91 MW

-404 104

-60 0

600-Vea (V) B) 0 Qeat (MVAR) e)
400+ 254

2004 20+ 24.1 ,aVAR 13.8 MVAR

0+ 154

-200- 104
-400 5+
-600 0

600 Rarc (MQ) c) 1.0 pfeaf f)
500

400 0.857

300 0.9 o

2004 U ’ J oo B WWW
b L HI!I@ | MJJMM SO I R S e

26 27 28 29 30 31 32 33 34 26 27 28 29 30 31 32 33 34
Time (s) Time (s)

Figure 10. Simulation results during the arc length and flicker level change (a) Arc current (i) waveform
at 0.75 kV level of the EAF transformer for phase-A (b) EAF voltage (V..) waveform at 0.75
kV level of the EAF transformer for phase-A (c¢) The arc resistance (R..) for phase-A (d) The
active power of the EAF (e) The reactive power of the EAF (f) The power factor of the system
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Figure 11. Short-term flicker severity during the
arc length and flicker level change

5. COMPARISON WITH
OPERATION DATA

ACTUAL

To show the effectiveness of the dynamic model of
the EAF, another model based on actual operation

data is developed in PSCAD/EMTDC, as presented
in Figure 12. Field data is collected from an iron and
steel factory located in Iskenderun, Turkey, with a
sampling rate of 3.6 kS/s. It consists of variable
resistance and inductance, which are computed
using the measured values of the instantaneous line-
to-neutral voltage and line current of the EAF on the
MYV side. Hence, the real dynamic behavior of the
EAF is represented by a variable resistor and an
inductor in each phase. The field data is recorded
within one minute duration when the EAF is in the
refining operation mode. Figure 13 shows the
variation in the arc resistance and inductance for
each phase over time.

—0
Ra
FIELD DATA Ro
Re
La
Lb
mop Le
g Q data.txt @
o |3 data.txt
—4, —4,
iL v I
0.158 [ohm] Ra La
S A A la A laf
15KV 50 Hz TR 100.0 [MVA]
’ R=0 0.158 [ohm] 002514 [H] VA Ea Sy o
(9" BB — 1S 8#1\(&2 lf b
0.02514[H] VB Ep Rb Lb
Qe c 0'1mhm] dl . Tl clsom C i
N 345[KV]
002514[H] Vg Ec 4 4
: l |u
< 5 0 = Re Lc
73
alg
ﬂolj Iiﬁ FIELD DATA BASED ELECTRIC ARC FURNACE MODEL
Ps Qs

Figure 12. Simulation model of the EAF based on the field data

As in the dynamic model of the EAF, the network
is designed to be 154 kV, 50 Hz and the short-circuit
power is taken as 3000 MVA. The step-down
transformer is modeled as having a conversion ratio
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of 154/34.5 kV, a rated power of 100 MVA, and a
%Uk (the transformer short-circuit impedance
voltage) of 12%. time.
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Figure 13. Arc resistance and inductance values for each phase
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Figure 14. Current, active power and reactive power waveforms of the EAF
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The three-phase currents drawn by the EAF (Zy; 1y,
and /), active power of the EAF (P.,), and reactive
power of the EAF (Q.y) are shown in Figure 14.
When the current waveforms are examined, it is
clear that a random flicker occurs instead of a
sinusoidal flicker, unlike the dynamic arc furnace
model. However, it is understood that the i-v
characteristic of the EAF obtained from the model
based on the field data, which is presented in Figure
15, is similar to that of the developed dynamic
model.

Veaf (kV)

15 - 0.5 0 05 1 15

iarc (kA)

Figure 15. i-v characteristic waveform of the EAF
with field data

6. CONCLUSION

An accurate and dynamic mathematical model of
the EAF, whose parameters can be adjusted
according to different operating conditions, is
needed to analyze the voltage flicker problem and
offer solution alternatives. In this study, a dynamic
EAF load model in the time domain has been
developed by considering the rapidly changing,
unstable, and nonlinear behavior of the electrical arc
over time. The EAF model has been verified
through  simulation studies performed in
PSCAD/EMTDC environment. Moreover, the
simulation results of the dynamic model of the EAF
have been compared with the results obtained from
the model based on the field data collected from an
iron and steel factory located in Iskenderun. The
current-voltage characteristic of the dynamic EAF
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model clearly shows the stochastic change of the arc
length. The arc caused by the EAF load at the
busbar voltage was evaluated by measuring the
short-term flicker intensity index using a flicker
meter designed in accordance with the IEC 61000-
4-15 standard. It has been shown that the developed
EAF model and designed flicker meter can be used
to identify and analyze voltage flicker problems. It
is envisaged that the developed EAF model will
constitute a preliminary step for practical
applications and assist in evaluating solutions that
will alleviate the effect of EAFs on power systems.

Further research will focus on modeling the ladle
furnace (LF) load and analyzing different power
quality ~ problems such as  harmonics,
interharmonics, and current/voltage imbalances
caused by EAF and LF loads in the power system.
In addition, studies will be carried out on C-type
harmonic filter designs and modeling of custom
power devices such as Static Var Compensator or
Static Synchronous Compensator to solve these
problems.
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Abstract

Music genre recognition is one of the main problems in infotainment tools and music streaming service
providers for different tasks such as music selection, classification, recommendation, and personal list
creation. Automatic genre recognition systems can be useful for different music-based systems, especially
different music platforms. Therefore, this study aimed to classify music genres using machine learning. In
this context, GTZAN dataset consisting of 10 classes was used. In this dataset, data augmentation was
applied by segmentation. Each record of 30 seconds was divided into 10 parts, increasing the number of
samples in the dataset by a factor of 10. Then, features were extracted from the audio signals. The resulting
features are chroma, harmony, mel frequency cepstral coefficients, perceptr, root mean square, roll-off,
spectral centroid, tempo, and zero crossing rate. The types, variances, and averages of the obtained features
were used. Thus, 57 features were obtained. This feature set was pre-processed by delimiting the decimal
part, standardization, and label encoding. In the last step, classification was made with different machine
learning methods and the results were compared. As a result of hyperparameter optimization in the Extra
Tree model, 92.3% performance was achieved. Precision recall and f-score values are 92.4%, 92.3%, and
92.3%, respectively. As a result, an efficient and high-performance model in music genre recognition was
created.

Keywords: Machine learning, Music genre recognition, Extra tree classifier, Segmentation

Makine Ogrenimi Yontemleriyle Hibrit Ozellik Vektoriine Dayah Miizik Tiirii
Tamma

Oz
Miizik tiirii tanima, miizik se¢imi, siniflandirma, 6neri ve kisisel liste olusturma gibi farkli gorevler igin

bilgi-eglence araglarinda ve miizik akisi servis saglayicilarinda ana sorunlardan biridir. Otomatik tiir tanima
sistemleri, farkli miizik tabanli sistemler, 6zellikle farkli miizik platformlari i¢in yararli olabilir. Bu sebeple,
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bu c¢alismada makine 6grenmesi kullanilarak miizik tiirlerinin siniflandirilmasi amaglanmigtir. Bu
kapsamda 10 simiftan olusan GTZAN veri seti kullanilmistir. Bu veri setinde, segmentasyon ile veri
biiylitme uygulanmuistir. 30 saniyelik her kayit 10 parcaya boliinerek veri kiimesindeki 6rnek sayis1 10 kat
artirtlmigtir. Daha sonra da ses sinyallerinden 6znitelikler ¢ikarilmistir. Ortaya ¢ikan 6znitelikler, renk,
uyum, mel frekansi kepstral katsayilari, algilayici, kok kare ortalama, yuvarlama, spektral merkez, tempo
ve sifir gecis oranidir. Elde edilen 6zniteliklerin tiirleri, varyanslari ve ortalamalart kullanilmistir. Béylece
57 6znitelik elde edilmistir. Bu 6znitelik seti, ondalik boliimiin siirlandirilmasi, standardizasyon ve etiket
kodlamas: ile dnceden islenmistir. Son adimda ise farkli makine 6grenmesi yontemleri ile siiflandirma
yapilmis ve sonuglar karsilastirilmistir. Extra Tree modelinde hiperparametre optimizasyonu sonucunda
%92,3 performans elde edilmistir. Kesinlik, hatirlama ve f-skoru degerleri sirasiyla %92,4, %92,3 ve
9%92,3'tiir. Sonugta, miizik tiirli tanimada verimli ve yiiksek basarima sahip bir model ortaya ¢ikarilmistir.

Anahtar Kelimeler: Makine 6grenmesi, Miizik tiir tanima, Ekstra aga¢ siniflandirma, Boliinme

1. INTRODUCTION

Another way that people use to convey their
feelings, feelings, or thoughts to the other party
other than speech is music. Studies on music have
been attracting a lot of attention recently.

There are various types of music that allow different
people to have different musical preferences. The
concept called music genre is actually the definition
of a piece of music. It can be edited based on
historical and cultural roots and also indirectly
evokes the types of techniques and instruments used
in the piece [1]. Each culture has its own melodies,
unique sayings, and many works that have survived
from the past to the present day using its own
instruments.

With people being able to listen to all kinds of music
and have easy access to them, the authors have
started to be more influenced by different cultures.
These works, which were produced from different
cultures over time, resembled each other and
formed certain musical genres. These types of
music differ from each other in terms of rhythm,
timbre, tempo, and melody.

In classification studies about music, it is seen that
classification studies are carried out in breakdowns
such as music genre, artist, user tags, and mood [2].
The structure of such works is based on melodic
content.
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People can group the type of music with their senses
and feelings [3]. However, species classification
with computer systems is a more complex process
than with humans. In order to manage this complex
process and to use computer systems in the field of
music, a branch of science called Music Information
Retrieval (MIR) has emerged. Music genre
recognition (MGR) is one of the most important
MIR field of study such as emotion recognition
from music [4,5].

Especially nowadays, digital platforms want to
serve their users better by offering similar
recommendations to the genre of songs they like.
For this purpose, they use machine learning and
deep learning methods to increase the success of
music genre recognition.

With the increasing number of digital systems and
the data they produce, the data size is growing
exponentially in many areas. This situation makes it
difficult to work in many areas such as organizing,
cleaning, and classifying content in different data
types [6]. Based on this, a lot of work is being done
to automate some of these processes. The increasing
number of music makes such classification
problems more difficult. Since it is not possible to
manually classify and tag millions of music
manually, this problem is tried to be solved by
making users tag online.
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Musical works can also be divided into different
subgroups and it is processually appropriate to
classify them with automated systems [7]. In this
case, a precise and efficient MGR system is
required to better retrieve music content.

Basically, an MGR system consists of two main
parts: [7] The process of extraction of features and
classification. As with many other classification
problems, the features used in the classification of
musical genres have a direct impact on the
performance of the study. As for the classifier, there
are studies using both machine learning and deep
learning algorithms. The biggest advantage of deep
learning is that it is possible to proceed through a
single model without considering the feature
extraction and classification processes separately.

When previous studies were reviewed, Gwardys
and Grzywczak [8] achieved 78% accuracy on the
GTZAN dataset for music genre recognition using
Convolutional Neural Network (CNN) with
Support Vector Machine (SVM).

On the other hand, Durdag and Erdogmus [9]
transformed music into images in their study and
tried to make recognition by establishing a
relationship between the colors in the image and the
music. They achieved recognition of 60% in the
data set consisting of 5 different types of Turkish
music and 54% in the GTZAN data set containing
10 different genres of music.

Arslan [10] made music genre recognition on the
GTZAN dataset. Mel Frequency Cepstral
Coefficients (MFCC) are used as the feature and
Random Forest, Extra Tree, and Extreme Gradient
Boosting (XGBoost) algorithms are used as a
classifier. The highest accuracy rate was 90.5%
with the XGBoost algorithm.

Le Thuy et. al. [11] achieved a 98.97% recognition
rate by augmenting data on the Small Free Music
Archive (FMA) dataset in their study and using mel
spectrogram features as input to the DenseNet121
model.
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Sharma et. al. [12], using the GTZAN dataset,
studied both 4 music genres and 10 music genres.
According to the method they proposed, they made
72.7% and 95.8% recognition for 10 classes with
Ensemble Bagged Tree and Wide Neural Network,
respectively.

Ashraf et. al. [13] used 4 different hybrid models
including CNN and Recurrent Neural Network
(RNN) varieties on the GTZAN dataset for music
genre recognition in their study. They chose Mel-
spectrogram and MFCCs as features. For MFCC,
the hybrid model using CNN and LSTM achieved
the highest accuracy with 76.40%, while the model
using CNN and Bi-directional gated recurrent unit
neural network (Bi-GRU) for the mel-spectrogram
achieved the highest accuracy with 89.30%.

Yin [14] preferred GTZAN, FMA, and JUNO
datasets. In his proposed method, the images were
entered into CNN as mel spectrograms obtained
over music signals and the classification process
was completed with fully connected layers. With
the use proposed MR-DCNN model, 63%, 78% and
89.7% recognition was achieved for the FMA,
JUNO and GTZAN datasets, respectively.

Zhang [15], compared CNN and RNN with
machine learning methods such as decision trees,
random forest, achieved the most successful
recognition rate with 78% using RNN.

Prabhakar et. al. [16] used GTZAN, ISMIR 2004,
and MagnaTagATune as datasets. In this study, 5
different models were examined. Both machine
learning algorithms and deep learning algorithms
were analyzed. On the machine learning side, voice
properties including LLDs, HSFs, pitch, and NMF
properties were used, while on the deep learning
side, spectrogram was used as a feature. Among
these 5 analyses, the best result is the BAG model,
which consists of a combination of Bi-LSTM
(Bidirectional Long  Short-Term  Memory),
Attention and GCN (Graphical Convolution
Network). The highest success rate 93.51%, was
achieved with the BAG model in the GTZAN
dataset.
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Jakubec et. al. [17] used GTZAN as the dataset in
their study. They aimed to recognize an automatic
type of music for in-car infotainment. Gaussian
Mixture Model (GMM), SVM and K-Nearest
Neighbour (k-NN) were used as classifiers. The
features are MFCC, zero crossing rate (ZCR),
spectral centroid, spectral flux, spectral roll-off, and
chroma. The highest accuracy rate 69.7%, was
obtained with the k-NN classifier.

Hongdan et. al. [18] used the MSD-I, GTZAN and
ISMIR 2004 datasets in their study. SVM, k-NN
and VGG-16 Net classifiers were studied. Feature
vectors were created using BiLSTM. With the
VGG-16 Net classifier, the highest accuracy was
achieved in the GTZAN dataset with 97.8%.

In Singh et. al [19] studies, chromagram, MFCC,
spectral contrast, swaragram, tonnetz, STFT (Short
Time Fourier Transform), CQT (Constant-Q
Transform), mel-spectrogram and harmonically
separated mel-spectrogram were used as features. It
was analyzed with 8 different deep learning models.
Carnatic, GTZAN, Hindustani, and Homburg are
the datasets used. The highest recognition rate of the
M8 model was achieved with 98.28% in the
GTZAN dataset and 98.62% in the Hindustani
dataset. (feature mel-spectrogram).

The rest of the article is organized as follows: the
proposed methodology and materials used are
mentioned in the Section 2. The results obtained
with the proposed model are given in Section 3.
Section 4 presents discussions. In the last section, a
general evaluation of the study is made, and
suggestions for future studies are given.

2. MATERIAL AND METHOD

In this study, a method for automatic classification
of music genres is proposed and tested. The
architectural structure of the study is shown in
Figure 1.
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The first step of the model proposed in this study is
the selection of the dataset. GTZAN dataset, which
is one of the most widely used benchmark datasets
for music classification, was selected and used for
this study.

The GTZAN dataset consists of 1000 recordings of
10 classes. Each class covers 100 audio files, each
with a 30-second audio clip in 22,050 Hz — 16-bit,
.wav format, covering different genres of music:
Blues, Classical, Country, Disco, Hip-hop, Jazz,
Metal, Reggae, Rock, and Pop. This value can cause
excessive learning, poor model performance,
generalization failure, accuracy, and reliability
problems in the analysis. The number of class-based
samples should be increased to prevent this
situation. To do this, each 30-second recording is
divided into 10 parts. Thus, the data set was
increased by 10 times. As a result, a dataset
containing 1000 samples for each class was
obtained.

Later in the process, features were extracted from
the audio signals. The resulting features are chroma,
harmony, MFCC, perceptr, root mean square
(RMS), rolloff, spectral centroid, tempo, and zero
crossing rate.

The types, variances, and averages of the obtained
features were used. Using the GTZAN dataset, a
compact set of 57 features has been identified that
experimentally have proven to be efficient for
classifying songs by different music genres. This set
includes handcrafted song signal features, first and
second-order feature derivatives, and lower and
higher order feature statistics.

This feature set was pre-processed by delimiting the
decimal part, standardization, and label encoding.
Decimal parts increase up to 10 digits after feature
extraction. This sitution prevents both data
processing and learning stages from being efficient.
For this reason, decimal parts have been adjusted to
a maximum of 2 digits in the pre-processing stage.
Thus, while the classification performance is not
affected, the amount of data processed is seriously
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reduced. During the data standardization phase, the
data were scaled to fit the normal distribution (mean
0 and standard deviation 1). Then, data were into
training and testing data in a 90%-10%.

In this study, machine learning models were used as
classifiers. During the creation of a model, different
choices can be made in the design of the

Serhat HIZLISOY, Recep Sinan ARSLAN, Emel COLAKOGLU

architecture. It is not possible to directly decide
what the most appropriate model is. For this reason,
the tuning process was used for hyper-parameter
selection in the learning phase.

As the last step, classification was made with
different machine learning algorithms, and the
obtained values were compared.

GTZAN Dataset GTZAN Dataset
Feature vector
Data re-sampling by Feature
splitting into 3- Extraction 033,0.004,.9,1.%
second segments 1x87
10 genres with 100 10 genres with 1000
audio files, length of audio files, length of
30 seconds 3 seconds
Tuning models to find best
hyper-parameters
, T —
Pre-processing
o Truncate decimal l @ Leaming Process
points = 9%&
o Standardization Data for Q@‘\Q
o Label encoding Learning Models

Testing data Music Genre Recognition |—

Classification

pop
blues
reggie
jazz
disco
rock
classical
hiphop
metal
country

Figure 1. Architectural structure
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In Table 1, the feature extraction method and the  given.
number of features obtained for each audio are

Table 1. Features used in this study

Feature names Types Count
Chroma Stft chroma stft mean,chroma stft var 2
[Harmony harmony mean, harmony var 2
MFCC mfccl_mean,mfecl var,mfcc10_mean,mfccl0 var, 40

mfccll _mean,mfccll var,mfcc12_mean,mfccl2 var,

mfccl3_mean,mfccl3_var,mfccl4 _mean,mfccl4 var,

mfccl5 mean,mfccl5 var,mfccl6_mean,mfecl6 var,

mfccl7_mean,mfccl7 var,mfccl8 mean,mfecl8 var,

mfccl9 mean,mfccl9 var,mfcc2 _mean,mfcc2 var,

mfcc20_mean,mfcc20 var,mfcc3 mean,mfcc3 var,

mfcc4_mean,mfecd var,mfcc5_mean,mfec5 var,

mfcc6_mean,mfcc6 var,mfcc7_mean,mfec7_var,

mfcc8 mean,mfcc8 var, mfec9 mean,mfcc9 var
Zero Crossing Rate zero_crossing rate_mean, zero_crossing_rate var 2
Perceptron perceptr_mean, perceptr_var 2
RMS rms_mean_rms_var 2
IRoll-off rolloff mean, rolloff var 2
Spectral Bandwidth spectral_bandwidth mean,spectral bandwidth var 2
Spectral Centroid spectral centroid mean,spectral centroid var 2
Tempo tempo 1

2.1. Pre-Processing

The limitation of decimal parts, standardization,
and label encoding have been applied to the
features. Limiting the decimal part means cutting or
shortening the decimal part. That is, it refers to
converting the decimal part of a number to a less
precise value by cutting or rounding it to a certain
number of digits.

The standardization process [20] involves
transforming each feature so that it averages to 0
and its standard deviation to 1. In this way, the
features have the same scales, and it is ensured that
the features of different scales contribute to the
models in a balanced way.

Label encoding [21] is used to convert categorical
data into numeric values. This method allows
machine learning models to process categorical data
better. But it is suitable for sequential categorical
data. If there is no ranking or rating between
categories, this method should not be used. In such
cases, other conversion techniques such as One-Hot
Encoding may be preferable.
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2.2. Hyper-parameter Tuning

In this study, ExtraTree, which has the highest
performance, was used as a classifier. Hyper-
parameter optimization was performed for the
selected classifier, and the results shown in Figure
2 a,b,c, and d graphs were obtained.

The '™in_samples leaf [22] extra tree is a
hyperparameter used in machine learning models
like decision trees. This value determines the
minimum number of instances under a node. If the
number of samples under a node falls below this
value, then this node is considered a leaf node (does
not make branches), and no further divisions are
made in this node. According to Figure 2-a chart,
the highest accuracy value is reached when we take
min_samples_leaf i 1. Therefore, this value was
taken as 1 in the model and classified.

The Figure 2-b chart examines the effects of
min_samples_split values on model accuracy
values. "Min_samples_split" [22]. like the previous
hyperparameter is also a parameter used in machine
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learning models such as the extra tree, decision
trees, etc. This hyperparameter determines how
many minimum samples must be under decision
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trees before it can split a node. If the number of
samples under a node falls below this value, that
node is not divided and is considered a leaf node.

o

o

2 3 4 5 6 7 8 9 10 11 12 13 14

b) min_samples_split

o o °©
0.92
0.90 % %
o
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d) max_features

Figure 2. Hyper-parameter tuning

When the chart Figure 2-b was examined, the
highest accuracy value was reached when this
parameter value was 2. Therefore, this parameter
was determined as 2 in the model. In the Figure 2-c
chart, the total number of trees to be included in the
model is compared with the model accuracy value.
n_estimators' Extra Tree is a hyperparameter used
in the Random Forest or Gradient Boosting
algorithms. This hyperparameter specifies the total
number of trees to include in the model. According
to the Figure 2-c chart, the highest success rate was
obtained with 5000 trees. Therefore, this parameter
was given a value of 5000 in the model. The Figure
2-d chart compares the effects of max features
values on model accuracy. Max_features refers to
the number of characteristics to consider when
looking for the best distinction. When the chart was
examined, it was seen that the value selected as 20
offered the highest contribution to the model
accuracy.
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2.3. Feature Analysis

The importance of 57 Features used in the study
was compared in Figure 3.

Comparison of different Feature Importances

0.030 4

0.025 4

0.020 4

Feature Importances
°
°
e
&

0.010 4

0.005 1

0.000 -
[ 10 20 30 40 50
Feature Labels

Figure 3. Features in the acope of operation

The impact of the features used when creating a
machine learning model on process success varies.
This effect determines the degree to which features
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are cared for by the model. According to the graph

in Figure 3, the features in the order
0,4,8,18,20,29,30  (chroma_std mean, spectral
centroid mean, roll-off mean, mfccl var,

mfcc2 var, mfcc7 mean, mfcc7 var) are more
effective in the success of the model. It can also be
noted as a general comment that features after
feature 30 have lower effects on model success.

2.4. Classifier Selection

Within the scope of this study, machine learning

accuracy values were compared. The algorithms
used are Extra Tree, XGB, Random Forest, Logistic
Regression, Decision Trees, Linear Discriminant
Analysis, SVM, and k-NN.

3. RESULTS

In this study, music genre recognition was
performed by using machine learning algorithms
with the features extracted after data augmentation
by segmentation in the GTZAN dataset. All

algorithms were preferred as classifiers and  obtained results are listed in Table 2.
Table 2. Comparison of all results
Algorithm Accuracy Precision Re-call F1-Measure
SVM 88% 88.1% 88% 88%
Logistic Regression 73.7% 73.6% 73.7% 73.5%
K Nearest Neighbor 90.3% 90.5% 90.3% 90.3%
Decision Trees 66.1% 65.9% 66.1% 65.9%
[Extra Tree 92.3% 92.4% 92.3% 92.3%
LDA 70.3% 70.8% 70.3% 70.2%
XGB 89.2% 89.2% 89.2% 89.2%
IRandom Forest 89.5% 89.6% 89.5% 89.4%
The confusion matrices for the Extra Tree, from
R o oo o5 g which the highest accuracy value was obtained, are
.G 5 1 6 © o b shown in Figure 4 and Figure 5.
P T 0 4 0 1 2 2
J— 0 0 0 0 1 1 1 1 0 -¢A=E¥ 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.02 0.00
+«- 0 0 1 2 0 1 1 0 0 0.00 {eR:E] 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00
0.8
n- 1 5 1 1 0 JEEg O 0 0 0 2 4{0.04 0.01 jsR:%8 0.01 0.00 0.04 0.00 0.01 0.02 0.02
-0 2 0 0 0 0 0 1 6
0.00 0.00 0.00 [bE=E3 0.00 0.00 0.01 0.01 0.01 0.01
~~0 0 2 0 0 0 0 20 1 _ W
w=0 0 2 06 0 1 0 0 2 440.00 0.00 0.01 0.02 [eFE 0.00 0.01 0.01 0.00 0.00
a= 0 0 [gEN6Y 0 0 [ E 0.01 0.05 0.01 0.01 0.00 PP 0.00 0.00 0.00 0.00
o 1 2 3 4 5 & g 9 = r0.4
6 40.00 0.02 0.00 0.00 0.00 0.00 {+A=FR 0.00 0.01 0.05
Figure 4. Extra tree confusion matrix 0.00 0.00 0.02 0.00 0.00 0.00 0.00 [NER] 0.02 0.01
r0.2
When we examine the results in Table 2, the highest i e
accuracy value was obtained in the Extra Tree SH SR Rt

classifier and was 92.3%. In addition, SVM, k-NN,
XGB and Random Forest classifiers achieved
accuracy rates of 88% and above.
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Figure 5. Extra tree confusion matrix percentage
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The textual equivalents of the class labels used in
Figure 4 and Figure 5 are: 0-Blues, 1-Classical, 2-
Country, 3-Disco, 4-Hiphop, 5-Jazz, 6-Metal, 7-
Pop, 8-Reggae, 9-Rock. Here, the class with the
highest accuracy value is "Classical", and the lowest
accuracy value is "Rock".

Receiver operating characteristic for multi-class data

10

0.8

°
>

—— ROC curve of class 0 (area = 0.95)
’ —— ROC curve of class 1 (area = 1.00)
= ROC curve of class 2 (area = 0.86)
—— ROC curve of class 3 (area = 0.90)
= ROC curve of class 4 (area = 0.93)
—— ROC curve of class 5 (area = 0.95)
—— ROC curve of class 6 (area = 0.97)
—— ROC curve of class 7 (area = 0.98)
= ROC curve of class 8 (area = 0.94)
= ROC curve of class 9 (area = 0.81)

True Positive Rate

e
S

0.2

0.0 y T T T T
0.0 0.2 0.4 0.6 0.8 10

False Positive Rate

Figure 6. ROC curve

In the ROC curve, the y-axis is the positive ratio of
True (TPR). It is also called sensitivity. Sensitivity
(TPR) indicates the classification model's ability to
accurately predict the positive class. A high TPR
means that you are effectively predicting the
positive class. If the False Positive Rate is FPR, the
ratio of false positives (samples of negative class,
that are mistakenly predicted as positive) to the total
samples of negative classes. FPR indicates the rate
at which the negative class is mistakenly predicted
as positive. A low FPR indicates that the model
correctly predicted the negative class, minimizing
false positive predictions.

In an ideal situation, the TPR should be high (more
true positive predictions), and the FPR should be
low (fewer false positive predictions) so that the
ROC curve converges to the upper left corner. In
Figure 6, the ideal situation is realized. When the
AUC values produced by the model for each class
are examined, it is seen that it shows high
performance for other species except the Rock
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genre. For some classes, this value reached 1.00.
This means that the proposed model has high
performance regardless of class.

4. DISCUSSIONS

With the model developed within the scope of this
study, the highest accuracy value was obtained with
the Extra Tree classifier as a result of the
classification made with the features extracted after
the data augmentation process through
segmentation in the GTZAN dataset. (%92.3). In
addition, when examined on a class basis, the class
with the highest accuracy value is "Classical" (99%)
and the class with the lowest accuracy value is
"Rock" (82%).

One of the developers of this study (Arslan, 2021)
conducted the study of music genre recognition
with machine learning algorithms using the
GTZAN data set. His 2021 study used MFCC
features and the Random Forest, Extra Tree, and
XGBoost algorithms. The best result was obtained
with the XGBoost algorithm. (%90.5) The
difference of this study from the previous study is
that the data augmentation process was performed
through segmentation through the GTZAN dataset,
57 feature vectors were included in the process
except MFCC, and 3 different pre-processing steps
were performed on the data set. As a result, the
accuracy rate reached 92.3%.

Table 3 is the resulting table obtained when we
compare our study with similar studies conducted
recently. When we examine the table, it is seen that
the studies with a higher recognition rate than this
study are based on deep learning. However, the
results in all deep learning models are not more
successful than the developed model. Within the
scope of the studies examined, one of the best
results was obtained with machine learning
algorithms.
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Table 3. Previous studies

Study Dataset Features Classifier Accuracy rate (%)
Gwardys and Grzywczak
(2014) [8] GTZAN Deep Image Features SVM, CNN 78
< - 5-Class 60(5 Class)
g%rld%g[gl]ld Erdogmus Dataset Transformed Images DCNN 54
GTZAN (GTZAN)
{,lel]Thuy ct. al. (2022) FMA Mel Spectrogram DenseNet121 98.97
Q-Wavelet Transform, Teager
Sharma et. al.(2023) Energy Operator Timbral, Ensembl.e Bagged 72.7(10 class)
GTZAN Tree, Wide Neural
[12] Chroma, and Source 95.8(4 class)
. Network
Separation Based Features
76.40(MFCC)
Ashrafet. al. (2023) [13] |GTZAN MEFCC, Mel Spectrogram, CNN, RNN 89.30(Mel)
63(FMA)
Yin (2023) [14] ?JI\ZISNFMA Mel Spectrogram CNN 78(JUNO)
89.7(GTZAN)
CNN, RNN,
Zhang (2023) [15] GTZAN DWCH Machine Learning 78(RNN)
Algorithms
K-NN, Gaussian
Harmony, MFCC, Roll-Off, [Naive Bayes , SVM,
. Chroma, Spectral Centroid, |Random Forest, Ada
Yilmaz et. al. (2022)[23] |GTZAN Perceptual, Zero Crossing Boost ,Gradient L7
Rate Boosting , Logistic
Regression,XGBoost
LGNet (Locally
STFT Spectrogram, Mel ﬁg:gzi()i (I}\Ifgie\fte
Liu et. al. (2023) [24] GTZAN gpzzggggﬁ, CQT Bayes, SVM, LSTM, 82.43
pectrog ResNet, Bi-LSTM,
FCN, FCN-LSTM
Random Forest, Extra
Arslan (2021) [10] GTZAN MFCC Tree, XGBoost 90.5
SVM, Logistic
Chroma, Harmony, MFCC, |Regression,
Perceptual, RMS, Roll-Off, |K-NN, Decision
Proposed Method GTZAN Spectral Centroid, Tempo, |Trees, Extra Tree, 2.3
Zero Crossing Rate LDA, XGB, Random
Forest
5. CONCLUSION In the data set used, each 30-second record was

Over the years, different methodologies have been
proposed and tested for music genre recognition.
While some of these are based on visuals, others are
classified as sound-based. The approach of
extracting sound-based features, combining them in
a hybrid feature vector and classification with
machine learning methods for music genre
recognition has been adopted in this study.
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divided into 10 parts by segmentation, increasing
the number of samples 10 times, and this process
increased the performance of the recognition rate.

The model achieved an average -classification
performance of 92.3% with the Extra Tree classifier
after hyperparameter optimization. Obtained results
are given comparatively for different classifiers.
The advantage of the model is its high performance
with an uncomplicated structure.
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In future studies, we plan to modify the number and
types of features and analyze the results using deep
learning algorithms. In addition, the success of the
proposed model in different datasets and different
problems will be examined
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Abstract

Due to technological developments and competitive conditions, it is becoming more and more important to
gain customers and keep them. Association rules are one of the methods used effectively to determine
which products and services are more important and preferred by customers together. The aim of this study
is to determine the types of patterns purchased by a company operating in the forest products sector, using
the data of decor paper, which affects the cost the most, is used extensively in production and is difficult to
plan. This study was carried out with the Apriori algorithm in WEKA, which is widely used in association
analysis. It is thought that the association rules obtained from this study will enable the firm to determine
the purchasing behaviors of its customers by revealing the overseas model trends and associations. In
addition, this study will shed light on the company at the stage of determining the marketing strategy of the
company.

Keywords: Big data, Data mining, Association rules, Apriori algorithm, Market basket analysis

Etkin Bir Pazarlama Stratejisi Olusturmak i¢in Apriori Algoritmasi Temelinde
Miisteri Satin Alma Davramisinin Olciilmesi

Oz

Teknolojik gelismeler ve rekabet kosullari nedeniyle miisteri kazanmak ve elde tutmak giderek daha 6nemli
hale gelmektedir. Birliktelik kurallar1, hangi iiriin ve hizmetlerin miisteriler tarafindan birlikte daha 6nemli
ve tercih edildiginin belirlenmesi amaciyla etkin olarak kullanilan yontemlerden biridir. Bu ¢aligmanin
amaci, orman {riinleri sektdriinde faaliyet gosteren bir firmanin, maliyeti en ¢ok etkileyen, liretimde yogun
olarak kullanilan ve planlanmasi zor olan dekor kagid: verilerini kullanarak, satin aldig1 desen tiirlerinin
belirlenmesidir. Bu galisma, birliktelik analizinde yaygin olarak kullanilan WEK A'daki Apriori algoritmasi

ile gergeklestirilmistir. Bu c¢alismadan elde edilen birliktelik kurallarinin firmanin yurt dist model
trendlerini ve birlikteliklerini ortaya ¢ikararak miisterilerinin satin alma davraniglarini belirlemesine olanak

*Sorumlu yazar (Corresponding Author): Serap AKCAN, serapakcan@tarsus.edu.tr
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saglayacagi diisliniilmektedir. Ayrica bu ¢alisma firmanin pazarlama stratejisini belirleme asamasinda

firmaya 151k tutacaktir.

Anahtar Kelimeler: Biiyiik veri, Veri madenciligi, Birliktelik kurallari, Apriori algoritmasi, Pazar sepeti

analizi

1. INTRODUCTION

Increasing competition conditions and the ease of
instantly comparing the products demanded by
customers, thanks to technological developments,
make it increasingly difficult for companies to gain
customers and retain existing customers. Marketing
activities have become very important for
companies that want to survive in these conditions.
The right marketing activities should be managed
with the right marketing plan. It is important that all
activities, from promotions to campaigns, should be
in plan to gain new customers, to satisfy existing
customers and to increase awareness. But these
activities mean costs for the firm. Activities that are
not correctly positioned and analyzed will return to
the company as an extra cost rather than gain.
Marketing strategies determined only by experience
and knowledge are not sufficient in a period when
technology is so prominent and competition is so
intense. Companies need to use technology and data
science in order to stay one step ahead of their
competitors and make a difference.

Today, almost all companies use an ERP software.
ERP software; they are important structures used in
all departments of companies from accounting to
purchasing, from production to planning and
connecting all units and processes [1]. Thanks to
these systems, records of all works can be kept. But
this unprocessed and raw data is just a chunk of data
unless properly analyzed and made sense of. This is
where the concepts of data mining and big data
come into play. Data mining is making a large
number of data interpretable in line with desired
targets or categorizing the desired data from big
data [2].

Association rule mining is one of the analysis
methods used to detect purchasing tendencies and
behaviors of customers. If the rules formed after the
analysis are interpreted correctly, it can be a very
important guide when determining marketing
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activities. The knowledge of which products or
services customers give more importance to or
prefer together can also be beneficial in using the
budget spent for marketing activities more
effectively.

In the literature, it is possible to come across many
studies on association analysis and market basket
analysis in different fields. Angeline [3] focused on
predicting the performance of students by analyzing
data such as homework, internal evaluation tests,
participation performance in an educational
institution's database with the Apriori algorithm. In
the analyzes made, the students were classified as
good, average and below average. With this system,
it is thought that education can be given and
directed according to the level of the students. Qiao
et. al. [4] used association rules to analyze the
correlation between the prices of 6 types of
agricultural products they selected in 2014. They
concluded that there was a strong correlation
between the price of corn and the price of soybeans
in 2014. It is thought that the study will play a
positive role in price analysis and estimation of
agricultural products. Guo et. al. [5] proposed a new
method called MWLR for wind power estimation,
which is very important for wind energy
investments, which are at the forefront of renewable
energies and whose use is increasing. This method
generally consists of 4 parts. These are clustering
using the K-Means approach, using the Apriori
algorithm to discover association rules, estimating
the wind speed according to the chaotic time series
prediction model, and correcting the predicted wind
speed data using previously discovered related
rules. The results obtained as a result of the
simulations show that the MWLR method can
predict the wind speed effectively. Zulfikar et. al.
[6] conducted an association analysis by using the
sales history of more than 10,000,000 records of a
retail company named XMART, which has a
portfolio of more than 5,500 products, as a data set.
While performing the association analysis with the
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Apriori algorithm, the aim is to make the
promotions of the company more effective and to
provide inputs that will help to prepare a layout plan
using the rules. Xi et. al. [7] deduced that the
classification should include all four basic traffic
parameters as environment, vehicle, road and driver
while taking into account the causal factors of
traffic accidents in their studies. In the study, the
most important causal factors were ranked in order
of importance using the Analytical Hierarchy
Process (AHP) technique, and the degree of
accident and the level of impact were analyzed with
the Apriori association algorithm. In this way, it is
aimed to determine the type and severity of
accidents. Sevri et. al. [8] aimed to find the
associations between the qualities of independent
criminal records by using the Apriori algorithm. It
is expected that the rules of association that
emerged in the study conducted using the criminal
record data recorded in the USA in 2013 will be
useful for crime analysis. Considering the rules
formed between different criminal record
qualifications, it is possible to establish a
relationship between new and old events.
Mirmozaffari et. al. [9] with the knowledge that
approximately 60% of the world population has a
heart disease, using a clinical data set they
performed analyzes with the Apriori algorithm and
claiming that in the diagnosis of coronary heart
diseasesassociation analysis can be used to extract.
The data set consists of 209 samples and 8 features
and it is thought that the study will be a light for the
relevant doctors. Cho and Kim [10] aimed to
measure the text similarity between two texts based
on classifications algorithms. Beheshtian-Ardakani
et. al. [11] proposes a new model for product
classification and grouping in websites based on e-
commerce with market segmentation variables and
loyalty analysis. Customers were first grouped by
measuring their loyalty with the RFM (recency,
frequency, and monetary value) model, and each
group was divided according to the market
segmentation variable. RFM Analysis is an analysis
method performed by using transaction history
information according to how recently (recency),
how often customers shop (frequency) and how
much they spend (monetary value). By using the
Apriori algorithm, the rules for which products are
sold together are determined and the products are
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divided into certain groups. Then, which group of
products would be recommended to which group of
customers was determined by classification models.
The model proposed in this study increases the
chance of success as the target customers are
determined in direct marketing and adopts the idea
that the sales chance will be increased because it
recommends the product groups to the right
customer. Zainol et. al. [12] aimed to detect
cyberbullying cases by using the Apriori algorithm,
one of the association analysis algorithms in their
studies. Both the high level of trust and the excess
of rules at this level have revealed that association
rules are effective in detecting cyberbullying cases.
Kurnia et. al. [13] analyzed the sales data they
received from a fish restaurant and investigated
which of the products on the menu customers prefer
to buy together with the association analysis
method. It aimed to help the company create a
potential promotional strategy with certain product
combinations by interpreting user preferences with
the established association rules. Hidayat et. al.
[14], in this study, it is focused on the determination
of which products are associated with the behavior
of Breiliant cosmetics store customers by using the
market basket analysis method. Analysis was
performed using Apriori and FP-Growth
algorithms. Monthly sales transaction data of
materials in the Breiliant Store in November 2018
were used for the analyses. The most striking of the
results is the rule that Original Liquid Bleaching
Seeds, Harva Peeling Gel and Castor oil should be
sold together at the 30% confidence level.
Simanjorang and Sijabat [15] conducted an analysis
of customers' printing needs using sales data of a
printing company. In the analysis study using the
Apriori algorithm, it was tried to determine which
products were purchased or ordered together. The
rule has emerged that those who order cake boxes
at a support value of 55% and a confidence interval
of 90% are placing orders in the brochure. Dorling
et. al. [16] identified the genes most useful for
predicting breast cancer risk in their study and used
association analysis to provide estimates of risks
associated with protein truncation variants to guide
genetic counseling. Edastama et. al. [17] mentioned
in their studies that analyzing the sales data of
companies correctly will be beneficial to improve
sales and to deliver more effective product sets
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when determining promotional products. In the
study, which was conducted using the sales data of
a national optics company, association analysis was
used to determine the most popular and demanded
products as well as related products. It is aimed to
create useful information while determining the
sales and marketing activities of the company with
the rules formed as a result of the analyzes made
with the Apriori algorithm. Pan [18] performed
association analysis using the Apriori algorithm to
evaluate students' physical fitness based on physical
education data and to reveal hidden correlations
between physical fitness indices. It is thought that
the resulting rules provide an important guide for
university students for physical education test and
curriculum designs. Unvan [19] performed grocery
basket analysis with the sales data of any
supermarket on the Vancouver Island University
website. Apriori and FP Growth algorithms were
used to analyze association rules on the data set
containing 225 different products, but the Apriori
algorithm did not yield results because the data set
was multi-category. The first 10 rules given by the
FP Growth algorithm are interpreted. The product
placement study is aimed by using the established
rules. Zhao and Keikhosrokiani [20] proposed a
combination of various algorithms for sales
forecasting and product recommendation analysis,
considering the changing conditions during the
pandemic period. He used the RFM analysis
method to classify customers according to their
level, XGBoost and Random Forest algorithms for
purchase forecasting, and association rules theory
and Apriori algorithm for product forecasting. They
stated that this combination will provide
preliminary data to companies on both the
purchasing and marketing sides. Mirhashemi and
Mirzaei [21] used unified clustering algorithms and
association rules for better management of the
amount of water supplied to the Abyek Plain
irrigation network in Iran in their study. The study,
which uses K-Means algorithm for combined
clustering and Apriori algorithm for association
analysis, aims to provide a different perspective to
prevent water wastage since there is water shortage
and lack of precipitation in the Abyek plain.

Looking at the literature, no study has been found
in the forest products sector using the Apriori
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algorithm. Therefore, in this study, association rules
were tried to be determined by using real data
obtained from a company operating in the forest
products sector. For this purpose, decor papers with
88 patterns in the current color chart, which are
difficult to plan due to the diversity of the raw
materials purchased by the company, are selected
for association analysis. Considering these decors,
the company's monthly and annual melamine
coated particle board (MCPB) orders between
2009-2021 were determined and association
analyzes were carried out.

2. METHODOLOGY

The flow presented for the method and solution
used in the study is shown in Figure 1.

After the data is collected through SAP, the sales
data are exported. Then, the data are selected and
preprocessed according to the analysis process.
After this, the data is cleaned, filtered and
transformed in WEKA program so that the
association analysis can be done correctly. Finally,
the ready data set is analyzed with the help of
WEKA program and association rules are formed.

4

AR Excel wik
Data extraction via
SAP, the ERP Export and Export Data selection and
software nsed by the L registered sales data Preprocessing step
L company
Association Data cleaning,
Association Rules Analysis(Market filtering and
(Enowledge) Basket Analysiz ) transformation
ﬁ_ |
Excel o

W LKA

Figure 1. Flow chart for methodology
2.1. Association Rules

Many methods are used to detect purchasing
tendencies and decision-making behaviors of
customers. One of them is association analysis.
Association analyzes are analyzes that allow us to
see the strong or weak links in data sets around
certain rules. It is revealed how there is a connection
between the association analysis and the events that

C.U. Miih. Fak. Dergisi, 38(3), Evliil 2023



take place. The analyst sets a success rate when
launching the app, and rules equal to or greater than
this rate are determined by the app.

Association analysis is especially important for
companies' sales development strategies. The rules
obtained from this analysis constitute information
for the purchasing habits of the companies, for
choices such as which products will be placed in
catalogs or how they will be placed on the shelves.
Association analysis is also used in web page clicks
and in many other areas [22]. Because, while
calculating the basket analysis, the connection
between goods and services, support and trust
criteria are taken as basis. Association Rules,
calculated according to the level of support and
reliability, indicate the potential relationships of the
data. A strong Association Rule has great support
and a high level of credibility.

2.2. Market Basket Analysis

It is a type of analysis used to determine the
association and bond between the products
purchased by the customers in their shopping. It
gives important information to the companies about
the established association rules and the purchasing
habits of the customers. In the essence of this
information, the information about which product is
purchased with which product is learned. Market
basket analysis can be briefly defined as a technique
to find consumer habits from datasets [23]. In
market basket analysis, large datasets take into
account the purchasing patterns of users.
Association rules are the rules that emerge from the
analysis and are of great importance for finding
frequently purchased items and purchasing habits.
If item A is bought, then item B is bought as well
[24]. Market basket analysis, which is especially
used to determine marketing strategies, is to
determine the relationships according to the
analysis of the data formed according to the
consumption behaviors of the customers with the
association rules techniques.

2.3. Apriori Algorithm

Algorithms, such as Apriori, Eclat and Fp-Growth,
are used to search for association rules. Agrawal et
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al published the Apriori algorithm in 1993, making
a significant improvement in the extraction of
association rules. The Apriori algorithm gets its
name from the fact that it takes the information from
the previous step. With its publication, it has
become one of the most used association rules
algorithms [24].

The Apriori algorithm allows to use support and
minimum confidence parameters in order to find
useful, more accurate and desired rules from the
data set or related database [25]. In the analysis, the
minimum support value and the confidence
threshold are specified, and the rules above these
parameters are displayed and analyzed. Thus, it
allows for more flexible and desired analyzes in
large datasets or, on the contrary, smaller datasets.

Finding repetitive datasets from big data is one of
the jobs of data mining. The Apriori algorithm, on
the other hand, can not only find repetitive data sets,
but also includes topics such as hierarchical
relationship rules, sequential pattern creation, and
inferring meaning from the section. The Apriori
algorithm can be defined in three steps to create
rules from repetitive data sets. The first step is to
determine a path for the keywords, the second step
is to define the data structures used, and the last step
is to turn it into code with an algorithm [26].

Apriori creates candidate item sets by combining
large item sets obtained in the previous cycle and
deleting subsets obtained as small item sets in the
previous cycle regardless of transactions in the
database. The solution form of the Apriori cycle, on
the other hand, presents an iterative solution
proposal. The underlying object sets are realized by
growing by incorporating a subset of them. As a
first step, the joining criteria are defined in order to
create the first layered object sets, the frequently
used elements in the transitions in the subset are
preferred to cluster by creating the candidate of the
object it passes through. Participation criteria are
defined by making important examinations in the
data set, so the processes are repeated sequentially
until they decrease [24].

The rules that are reached after the analysis of the
Apriori algorithm, namely associations, are
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expressed with certain parameters. The most
important of these parameters can be seen as
support and trust. While the support values express
the frequency of association of the items in the rule,
the confidence value shows the percentage with
which the rule is correct. Let's assume that the X and
Y expressions refer to two different sets of
materials. As seen in equation (1), while calculating
the support value for X, the number of material
clusters X is divided by the total number of material
clusters. In equation (2), the support value of the
material clusters X and Y and the probability of
coexistence in all clusters are calculated. The
probability that the Y material cluster will be found
in the X material cluster is called the confidence
value and is calculated by equation (3) or equation

4.

X number of material clusters

Support (X) = (1

Total number of material clusters

(X,Y) number of material clusters

Support (X,Y) = Total number of material clusters @

Confidence (X, Y) - (X,Y) number of matelrial clusters (3)
X number of material clusters

Confidence (X,Y) = Support (1) )

Support (X)

These values allow us to see the accuracy and
reliability of the rules formed in the association
analysis. The higher these values, the more
important the association. While performing the
analysis, first of all, the support and trust values are
determined and the rules within these values are
obtained.

3. IMPLEMENTATION

The forest products sector, as the name suggests,
includes the production and trade of various goods
that take their raw materials from the forest and
generally using wood. Timber, parquet, particle
board, fiberboard, paper, cardboard, logs are the
main forest products.

A Turkish forest products industry, with its
development in recent years, is among Turkey's
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fastest growing sectors. In addition, the foreign
trade balance of many sub-sectors, especially the
furniture and wooden plate sector, is progressing
positively. Turkey ranks 13th among 166 countries
in the world with a share of 1.6% in timber
production. Turkey's share in world furniture
production is around 1% and it is increasing rapidly.
Some organizations in Turkey, especially in the
wood panel sector, have become one of the world's
leading companies. About 2.4% of the added value
created in the Turkish manufacturing industry
belongs to the forest products sector. Tiirkiye has
established export and import connections with
more than 200 countries in the field of forest
products. It is seen that a tendency to open up to new
markets in the sector. New technology and business
applications are becoming widespread [27].

The data used in this study were taken from a
company operating in the plate industry in Turkey.
The plate industry can be examined in terms of two
different products. The first is fiberboard.
Fiberboard, known in the industry as MDF, is a type
of board in homogeneous condition, formed by
using lignocellulosic fibers with felting and
naturally structuring properties. It is produced as a
result of drying or pressing the board, especially
with the use of additional glue of fiber bundles. The
second is particleboard. Particle Board is a material
that is formed by turning chips or small particles
obtained from lignocellulosic raw materials into
large and large-surfaced boards under heat and
pressure with the help of a synthetic resin or a
suitable adhesive, and is used especially in the
furniture industry [28].

Apart from these, there is also a Melamine Coated
Particle Board (MCPB). MCPB is wood-based
decorative plates that are produced as a result of
pressing the impregnated decor paper and the
particleboard under temperature and pressure for a
certain period of time. Decor papers with various
colors and patterns are the most important material
that makes these plates decorative.

The data to be used for the association analysis were
created by pulling the company's domestic, export
and export registered sales data between the years
2009-2021 through SAP annually and then
combining them. The main reason for pulling the
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data annually is the system inconvenience due to the
large data being transferred from SAP to Excel.

It is seen that the company sold 956 different
designs of MCPB between 2009-2021. When the
data is combined with domestic, export and export
records, it includes 55863 different orders.
However, the company does not ensure the
continuity of some patterns according to current
trends and stops selling the pattern. Since the stock
replenishment of the discontinued decors is not
continued, not being considered in the study will
allow the association rules to provide more useful
information. Therefore, the number of patterns was
chosen to be 88. In addition, the data set is divided
into foreign and domestic, due to the fact that
foreign and domestic sales trends are different from
each other. In this study, foreign data sets were
used.

In this study, data sets were prepared in two
different ways in order to see how the rules have
changed compared to the past, to take into account
that customers are constantly changing, and to
examine the effect of the Covid 19 pandemic. Data
sets were determined as foreign sales between
2009-2021 (Data set-1) and foreign sales between
2019-2021 (Data set-2).

There is country information for foreign sales in the
data obtained from the SAP system. Since regional
[Anatse |

ol
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associations are also considered in the analysis to be
made, the country information in the foreign sales
data has been changed to continent. Datasets were
updated in the light of this information; deficiencies
were scanned in detail and noisy data were cleaned.
Since the purpose of association analysis is to find
patterns that are sold together, single-pattern orders
are deleted. In order to convert the created data sets
to “arff” format, the data set was loaded into the
application using the Experimenter tab of the
WEKA program (Figure 2). After these processes,
the Open Explorer function was run and the
Explorer module was switched (Figure 3).

By using the "NumericToNominal" feature under
the Filters tab in the Explorer module, all of the
attributes are converted to nominal format in order
to make the data suitable for analysis with the
Apriori algorithm. All of these processes were
applied to the data sets and the data sets were saved
in the "arff" format and made ready for analysis. As
can be seen in Figure 4, the analysis of the prepared
data sets was made under the 10% confidence and
0.5% support values as a result of the trials. The
confidence interval value was entered as “0.1” in
the “minMetric” section and the support value as
“0.05” in the “lowerBoundMinSupport” section.
The reason for keeping the confidence value low is
the desire to see not the first 10 rules but also the
following all rules.

Source
ot 3406 resulns
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P_u?o(m st Dn_en Explorer...
Canfigurs test Test autput
Testing with | Pawed T-Tester (comecied) =] ©
Sebect rows and cols Rows Cods Swap
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Figure 2. WEKA experimenter module analyze tab
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Figure 4. WEKA explorer module associate page

COMPUTATIONAL RESULTS 2021, which is called Dataset -1, using the Apriori

AND DISCUSSION algorithm are listed.

In Figure 5, the rules formed as a result of the The 25 rqles, provide support and minimum
analysis of foreign sales data for the years 2009-  confidence intervals, have been displayed as output
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before starting the analysis. Although there are
more than 25 rules, the first 10 rules are transferred
to Table 1 to examine in detail.

As seen in Table 1, DECORS84 is seen as the
intersection point of associations. When we analyze
the first rule, we see that out of 278 deliveries
containing the DECOR19 and DECOR49 patterns,
211 were found in the DECOR84 pattern. In other
words, customers who buy the DECORI19 and
DECORA49 pattern together also buy the DECOR84
pattern at a rate of 76%. A value of 76% indicates
the confidence value. In addition, the support value
is seen as 3%. It shows that in 3% of all orders these
three decors are purchased together. The lift value
of 1.87 can be called the difference or
interestingness value. The magnitude of the lift
value shows how interesting the rule is. The
percentage effect of the lift value and how much the
sales between products affect the sales between
each other can also be calculated. The remaining 9
rules can be explained as follows;

= Customers who buy DECOR 34 and DECOR59
patterns also buy DECORS84 pattern with 75%
probability. In 0.03 of all deliveries, these
products are sold together. The lift value is 1.86.
= Customers who buy DECOR49 and DECORS86
patterns also buy DECOR84 pattern with 74%
probability. In 0.02 of all deliveries, these
products are sold together. The lift value is 1.83.
= Customers who buy DECOR50 and DECORS59
patterns also buy DECORS84 pattern with 74%
probability. In 0.03 of all deliveries, these
products are sold together. The lift value is 1.82.

Murat AKCIL, Serap AKCAN

= Customers who buy DECOR19 and DECOR72
patterns also buy DECORS84 pattern with 73%
probability. In 0.02 of all deliveries, these
products are sold together. The lift value is 1.79.

= Customers who buy DECOR19 and DECORS59
patterns also buy DECORS84 with 71%
probability. In 0.03 of all deliveries, these
products are sold together. The lift value is 1.74.

= Customers who buy DECOR18 and DECOR72
patterns also buy DECORS84 pattern with 70%
probability. In 0.02 of all deliveries, these
products are sold together. The lift value is 1.73.

=  Customers who buy DECOR18 and DECOR59
patterns also buy DECORS84 pattern with 69%
probability. In 0.02 of all deliveries, these
products are sold together. Lift value is 1.70.

= Customers who buy DECOR49 and DECOR72
patterns also buy DECORS84 pattern with 69%
probability. In 0.03 of all deliveries, these
products are sold together. Lift value is 1.70.

= Customers who buy DECOR49 and DECOR70
patterns also buy DECORS84 pattern with 68%
probability. In 0.03 of all deliveries, these
products are sold together. The lift value is 1.69.

In Figure 6, the rules formed as a result of analyzing
the international sales data between 2019-2021,
called Dataset - 2, using the Apriori algorithm are
listed.

The 25 rules, provide support and minimum
confidence intervals, have been displayed as output
before starting the analysis. Although there are
more than 25 rules, the first 10 rules are transferred
to Table 2 to examine in detail.

Table 1. Apriori algorithm results for dataset-1 (the first 10 rules)

Premise Results Confidence Support Lift
DECOR19 & DECORA49 (278) DECOR&4 (211) 76% 0,03 1,87
DECOR34 & DECORS9 (279) DECOR&4 (210) 75% 0,03 1,86
DECOR49 & DECORS6 (265) DECOR&4 (196) 74% 0,02 1,83
DECORS50 & DECORS9 (291) DECOR&4 (214) 74% 0,03 1,82
DECOR19 & DECOR?72 (270) DECORS&4 (196) 73% 0,02 1,79
DECOR19 & DECORS9 (327) DECOR&4 (231) 71% 0,03 1,74
DECOR18 & DECOR?72 (273) DECOR&4 (191) 70% 0,02 1,73
DECOR18 & DECORS59 (312) DECOR&4 (215) 69% 0,02 1,7
DECOR49 & DECOR?72 (360) DECOR&4 (248) 69% 0,03 1,7
DECOR49 & DECOR?70 (421) DECOR&4 (288) 68% 0,03 1,69
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Figure 5. Apriori analysis results for dataset —1

Table 2. Apriori algorithm results for dataset-2 (the first 10 rules)

Premise Results Confidence Support Lift
DECOR32 & DECOR®62 (101) Free Zone (87) 86% 0,03 1,74
DECORS54 (74) Free Zone (63) 85% 0,02 1,72
Europe & DECORS9 (87) DECOR32 (70) 80% 0,02 1,49
DECOR22 & DECORG62 (92) Free Zone (70) 76% 0,02 1,54
DECOR®62 (190) Free Zone (143) 75% 0,05 1,52
DECOR32 & DECORSS (74) Free Zone (55) 74% 0,02 1,5
Europe (220) DECOR32 (157) 71% 0,04 1,32
DECORS8(80) Free Zone (56) 70% 0,02 1,41
Free Zone & DECORS5 (80) DECOR32 (55) 69% 0,01 1,28
DECORS56(81) DECOR32 (55) 68% 0,01 1,26

The first 10 rules in Table 2 can be explained as = Customers in Europe who buy DECORS59
follows; pattern also buy DECOR32 pattern with 80%
probability. This rule applies to 0.02 of all

» Customers who buy DECOR32 and DECOR62 deliveries. The lift value is 1.49.
patterns are in the Free Zone with a probability " Customers who buy DECOR22 and DECORG62

f 86%. Thi 1 lies to 003 of all patterns are in the Free Zone with a 76%
Zeliveri(;s Thfliglveah?: ?s 11e S7 40 o probability. This rule applies to 0.02 of all

. deliveries. The lift value is 1.54.
" Customers who buy DECORS4 pattern are in Customers who buy DECOR62 pattern are in

the Free Zone with a probability of 85%. This the Free Zone with a 75% probability. This rule

rule applies to 0.02 of all deliveries. The lift applies to 0.05 of all deliveries. The lift value is
value is 1.72. 1.52.
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= Customers who buy DECOR32 and DECORS5
patterns are in the Free Zone with a probability
of 74%. This rule applies to 0.02 of all
deliveries. Lift value is 1.50.

= Customers in Europe also buy from DECOR32
pattern with a probability of 71%. This rule
applies to 0.04 of all deliveries. The lift value is
1.32.

= Customers who buy the DECORSS pattern are
in the Free Zone with a 70% probability. This

Murat AKCIL, Serap AKCAN

rule applies to 0.02 of all deliveries. The lift
value is 1.41.

= Customers in the Free Zone who buy DECOR85
pattern also buy DECOR32 pattern with a
probability of 69%. This rule applies to 0.01 of
all deliveries. The lift value is 1.28.

= Customers who buy DECORS56 pattern also buy
DECOR32 pattern with 68% probability. In 0.01
of all deliveries, these products are sold
together. The lift value is 1.26.
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Figure 6. Apriori analysis results for dataset —2

When the rules formed in the association analysis
are analyzed, it is observed that there is a trend
effect. It is seen that the associations have changed
in the data sets between 2009-2021 and 2019-2021.
In addition, it is seen that the domestic and
international rules are different. This is an
indication that preferences and trends change on a
country basis.

If the first 10 rules formed as a result of the analysis
of the foreign sales data between 2009-2021, which
is called data set - 1, are evaluated, it is quite
possible to say that DECOR84 is a very popular
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pattern abroad. The fact that all the rules are present
and that the confidence intervals are so high
confirms this opinion. It may be important to give
priority to this pattern when proposing patterns to
new companies at international fairs, color chart
submissions, and to gain customers. Or, all foreign
companies that are already customers of the
company and purchase MCPB in preliminary
designs within the framework of association rules
and do not buy from DECORS84 are potential
DECORS4 customers. Sending DECORS84 samples
to these customers with the premise patterns or
making promotions can greatly increase the sales
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rates of DECOR&4. In addition, companies that buy
from DECORS&4 pattern and not from predecessor
decor papers can be researched and suggested these
patterns.

When the first 10 rules formed as a result of the
analysis of foreign sales data between the years
2019-2021, called data set - 2, are evaluated, it is
seen that DECORS84 is not in the first 10 rules,
unlike Data series - 1. Here it can be concluded that
the trend has changed. The combinations of the
patterns sold to the free zone are striking.
Promotions and campaigns can be organized for
customers in this region within the framework of
these rules. Another remarkable point is the
presence of DECOR32 in 6 different rules.

Also, although the association analysis is applied on
the same patterns in two different data sets, the rules
differ in the analyzes made on products that change
according to current trends and tastes such as decor
paper. This shows that not only the methods used,
but also the periodic data sets are important in order
to obtain the best results in the analysis.

5. CONCLUSION

Marketing activities are very important in a period
where customer retention and acquisition of new
customers require more effort than in the past. It is
no longer enough to produce quality and low-cost
products alone. Understanding customers and
producing solutions to their needs is vital in order to
gain a foothold in the market and compete with
competitors.

Creating an accurate and effective marketing plan,
as well as learning customer behaviors and
demands, is a subject that companies strive for.
Most of the companies have marketing units that
work on these issues. It is the chief task of these
units to determine the best marketing activities with
the least cost and effort and to create an integrated
marketing plan. All of the marketing activities such
as surveys, market research, experienced marketing
expert supplements, face-to-face  customer
interviews and advertisements are important for
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companies to create a marketing plan, but they are
also large cost items. Data return rate is more
important than the number of people reached by the
studies carried out in marketing activities. The
return rate is a proof of how successful the
marketing activity is for the company and that it
brings customers. Increasing the rate of return is
possible with the marketing work done to the right
customer at the right time. Data mining is one of the
ways to reach the right customer at the right time
with the right campaign or product. Today, almost
all companies use an ERP or CRM software.
Analyzing and making sense of the accumulated
data set thanks to the software used is indispensable
for companies. Meaningful and correctly analyzed
data sets allow companies to interpret the wishes,
purchasing behaviors and trends of their current and
potential customers. One of the data mining
algorithms that reveals the purchasing behavior of
customers and related purchases are the Apriori
algorithm used in association analysis.

The aim of this study is to interpret the rules formed
by the association analysis performed using the data
sets prepared for analysis and to determine the
purchasing tendencies and behaviors of the
customers on the decor paper patterns. The orders
received between the years 2009-2021 for the
selected 88 decor papers were withdrawn from the
company's ERP system, and a data set was prepared
to be suitable for analysis and analyzed with the
Apriori algorithm in the WEKA application. The
results obtained will shed light on the company to
know its customers and to create an efficient
marketing strategy.

In the future, in addition to this study with foreign
sales data, an association analysis can be made
using domestic sales data and the resulting rules can
be compared to investigate how customer behaviors
differ.
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Oz

Su kalite indeksleri son yillarda su kalitesini degerlendirmek i¢in kullanilan énemli bir yontemdir. Temel
mantig1 pek ¢cok parametre iceren su kalitesinin basit bir say1 halinde ifade edilmesi temeline dayanir. Tiim
Diinyada su kalitesinin degerlendirilmesinde son derece 6nemli bir kriterdir. Benzer bir ¢calisma da Adana
ili icme suyu temin edilen kaynaklara yonelik olarak gerceklestirilmistir. Adana ili su kalitesi (Seyhan,
Yiregir, Saricam, Cukurova) igme suyu kalite indeksi iki metod ve on bes su kalite parametresi pH,
elektriksel iletkenlik (EC), bulaniklik, tuzluluk, toplam ¢éziinmiis kat1 madde (TDS), ¢céziinmiis oksijen,
kloriir (Cl), nitrat (NO3), siilfat (SOs), fosfat (PO4), demir (Fe), aliminyum (Al), sodyum (Na), kalsiyum
(Ca), magnezyum (Mg) kullanilarak belirlenmistir. Elde edilen sonuca gore Kanada su kalite indeksi 84,6,
British Columbia su kalite indeksi 81,6 olarak hesaplanmistir. Bu ¢aligma, Adana ilinde igme suyu kalite
sinifinin iyi oldugunu géstermistir.

Anahtar Kelimeler: Su kalite parametresi, Kanada su kalite indeksi, British Columbia indeksi, Su analizi
Determination of the Drinking Water Quality Index of Adana Province

Abstract

The water quality index (WQI) model is a popular method for evaluating surface water quality in recent
years. Its basic approach is based on expressing a simple number of water quality, which includes many
parameters. It is an extremely important criterion in the evaluation of water quality all over the world. A
similar study was carried out for the sources of drinking water in Adana province. Drinking water quality
index in Adana province (Seyhan, Yiiregir, Saricam, Cukurova) were determined by using two methods
and fifteen water quality parameters pH, electrical conductivity (EC), turbidity, salinity, total dissolved
solids (TDS), dissolved oxygen, chloride (Cl), nitrate (NOs), sulfate (SO4), phosphate (POs), iron (Fe),
aluminum (Al), sodium (Na), calcium (Ca), magnesium (Mg). According to result it is calculated that
Canadian water quality index 84.6, British Columbia water quality index 81.6. This study has been showed
that in Adana province, drinking water quality class grade is good.

Keywords: Water qality paramater, Canada water quality index, British Columbia index, Water analysis
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1. GIRIS

Su yeryiiziinde farkli hallerde ve en bol bulunan
maddelerin basinda gelir. Yalnizca insan igin degil,
ayn1 zamanda diger tiim canlilar i¢in de suyun
hayati 6nem tasidig1 cok iyi bilinen bir gergektir.
Yeryiiziinde hidrolojik ¢evrim olarak bilinen
dongliyle  stirekli  bir ¢evrim  halindedir.
Diinyamizda ki suyun %3’den daha azi tatli sudur
(icilebilir su). Bu miktarin yaklasik %901
kutuplarda donmus olarak veya yer altinda
bulunmaktadir. Dolayistyla tiim insanlik kendi
ekosistemi ve varligini siirdiirebilmek igin geriye
kalan yaklagik %0,3’lik tatli su oranina muhtactir.
Gorildigl izere insanligin ve ayni zamanda tatli
suya bagimli olarak yasayan canlilar bu %0,3’lik
suya hayati ihtiya¢ duymaktadir [1]. Ote yandan
giiniimiizde insanoglu gollerde ve nchirlerde, yer
altinda sahip oldugu bu sinirli miktardaki tatli suyu
doganin aritabilecegi siireden daha hizl bir sekilde
kirletmektedir. Yeryiiziinde 1 milyardan daha fazla
insanin  hala icilebilir tath suya erisimi
bulunmamaktadir. Su dogadan bedava elde
edilebilir, ancak insanlara ulastirilmasi pahali alt
yapilar1  gerektirmektedir. 19. yizyilin ilk
ceyreginde 1 milyar olan diinya niifusu, 1950
yilinda 2,5 milyar, 2021 yilinin sonunda ise
yaklasik 7,5 milyara ulagsmistir. Niifusun bu denli
artmasi, ekonomik faaliyetlerin biiyiimesi ve
kentsel yayilma, su ihtiyacinin &nemli derecede
artmasma neden olmaktadir. Yiizey suyunun ve
yeralti suyunun asir1 bi¢gimde kullanimi, mevcut su
kalitelerinin azaltilmas1 ve genel kaliteden &6diin
vermeden Otiiri  sayisiz  kaynagi  tehlikeye
atmaktadir. Diinya niifusunun bu hizl artis1, sanayi
ve teknolojinin asir1 gelisip biliylimesi ve ¢evresel
bilincin yeteri kadar olusmamasi gibi sorunlar
diinyadaki su kaynaklarinin gitgide kirlenmesine ve
bu kaynaklarda onemli Olciide azalmaya sebep
olmaktadir. Su kaynaklarmm bu kirleticilerden
korunmasi i¢in Oncelikle mevcut su Kkalitesinin
karakterize edilmesi ve kaynagin faydali
kullanimma  karar  verilmesi  gerekmektedir.
Giinlimiizde asir1 niifus artisi, olglisiiz ve bilingsiz
tiiketim, hizli ve ¢arpik kentlesme, endiistrilesme ve
kuraklik gibi nedenlerden otiirii su kiitlesinin
onemli 6l¢iide azalmasi ve su kalitesinin bozulmasi
sorunlar1 ile karst karsiya  kalinmaktadir.
Yeryiiziindeki su kaynaklarimin yalnizca %0,3 {iniin
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kullanilabilir ~ ve igilebilir nitelikte oldugu
disiiniildiigiinde, su kullanimina ve bilhassa su
kalitesine verilmesi gereken degerin daha da
arttirilmasi gerekliligi ortaya ¢ikmaktadir [1].

Su kirliligi, asir1 yapilasmadan kaynaklanan evsel
atiklar, yogun  endiistriyel faaliyetlerden
kaynaklanan sanayi atiklari, tarimda kullanilan
kimyevi giibreler 6zellikle azotlu giibreler ve zirai
miicadele ilaglari, erozyonla su kaynaklarina
taginan toprak ve bilinmeyen maddeler gibi zararl
istenilmeyen = maddelerin, suyun  kalitesini
Olciilebilecek  degerde bozacak  miktar ve
yogunlukta suya karigmasit durumudur. Kirlenme
sonucunda sularda fiziksel, kimyasal ve biyolojik
bozulmalar meydana gelmektedir. Bunlar dogrudan
veya dolayli bir sekilde tiim varliklart olumsuz
etkilemektedir. Niifusun ¢ok fazla artmasina
ragmen su kaynaklarinin degismez ve duragan
olmasi, bu kaynaklarin kirletilmemesini ve ¢ok iyi
kullanilmasini gerekli kilmaktadir [2].

Igme sularinda bulunan maddelerin insan sagligina
etkisi, bunlarin cins ve miktarlar1 ile tespit edilir.
Genel olarak ilkeler kendi igme su kriterlerini
belirledigi gibi, Avrupa Birligi ve Diinya Saglik
Orgiitii gibi uluslararas1 kuruluslar da 6zel olarak
tehlikeli kimyasal ve biyolojik maddeler i¢in esik
degerler vermistir [3]. Ayrica, Su Cergeve Direktifi
(The Water Framework Directive WFD: European
Union) baglaminda AB iiye iilkeleri i¢in su
kiitlelerinin kalitesinin izlenmesi kacinilmaz hale
getirilmis ve izlenecek parametrelere bu direktifte
yer verilmistir [4]. Fakat bu parametreleri tek tek ele
alip degerlendirmek ve yorumlamak gerek
diizenleyici kuruluslar gerekse bu konuda ¢alisan
uzmanlar i¢in bir hayli zor ve zaman alic1 bir
siirectir. Bu sebeple, son déonemde, pek ¢ok galisma
su kalitesi kavrammin daha sade, kapsamli,
anlagilabilir ve karsilastirilabilir bir bigimde ifade
edilebilmesi iizerine yogunlagmistir [5]. Su kalite
indeksi (WQI), sularin genel kalitesinin durum
tespitinde kullanilir ve basitce hesaplanabilen tek
bir sayty1 ifade eder. Su kalite indeksi, hizli ve kolay
bir metotla elde edilmis tek bir degere ve ona
karsilik gelen Olgege bakarak su kalitesinin ifade
edilmesini saglar. WQI ¢ok sayida karmasik su
kalitesi parametresini birlestirerek su kalitesini

C. U. Miih. Fak. Dergisi, 38(3), Eyliil 2023



Ebubekir GULOGLU, Mesut BASIBUYUK, Behzat BALCI, Fatma El¢in ERKURT

299 Cer o t99 G

anlagilabilir bir bicimde “cok iyi”, “iyi”, “zayif”,
vb. sekilde ifade eder. Su kalite indeksi kullanilarak
tespit edilen veriler, su kalitesi hakkinda hizli ve
etkin kararlar almak i¢in hem karar vericiler hem de
hissedarlar tarafindan kolaylikla kullanilabilir [6-7].

Kanada su kalite indeks modeli (CWQI), Kanada
Cevre Bakanligi araciligi ile gelistirilmis ve epeyce
yaygin bir sekilde kullanilan bir modeldir. Bu
modelde, parametrelerin Orneklendirme sikligi,

basarisiz parametre c¢oklugu ve standartlarda
bahsedilen hedef degerlerden sapmalara gore
degerlendirme  yapilir. Model, parametreler

konumdan konuma farklilik gdstereceginden ve
cevresel kosullara bagli bulundugundan herhangi
bir su kalitesi parametresi veya zaman kavrami
tanimlamaz. Bu  indeksin  belirlenmesinde,
minimum dort parametre ve bu parametrelerin en az
dort dlgiimii yeterli olmaktadir. Indeks, 0 ve 100
arasinda degisen 6l¢ekte ii¢ faktorden olusmaktadir.
Bu ¢ faktoriin kombinasyonu ile su kalitesini
diisiikten yiiksek kaliteye dogru tanimlayan ve 0 ile
100 arasinda olan tek bir say1 elde edilir [8].

Bu caligma kapsaminda, Adana ili su kalite indeksi
belirlenmeye calisilmistir. Bu amacla Adana iline
su saglayan sebekelerden su numuneleri alinmustir.
Alinan su numunelerinde pH, elektriksel iletkenlik
(EC), bulaniklik, toplam ¢oziinmiis katt madde
(TDS), ¢6ziinmiis oksijen, kloriir (CI), nitrat (NO3),
stilfat (SO4), fosfat (PO4), demir (Fe), aliminyum
(Al), sodyum (Na), kalsiyum (Ca), magnezyum
(Mg) olmak {izere toplam 15 su kalite
parametresinin analizleri yapilmis olup elde edilen
verilere gére Kanada Su Kalitesi indeks Modeli
(CWQI) ve British Columbia su kalite indeksi
metodu ile hesaplanmis ve degerlendirilmistir.

2. MATERYAL VE YONTEM

2.1. Calisma Alam ve Ozellikleri

Adana ili 14.030 km? yiiz6l¢iimiine sahip
Tiirkiye'nin giineyinde ve Akdeniz Bolgesi’nin
Cukurova boliimiinde kurulmus olup batida Mersin,
kuzeyde Kayseri, kuzeybatida Nigde, doguda
Osmaniye, Kahramanmaras, giineydoguda Hatay

C. U. Miih. Fak. Dergisi, 38(3), Eyliil 2023

ve giineyde Akdeniz ile ¢evrilidir. Matematiksel
konum olarak 35°-38° kuzey enlemleri ve 34°-36°
dogu boylamlari arasinda olup ilin giineyinde kalan
boliimiine Cukurova, kuzeyinde kalan boliimiine
Anavarza timiine ise Adana Ovasi adi verilir.
TUIK, yil bazh il niifus verilerine gore 2021 yili
niifusu 2.263.373 kisi olup niifus projeksiyonuna
gore 2023 yili niifusunun 2.294.903 kisi olmasi
beklenmektedir. Adana ilinin merkez ilgeleri 5 tane
olup toplamda 15 adet il¢esi vardir. Bunlar; Seyhan,
Cukurova, Yiiregir, Sarigam, Karaisali, Aladag,
Ceyhan, Feke, 1mam0glu, Karatas, Kozan, Pozanti,
Saimbeyli, Tufanbeyli ve Yumurtalik’tir.

2.2. Cahsma Alammn iklimi ve Su Kaynaklar

Adana {li'nin Toros Daglar1 diginda kalan
boliimlerinde Akdeniz ikliminin egemen oldugu
goriilmektedir. Yazlar kurak ve sicak, kislar 1lik ve
yagishdir. Bolgede ortalama yagis miktart yillik
668,7 mm olup bu yagislar yamag yagislar1 seklinde
olusmaktadir. Yagislarin  %51'it  kisimn, %26's1
ilkbaharda, %18'i sonbaharda ve %5'i de yazin
diismektedir [9].

Adana sehrinin igme ve kullanma suyu Catalan
Baraj Goliinden saglanmaktadir. 1998 yilinda
yapimma baslanan Adana Catalan I¢cme Suyu
Temin Projesi 2003 yilinda tamamlanmig ve sehre

aritilmis  igme  kullanma suyu  verilmeye
baglanmigtir. Bugiin itibari ile sehir niifusunun
%98’ine  Catalan  icme  kullanma  suyu

verilmektedir. %2’lik niifusun igme kullanma suyu
yeraltindan saglanmaktadir.

Adana ilinde Catalan Baraji‘ndan gelen suyla
beslenen 4 merkez ilgeden biri olan Seyhan
ilgesinden 34 numune, Cukurova ilgesinden 12
numune, Yiregir ilgesinden 29 numune ve Saricam
ilgesinden 18 numune olmak iizere toplamda 93
adet numune toplanmistir. Tiim istasyonlara ait
izleme noktalar1 Sekil 1°de gosterilmistir [10].

Sehir sebeke suyundan alinan 93 adet numune
plastik numune kaplarina alinarak, soguk zincirde
laboratuvara getirilmistir. Her bir numune 1500 mL
olarak  toplanmigtir. ~ Numuneler, analizler
sonuglanincaya kadar +4 °C* de muhafaza edilmistir
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[11]. Su numuneleri toplanirken plastik numune
kaplarinda etiketlemeler su dogrultuda yapilmistir:

a. Numunenin alindigi tarih, saat, adres,
b. Numunenin cinsi,
¢. Numunenin kim tarafindan alindig.

2.3. Fizikokimyasal Analizler

Laboratuvara soguk zincirde getirilen numunelerin
oda sicakligina gelmesi ile beraber pH, elektriksel
iletkenlik, toplam ¢oziinmiis kati madde (TDS),
tuzluluk ve ¢6ziinmiis oksijen analizleri Hach
HQ440d elektrot tutuculu ¢ift kanalli laboratuvar
tipi dijital multimetreyle, bulaniklilik analizi TL
2300 Hach Lange marka tiirbidimetre cihaziyla,
kloriir (Cl), nitrat (NO3), siilfat (SOs), fosfat (POs),
analizleri Dionex Ics-5000° Dp marka iyon
kromotografi cihaziyla ve demir (Fe), aliiminyum
(Al), sodyum (Na), kalsiyum (Ca), magnezyum
(Mg) analizleri ise ICP MS 7700 Agilent cihaz ile
yaptlmigtir.  Analizler Cizelge 1.°de verilen
metodlarla Tirk Standartlarma uygun olarak
gerceklestirilmis olup elde edilen veriler Cizelge
2.’de verilen kanada su kalite indeksi modeline gore
derecelendirilmistir.
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Sekil 1. Adana ili istasyon noktalar1 [10]

Sebeke sularindan kimyasal su numunesi, musluk
tam olarak agilip sebeke suyunu temsil eden suyun
geldiginden emin oluncaya kadar su akitildiktan
sonra numune sigesi 3 kez calkalanip agizda bosluk
kalmayacak sekilde doldurulup alinmistir [12].

Cizelge 1. Analiz metodlar1 ile ilgili TSE
standartlari

Analizler Kullanilan standart
pH tayini TS ENISO 10523 (10.04.2013)
Elektriksel
iletkenlik TS 9748 EN 27888 (05.06.2012)
Toplam Coziinmiis
Kat1 Madde 57092
Tuzluluk TS 8108
Coziinmiis Oksijen

. TS ENISO 5814

Tayini
Bulaniklilik Tayini TS EN ISO 7027
Kloriir TS EN ISO 10304-1
Nitrat TS EN ISO 10304-1
Siilfat TS EN ISO 10304-1
Fosfat TS EN ISO 10304-1
Demir TS EN ISO 17294-2
Aliiminyum TS ENISO 17294-2
Sodyum TS EN ISO 17294-2
Kalsiyum TS EN ISO 17294-2
Magnezyum TS EN ISO 17294-2
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Cizelge 2.Kanada su kalite indeksi kalite

derecelendirmesi [8]

Deger de;e;ll;l(;tile‘rsriesi Kullanim olanaklari

95-100 Cok iyi Icme, sulama, endiistriyel
80-94 fyi I¢me, sulama, endiistriyel
60-79 Orta Sulama, endiistriyel
45-59 Kaoti Sulama, endiistriyel
0-44 Cok kotii Sulama

Faktor 1 (F1) su kalitesi mevzuatlarinda verilen
hedef degeri asan parametrelerin  toplam
parametrelere gore yiizdesini ifade eder.

Faktor 2 (F2) frekans olarak adlandirilir. Test edilen
veya gozlemlenen degerin kag defa kabul edilebilir
sinirlar veya siirlar diginda oldugunu gosterir.

Faktor 3 (F3) sapma genisligi veya hedeflerin
karsilanmadig1 miktardir. Yonetmeliklerde verilen
siir degeri asan basarisiz test degerlerinin sayisini
ifade eder. Indeksin hesaplama formiilii asagidaki
gibidir.

Basarisiz parametrelerin sayisi

L= ¥ 100 (1)
Toplam parametre sayisl
Basarisiz deneylerin sayisi
, == 4 Y2 100 2)
Toplam deney sayisi
__ (Basarisiz deney degerii) _ 3
sapma; = ( Hedef deger; 1 ®)

Y sapma;
nse = i=1 i 4)
Toplam deney sayist

C. U. Miih. Fak. Dergisi, 38(3), Eyliil 2023

F _( nse ) s
3 7 \0.01nse+0.01 )

1.732

2 p2, 12
CWQI = 100 — [wl (6)

3. ARASTIRMA BULGULARI

Adana 1li igme sularinda, sehir sebeke suyundan
alinan 93 adet numune de 15 parametrenin analizi
yapilmistir. Analiz edilen parametrelerin minimum,
maksimum, ortalama ve degerleri Cizelge 3’de
verilmistir.

Cizelge 3’de verilen parametreler arasinda fiziksel
parametreler (pH, iletkenlik, bulaniklik), tuzluluk,
toplam ¢oziinmiis kat1i madde ¢6ziinmiis oksijen,
diger anyonik ve katyonik maddeler (Cl, NOj3, SOy,
PO4, Ca, Mg, Na) ve agir metaller (Al, Fe,) yer
almaktadir. Belirlenen bu parametreler su
kalitesinin izlenilmesinde 6nemli olan ve tiiketici
iizerinde dogrudan ve/veya dolayli olarak etkisi
olan parametrelerdir.

Calisma kapsaminda Adana {li’nde sehir merkezini
yansitmasi amactyla dort merkez ilgeden alinan su
orneklerinde toplam 15 su kalite parametresi
analizleri yapilmistir. Kanada su kalite indeksi
(CQWI) ve British Columbia su kalite indeksi
(BCQWI) metodu ile su kalite indeksi Cizelge 4’de
hesaplanmis ve degerlendirilmistir.

Su kalite indeksi verileri incelendiginde genel
olarak Adana ili igme suyunun Kanada su kalite
indeksi (CWQI) hesaplamalarina goére 84.6, British
Columbia  su  kalite indeksi (BCWQI)
hesaplamalarina gore 81.6 ile iY1 kalite sinifinda
yer aldig1 belirlenmistir.
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Cizelge 3. Su kalite parametrelerinin istatistiki verileri

Seyhan Cukurova Yiiregir Saricam
Su kalite parametreleri

Min Max | Ort. Min Max Ort. Min Max Ort. Min Max Ort.
pH 74 | 789 | 767 | 755 | 7,82 | 7.67 | 715 | 7,78 | 7,55 7 7,76 | 743
EC(uS/cm) 410 443 | 4255 | 428 448 | 438,8 | 407 930 | 470,7 | 414 988 622
Bulaniklik(NTU) 006 | 06 | 0,14 | 0,06 | 032 | 015 | 006 | 038 | 0,15 | 0,05 | 1,09 | 0,19
Tuzluluk(%) 0,021 | 0,02 | 0,02 | 0,02 | 0023|0022 | 0,021 | 0,05 | 0,024 | 002 | 0,05 | 0,03
Toplam Coziinmils Kat: 2157 | 230 | 2233 | 2149 | 222 | 2192 | 220 | 498 | 2478 | 223 | 499 | 3252
Madde(mg/L)
Coziinmiis Oksijen(mg/L) 8,72 | 10,54 | 9,5 8,94 | 10,56 | 9,75 8,61 | 1028 | 9,37 | 6,58 9,03 8,62
Cl(mg/L) 21,6 | 258 | 233 | 225 | 257 | 234 | 13,6 | 651 | 249 | 179 | 867 | 355
NOs(mg/L) 2,84 35 3,17 | 3,01 3,04 | 3,16 | 2,93 95,3 9,08 2,8 1042 | 32,8
SO4(mg/L) 202 | 355 | 318 30 353 | 316 | 109 87 324 | 7,77 | 834 | 275
PO4(mg/L) 4,7 7 4,9 4,8 527 | 492 4,8 6,28 506 | 4,83 521 4,93
Fe(ug/L) 6 1922 | 179 | 7.1 13 888 | 081 | 71,8 | 12,9 | 0,88 | 367,9 | 282
Al(ug/L) 0,79 | 7,9 |2,109 | 0,79 | 1,48 | 1,04 | 054 | 563 | 136 | 033 | 196 | 3,63
Na(mg/L) 12,6 16,8 14,2 12,9 14,5 13,6 10 55,2 15,6 10,1 538 | 21,9
Ca(mg/L) 435 | 53,6 | 482 | 478 | 509 | 45 425 | 11,5 | 583 | 39,6 | 1123 | 658
Mg(mg/L) 17,5 21 18,9 18 19,1 18,4 5 424 18,2 17,1 441 26,6

Cizelge 4. Adana su kalite indeks hesaplamalari

F1 26,667
F2 0,717
Sapma (SR14) 0,09
Sapma (SR3) 0,216
Sapma (Y8) 0,906
Sapma (SR1) 1,086
Sapma (SR4) 0,213
Sapma (SR5) 0,422
Sapma (SR16) 0,625
Sapma (SR17) 0,265
Sapma (SR18) 0,779
Sapma (SR14) 0,840
TOPLAM (Sapma) 5,442
nse 0,004
F3 0,388
CCME CWQI
BCWOI
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4. TARTISMA VE SONUCLAR

Su kaynaklar1 pek ¢ok canli tiirlini icinde
bulunduran, belli bagh topluluklar ve yasamsal
habitatlar igeren ekosistemlerdir. Su kalitesi, belli
basli kullanimlar ile ilgili su kaynagi veya su
kiitlesinin durumunu goéstermekte olup suyun
kalitesinin bilinmesi su kirliliginin kontroliinde
biiylik 6nem arz etmektedir.

Su kalite ¢alismalarinda aragtirilan ve onemli bir
yere sahip olan parametrelerden biri pH degeridir.
pH sularda kimyasal ve biyolojik agidan ¢ok dnem
tagimaktadir. pH degerinin yiiksek veya diistik
olmast suyun igilebilir olmasini etkilemekte ve bazi
bilesiklerin toksisitesine etki etmektedir. Insani
tiikketim amagli sular hakkinda yonetmelik, TS 266
ve Avrupa Birligi standartlarina goére, i¢me
sularinda pH degerinin 6,5-9,5 arasinda olmasi
istenmektedir. Yapilan ¢aligma sonucu elde edilen
verilere gore, 7,59 ortalama ile genel olarak Adana
Ili igme sularmin hafif diizeyde bazik oldugu tespit
edilmistir.
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Su kalite ¢alismalarinda Oonemli olan
parametrelerden bir digeri de iletkenlik degeridir.
fletkenlik sudaki iyonlarin konsantrasyonuna ve
nutrient yiikiine bagli olarak degigmektedir. Bu
¢alismamiz sonucu elde edilen verilere gore, Adana
ili igme sularinin, ortalama 479,4 uS/cm degeri ile
elektriksel iletkenlik parametresi agisindan i¢gme
suyu standartlarini agmadigi tespit edilmistir.

Bulaniklik, su berrakliginin veya seffafligin bir
6l¢iisti olup, suyun ne kadar bulutlu veya camurlu
oldugunu gostermektedir. Yapilan calismada
sadece Saricam ilgesi 14. istasyondan alinan su
orneginde 1,09 NTU olarak tespit edilmistir. Bu
durumun sebebi sebeke hattt boyunca demir
iyonlarmin borulardan ¢6ziinerek suya gegmesi
olarak distiniilmektedir. Ciinkii ayni istasyonda
demir parametresi de standart degerlerin istiinde
tespit edilmistir.

Tuzluluk ve toplam ¢6ziinmiis katt madde (TDS)
degerleri de igme kullanma sularinda incelenmesi
gereken onemli su kalite parametreleri arasindadir.
Genel olarak iletkenlikle iligkilendirilerek suyun
iyon yiikiiniin, tuzlulugunun veya kirliliginin
degerlendirilmesi seklinde kullanilir. Yapilan
calismada tuzluluk ve toplam ¢6ziinmiis kat1 madde
(TDS) degerleri arasinda Adana il geneli alinan
istasyonlarda onemli bir fark olmadigi tespit
edilmis olup veriler standart degerler arasinda
belirlenmistir.

Coziinmiis oksijen (CO), suda ¢Oziinen ve
mikroskobik gaz halindeki oksijen kabarciklarinin
suya karigmasiyla olusan oksijen miktaridir ve su
kalitesi caligmalarinda kullanilan en Onemli
parametrelerden biridir. Coziinmis oksijen suyun
kirlilik derecesini ifade etmektedir. Yapilan
caligmada sadece Saricam ilgesi 3. Istasyon
noktasindan alinan Ornekte c¢oziinmiis oksijen
degeri standart degerin altinda tespit edilmistir. Bu
durumun sebebi mikrobiyolojik bir kirliligin
varliginin kanit1 olup Adana il geneli diger alinan
istasyon noktalarinda standart deger arasinda
oldugu tespit edilmistir.

Kloriir tuzlarinin ¢oziinlirligic fazla oldugundan

sularda en ¢ok bulunan iyonlardan birisi kloriirdiir.
Kloriir degerlerinin yiiksek olusu, tuzluluk ve buna
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bagl olarak da elektriksel iletkenligin yiiksek
oldugunu gosterir. Kloriir iyonlarmin miktari
saglikli  bir icme suyu igin gdsterge bir
parametredir. Bu sebeplerden otiirii su kalite
caligmalarinda Onemli parametrelerden birisidir.
Kloriir konsantrasyonu 250 mg/L’yi asarsa suya
tuzlu bir tad verir. Bu ¢aligmamiz sonucu elde
edilen verilere gore kloriir konsantrasyonu ortalama
26,2 mg/L ile standart degerler arasinda tespit
edilmigtir.

Icme suyunda nitrat seviyesi su kalitesinin ve
kirliliginin  degerlendirilmesinde kullanilan en
onemli parametrelerden birisidir. Nitrat tarimsal
giibrenin 6nemli bir bilesenidir 6zellikle tarimsal
faaliyetlerin yogun oldugu, kirsal alanlarda, nitrat
degerlerinin igme sularinda oldukg¢a yiiksek
konsantrasyonlara ¢iktig1 gozlenmektedir. Suda
gozlemlenen yiiksek nitrat seviyesi atik sudan
kaynakli bir kontaminasyonun gostergesi olabilir.
Yiiksek nitratli sular insan sagligi agisindan
bagirsaklarda toksik nitritlere indirgenebilir ve
ozellikle bebekler, yiiksek seviyede nitrat iceren
sular ile ciddi sekilde zehirlenebilir. Bu bakimdan
su kalitesinde kritik dneme sahip parametrelerden
biridir. Yapilan ¢alisma sonucu elde edilen verilere
gore, Yiiregir ilgesinde bir istasyonda, Sarigam
ilgesinde de bes istasyon noktasindan alinan su
orneklerinde nitrat seviyesi standartlarin {izerinde
belirlenmis diger 87 noktadan alinan 6rnekte nitrat
seviyesi standart degerler igerisinde tespit
edilmistir.

Su kalite ¢aligmasinda diger bir dnemli parametre
ise siilfattir. Ulusal ve ululararasi standartlarda
siilfatin sinir degeri 250 mg/L olarak belirlemistir.
Siilfat birgok mineralde dogal olarak bulunur igme
sularinda da dogal yollarla karisan en Onemli
iyonlardan  biridir.  Endistriyel —atiklar  ve
atmosferdeki birikim yoluyla sularda gozlenir.
Yiiksek siilfatli sular, kiigiik c¢ocuklarda ve
yetiskinlerde gecici ishale neden olur. Metabolizma
zamanla siilfata alistigindan, bu etki daha c¢ok
misafir ve turistlerde goriiliir. Yapilan bu ¢alismada
stilfat seviyesi almman tiim istasyonlarda standart
degerlerin igerisinde tespit edilmistir.

Bir diger 6nemli su kalite parametresi fosfattir.
Fosfat, tarimsal faaliyetlerde kullanilan giibrelerde
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ve evsel atiklarin karigtigi sularda yogun olarak
bulunur. Uluslararas1 standartlarda fosfatin sinir
degeri 250 mg/L olarak belirlenmistir. Yapilan
analizler sonucu elde edilen verilere gore, fosfat
degerlerinin, Adana Ili igme sularinda standartlarda
belirtilen  degerler igerisinde oldugu tespit
edilmistir.

Su kalite caligmalarinda gozlenmesi gereken bir
diger parametre demirdir. Icme sularinda demirin
asir1 bulunmasi suya metalik bir tat verir. Yiiksek
miktarda demir igeren bir su hava ile temas ettigi
zaman suya gecen oksijen, Fe*? iyonlarmi Fe™ e
yiikseltger. Sonug¢ olarak suda kirmizi Fe(OH)3
parcaciklar1 (kolloidler) meydana gelir ve buda
suda renklilik olusturur. Bu durum saglik ve estetik
acidan suda istenmeyen bir durumdur. Ayrica
tekstil sanayii, sabun, dis macunu imalati ve kagit
sanayiinde kullanilan sularda demirin varlig1
iiriinler lizerinde leke olusturacagindan demir igme
kullanma sularinda kontrol edilmesi gereken
parametredir. Yapilan calisma sonucu elde edilen
verilere gore sadece saricam ilgesi 14. istasyon
noktasindan almman su Orneginde demir seviyesi
standart degerlerin iizerinde bulunmus olup diger
tiim noktalarda standart degerlerin icerisinde tespit
edilmistir.

Aliminyum i¢gme sular1 kalite parametrelerinden
biri olarak izlenmesi gereken parametrelerdendir.
Amfoterik bir element olan Aliiminyum asir1 asidik
ve alkali pH kosullarinda ¢6ziiniir, ancak nétr ve
ndtre yakin pH  degerlerinde  ¢oziinmez.
Aliiminyuma maruziyetin fazla olmasi merkezi
sinir sisteminde ve iskelet-kas sisteminde toksisite
gosterebilir.  Ozellikle ~ Alzheimer, Parkinson
demans ve amyotropik lateral skleroz (ALS) gibi
sinir sistemi hastaliklarina neden olabilir. Bu
caligmamiz sonucu elde edilen verilere gére Adana
ilinde tim istasyon noktalarindan alman su
orneklerinde aliiminyum seviyesi standart degerler
igerisinde tespit edilmistir.

Sodyum iyonu igme su kaynaklarinda bulunan en
onemli elementlerden biridir. Sodyumun fazlasi kan
basincmin yiikselmesine neden olur. Ayrica kalp
damarlarinda tikanikliga ve bobrek hastaliklarinin
olusmasina da neden olur. Bu sebeplerden dolay1 su
kalite calismalarinda iizerinde g¢aligilmasi1 gereken
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parametrelerden biridir. Yapilan bu caligmada elde
edilen verilere gore sodyum degeri ulusal ve
uluslararasi standartlar igerisinde tespit edilmistir.

Kalsiyum, suyun yapisinda var olan ve suya sertlik
veren en Onemli iyonlardan biridir. Ayn1 zamanda
insan viicudunda en ¢ok bulunan ve en ¢ok ihtiyag
duyulan katyondur. Kemik yapisindaki en 6nemli
tuz olan kalsiyum fosfatt olusturmakta, dis
minesinde bulunmakta, kanm pihtilasmasini
saglamakta, kaslarin fonksiyonu yoniinden de
onemli rol oynamakta, vb. bircok faydasi vardir.
Eksikliginde ise kemik ve iskelet sistemi
hastaliklari, ¢ocuklarda rasitizm gibi problemlere
neden olmakla birlikte, igme suyundaki derisimi
gereginden fazla olmasi halinde bobrek tasina sebep
olmaktadir. Saglik agisindan bu kadar 6nemli olan
bu katyonun su kalite ¢aligmalarinda incelenmesi
kaginilmaz bir parametredir. Yapilan analizler
sonucu elde edilen verilere gére Adana ili igme
sularinda kalsiyum seviyesi standartlar igerisinde
tespit edilmistir.

Suda ¢6ziinen ve suyu sert yapan bir diger katyon
magnezyum  iyonudur. Magnezyum, canli
hiicresinde potasyum ile birlikte en yaygin bulunan
elementidir. insan biyolojisinde magnezyum, saglik
igin gerekli minerallerden birisidir.  Insan
organizmasinda baslica kemiklerde, kaslarda ve
sinirsel dokularda bulunur. Ayni zamanda protein
ve niikleik asit sentezinde rol oynamaktadir.
Magnezyumun bu etkileri dikkate alindiginda su
kalitesi caligmalarinda 6nemli bir parametredir.
Yapilan analizler sonucu elde edilen verilere gore
Adana Ilindeki alman tiim su &rneklerinde
magnezyum standart seviyelerde bulundugu tespit
edilmistir.
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Oz

Iki farkl1 polimer kullanilarak degisik konsantrasyonlarda ¢ozeltilerden elektrolif gekim yéntemi ile iretilen
liflerin morfolojisi incelenmistir. Bu amagla poliakrilonitril (PAN) polimeri, dimetilformamid (DMF)
¢ozeltisinde %9, %12, %15 ve %18 konsantrasyonlarda olacak sekilde ¢oziilmiistiir. Polivinilalkol (PVA)
polimeri suda ¢oziilerek %12, %14, %16 konsantrasyonlarda ¢ozeltiler hazirlanmigtir. %18 PAN ¢o6zeltisi
ile nano lif iiretimi ger¢eklesmemistir. Diger konsantrasyonlarda her iki polimerle nanolif {iretimi
gergeklestirilmigtir. Konsantrasyon degeri arttik¢a boncuk olusumunda azalma gézlenmistir. Nanoliflerin
caplar1 taramali elektron mikroskobuyla (SEM) dl¢tilmistiir. Analizler i¢in SPSS programi kullanilmistir.
Daha onceki g¢alismalardan farkli olarak bu g¢alismada PAN nanoliflerinin siyah kagit yiizeyindeki
goriintimleri incelenmistir. PAN c¢dzeltisinde konsantrasyon %9 degerinden %12’ye yiikseldiginde lif
caplar1 artarken, konsantrasyon %12’den %15’e yiikseldiginde meydana gelen artisin istatistiki olarak
anlamli olmadig1 goriilmiistiir. PVA ¢o6zeltisinde konsantrasyon arttikca lif ¢aplarinin istatistiksel olarak
arttig1 goriilmistiir. PAN nanolif ag tabakalarinin kagit ylizeyindeki goriiniimleri karsilastirildiginda ¢ozelti
konsantrasyonunun lif dizilimi ve lifler aras1 bosluk gibi morfolojik 6zelikleri etkiledigi gdzlenmistir.

Anahtar Kelimeler: Elektrolif ¢ekimi, Konsantrasyon, Morfoloji, PAN, PVA
Relationship Between Solution Concentration and Nanofiber Diameter

Abstract

The morphology of fibers produced by the electrospinning method from solutions at different
concentrations using two different polymers was investigated. PAN polymer was dissolved in DMF
solution at 9%, 12%, 15% and 18% concentrations. PVA polymer was dissolved in water and solutions
were prepared at 12%, 14%, 16% concentrations. Nano fiber production was not realized with an 18% PAN
solution. Nanofiber production was carried out with both polymers at other concentrations. Decrease in
bead formation was observed as the concentration value increased. The diameters of the nanofibers were
measured with SEM. The SPSS program was used for analyses. Unlike previous studies, in this study, the
appearance of PAN nanofibers on the black paper surface was examined. While fiber diameters increased
when the concentration increased from 9% to 12% in PAN solution, it was observed that the increase when
the concentration increased from 12% to 15% was not statistically significant. It was observed that the fiber
diameters increased statistically as the concentration in the PVA solution increased. When the appearance
of PAN nanofiber mesh layers on the paper surface was compared, it was observed that the solution
concentration affected morphological properties such as fiber arrangement and interfiber spacing.

Keywords: Electrospinning, Concentration, Morphology, PAN, PVA
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1. GIRIS

Nanolifler gesitli uygulamalar i¢in essiz kimyasal,
mekanik, manyetik, optik ve elektronik 6zellikler
saglamaktadir. Basit donanmimlar ile imalat
yapilabilmesi ve {retimleri i¢in az enerji
gerektirmesi [1], olduk¢a genis ylizey alanina ve
yiiksek gozeneklilige sahip olmasi [2], maliyetinin
diisiik olmas1 gibi 6zellikler nanoliflere olan ilgiyi
artirmaktadir. Elektro lif ¢ekim yontemi nanolif
tiretiminde yaygin kullanilan bir yontemdir. Bu
yontem yiiksek voltaj gii¢ kaynagi, toplayici ve bir
¢ozelti besleme tinitesi ile igneden olusmaktadir
[3,4]. Elektro lif ¢ekim yonteminde nanoliflerin
olusumunu ve morfolojisini etkileyen c¢esitli
parametreler vardir. Bu parametreler 3 ana gruba
ayrilmaktadir. Cozelti veya eriyik parametreleri
(polimer yapisi, konsantrasyonu, vizkozitesi,
molekiiler agirligi, yiizey gerilimi, iletkenligi pH’1,
sicakligl), islem parametreleri (igne c¢api, ¢ozelti
akis hizi, gerilim, igne ve toplayici arasindaki
mesafe, toplayici plaka cinsi ve kalinligi, toplayici
tipi) ve gevresel parametrelerdir (sicaklik, nem,
basing, atmosfer tipi) [5-9].

Cozelti konsantrasyonunun lif morfolojisi tizerine
etkisini inceleyen c¢esitli calismalar vardir. Sislii
(2009), farkl1 ¢ozelti konsantrasyonlarinda 8-20 kV
arasinda voltaj uygulayarak poliakrilonitril liflerini
irettigi ¢aliymasinda konsantrasyon artisiyla
nanolif ¢aplarinda artis oldugunu gdstermektedir.
Ayrica, konsantrasyon arttik¢a boncuk olusumunun
azaldig1, %12 konsantrasyonda boncuklu yapinin
neredeyse olmadig1 soylenmektedir [10]. Ikiz, PVA
liflerini iirettigi ¢caligmasinda artan konsantrasyonla
birlikte lif capinin da arttigin1 gostermektedir.
Konsantrasyonun ¢ok diisiik oldugunda, polimerin
lif haline gelmeden yiizeye damladigi, tam tersi
durumda ise elektriksel kuvvetler yiizey gerilimini
ve viskoziteyi yenemediginden polimer akismnin
olmadigr  gozlenmistir [11].  Schueren ve
arkadaslari, polikaprolaktan (PLC) liflerini
tirettikleri ¢aligmada, konsantrasyonun diigsmesi ile
ortalama lif ¢aplarimin azaldigini gostermektedirler
[12]. Ustin, PVA ve PAN liflerini fiirettigi
calismada, konsantrasyon arttikca lif ¢apinin
arttigini, konsantrasyon ¢ok diigiik oldugunda ya da
cok yiiksek oldugunda lif elde edilemedigini
belirtmektedir [5]. Yener ve arkadaglari, farkli
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konsantrasyonlarda ¢o6zelti hazirlayarak PVB
liflerini {iretmiglerdir. Konsantrasyon arttik¢a lif
capmin arttigini, diisiik viskozitenin boncuk
olusumuna neden oldugunu belirtmektedirler [13].
Beypazar, PVA ve PAN liflerini {rettigi
calismasinda, konsantrasyon artiginin lif c¢apini
belirgin bir bigimde arttirdigini belirtmektedir [14].
Dehghan ve arkadaslari, ¢alismasinda PAN
polimerini kullanmaktadirlar. Diisiik
konsantrasyonun daha diisiik ¢apli nano lif iiretimi
sagladigi, ancak daha yiiksek boncuk sayisina
neden oldugunu belirtmektedirler [15]. Doustgani,
nano boyutta PVA liflerini {irettigi g¢aligmada
cozelti konsantrasyonu arttiginda lif c¢apinin
artigim1 gostermektedir  [16].  Karayegen,
konsantrasyon arttikca daha yogun lif olusumu
oldugunu sdylemektedir [17]. Polimerlerin
disindaki bir ¢alismada Miri ve arkadaslari, zein
liflerini asetik asitle ¢dzerek nanolif {iretimini
gergeklestirmektedirler. Cozelti
konsantrasyonunun artmastyla lif ¢capinda artig ile
birlikte diizglin ve boncuksuz lifler elde
edilmektedir [18].

Konsantrasyon ¢ok diisiikk oldugunda c¢ozeltinin
diisik viskozitesi ve yiiksek yiizey gerilimi
nedeniyle elektro egirme gerceklesmemekte, cozelti
pskiirmektedir. Konsantrasyon biraz
yiikseldiginde 1lif olusumu baslamakta ancak
boncuklu yap1 olusmaktadir. Konsantrasyon uygun
seviyeye  geldiginde plrilizsiz  lifler elde
edilmektedir [19,20]. Konsantrasyon yiiksek
oldugunda boncuk olusumu siklikla goriilmemekte
ancak daha biiyiik lif ¢caplari elde edilmektedir [21].
Cozelti seyreltik oldugunda molekiiler i¢i mesafe
genis olmakta, molekiiler i¢i etkilesim zayif
olmaktadir. Konsantrasyon arttiginda molekiiler i¢i
etkilesim artmaya baslamaktadir [22]. Molekiiler i¢i
etkilesimlerin  diisik olmast jet olusumunda
stireklilik saglayamamaktadir. Ayrica
elektromanyetik ~ kuvvetler bu etkilesimleri
asamazsa lif olusmamaktadir [23].

Literatiir arastirmasi sonucunda ¢Ozelti
konsantrasyonun artmasiyla lif g¢apmin arttigi
goriilmektedir. Ayrica konsantrasyonun
azalmasiyla boncuk olusumunun da arttigini
gosteren ¢alismalar mevcuttur. Bu ¢alismada PAN
ve PVA polimerleri kullanilarak, lif morfolojisi
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konsantrasyon parametresinde degisiklik yapilarak
incelenmistir. Deneyler sonucunda lif cap1 ve
boncuk olusumu ile ilgili olarak literatiire benzer
iliskiler elde edilmistir. Farkli olarak bu ¢alismada
PAN nanoliflerinin siyah kagit yilizeyindeki
goriinimleri  incelenmigtir. Boylece 6zellikle
konsantrasyon degisiminin lif dizilimi ve lifler aras1
bosluk gibi morfolojik 6zelikleri etkileme
mekanizmast anlagilmaya calisilmistir. Bununla
birlikte az sayida ¢alisilan polimer molekiil
agirhiginin etkisinin analizi gerceklestirilmistir.

2. MATERYAL VE METOT

2.1. Materyal

Calismada PAN polimeri, dimetilformamid (DMF)
solventinde oda sicakliginda ¢oziilerek polimer
¢ozeltileri  hazirlanmistir.  Kullanilan ~ PAN
polimerinin molekiil agirligi 150.000 g/mol diir.
%9’luk hazirlanan ¢6zeltinin viskozitesi 648 cp,
iletkenlik degeri 117 pS\cm oOlglilmiistiir. %12°1ik
hazirlanan ¢6zeltinin viskozitesi 891 cp, iletkenlik
degeri 116 pS\ecm’dir. %15°lik hazirlanan ¢6zeltinin
viskozitesi 1240 cp, iletkenlik degeri 113 puS\cm

Olclilmistir.  %18’lik  hazirlanan  ¢dzeltinin
viskozitesi 1830 cp, iletkenlik degeri 110
pS\em’dir.

PVA polimeri, su iginde ¢ozilereck polimer

¢ozeltileri  hazirlanmigtir.  Kullanilan  PVA
polimerinin  molekiil agirhigit  91.000-97.000
g/mol'diir.  %12’lik  hazirlanan  ¢dzeltinin
viskozitesi 796 cp, iletkenlik degeri 580 pS\cm
Olciilmiistir.  %14°lik  hazirlanan  ¢dzeltinin
viskozitesi 1145 cp, iletkenlik degeri 545
pS\em’dir.  %16’lik  hazirlanan  ¢dzeltinin

viskozitesi 1530 cp, iletkenlik degeri 510 puS\cm
Olciilmiistiir.

2.2. Metot
Calismada, siringa beslemeli elektro lif c¢ekim
diizenegi kullanilmigtir. Sekil 1°de deneylerde

kullanilan  elektro  lif  {iretim  diizenegi
goriilmektedir.
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Gig Kaynag

d o —

Lifler

\ »

Toplayict
Sekil 1. Elektro lif {iretim diizenegi

Bu diizenek yiiksek voltaj giic kaynagi, metal
toplayict (topraklanmis) ve polimer besleme
pompasi olmak iizere baglica {i¢ ana parcadan
olusmaktadir. Igne ucundaki polimer cozelti
damlas1 ile metal toplayici arasinda elektrostatik
alan olusturulmus, uygulanan voltaj, polimer ¢ézelti
damlasinin igneden piiskiirtiilmesini saglamistir.
Elektriksel kuvvetler sebebiyle polimer c¢ozelti
damlast uzayarak ¢ok ince bir lif haline gelmis,
¢ozilicii buharlasinca, yilizeye birikmis lif ag1 elde
edilmistir. 10 dakika boyunca nanolif iretimi
yapilmigtir. Tiim deneyler, normal atmosfer basinci
altinda ve oda sicakliginda yapilmistir. Deney
parametreleri Cizelge 1 ve Cizelge 2’de
verilmektedir.

Cizelge 1. Deney parametreleri (PAN)

Islem parametreleri Degerler
Elektrotlar Aras1 Mesafe 20 cm
Akis Hizi 1 ml/saat
Metal Toplayici Malzemesi | Bakir
Metal Toplayict Kalinlig: 10 mm

Metal Toplayict Sekli Daire (10 cm gapli)
22G (0,7 mm)
20 kV

%9 %12 %15 %18

Igne Capi
Voltaj Miktar1

Konsantrasyon
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Cizelge 2. Deney parametreleri (PVA)

Islem parametreleri Degerler
Elektrotlar Arast Mesafe 20 cm

Akis Hizi 1 ml/saat

Metal Toplayicit Malzemesi | Bakir

Metal Toplayict Kalinlig: 10 mm

Metal Toplayict Sekli Daire (10 cm ¢apli)
igne Cap1 22G (0,7 mm)
Voltaj Miktar1 25kV
Konsantrasyon %12 %14 %16

Calismada elektro lif ¢ekim yontemiyle nanolif
iretiminde, konsantrasyon miktarinin nano ag
yapmin morfolojisine etkisi incelenmistir. Bunun
icin Cizelge 1 ve Cizelge 2’de verilen deney
parametreleri ile calisilmastir. Cozelti
konsantrasyonu haricinde tiim parametreler sabit
tutularak, farkli konsantrasyon degerlerinde
caligilmistir.  Uretilen nano liflerin  caplarim
belirlemek i¢in SEM kullanilmistir. Her bir farkli
konsantrasyon degeri i¢in 40 ¢ap Slglimii yapilarak
ortalama lif ¢apt hesaplanmigtir. Elde edilen
nanoliflerin  inceliklerinin istatistiksel — olarak
kargilagtirilmasinda tek yonlii varyans analizi (One-
Way ANOVA) ve Tukey testi yapilmistir.
Analizlerin yapilabilmesi ic¢in verilerin normal
dagilima uymasi ve varyanslarin homojen olmasi
gerekmektedir. Bu  sebeple normallik ve
varyanslarin  homojenligi testleri yapilmstir.
Istatistiksel ~analizlerde SPSS  programindan
yararlantlmigtir.

3. BULGULAR VE TARTISMA

3.1. PAN Nanoliflerinin Cap Degisimi

%09, %12, %15 ve %18 konsantrasyonlarda polimer
cozeltileri ile calistlmistir. Oncelikle %18 PAN

¢ozeltisi ile liretim yapilmaya ¢alisilmistir. Cizelge
1’de verilen parametreler ayarlanip sisteme 20 kV

778

gerilim  verildiginde  nano lif  dretimi
gerceklesmemistir.  Gerilim 25 kV  degerine
¢ikarildiginda lif olusumu baslamisg, ancak bir siire
sonra polimer c¢ozeltisinin igne ucunu tikamasi
sonucunda tretim durmustur. Cozelti
konsantrasyonu arttiginda lif olusumu igin gerekli
olan geriliminde arttirilmas1 gerektigi sonucuna
varilmistir. Cozeltinin konsantrasyonu arttiginda
viskozitesi de artmaktadir. Dolayistyla polimer jetin
olusabilmesi icin gereken gerilim de artmaktadir
[1]. Bu durumda ayrica daha genis capli igne ucu
kullanilmas: gerektigi gézlemlenmistir. %9, %12 ve
%15 PAN ¢ozeltileriyle Cizelge 1’de verilen
parametrelerde nano lif liretimi gerceklestirilmistir.
Cozelti konsantrasyonu azaldiginda damlamalarin
arttig1 goriilmiistir. Diger bir degisle konsantrasyon
degeri arttikga boncuk olusumunda azalma
meydana gelmistir. Bu durum Cizelge 3’te verilen
SEM  goriintiilerinde  agikca  goriilmektedir.
Gorildiugh tzere %15 konsantrasyonlu ¢ozelti ile
iiretilen nanoliflerde neredeyse hi¢ boncuklu yap1
olusmamustir. Elektrolif ¢ekim yontemi ile nanolif
iiretiminde ¢ozelti konsantrasyonunun belirli bir
degerin iistiinde olmas1 gerekmektedir. Belirli bir
degerin altinda lif ¢cekimi zorlagsmakta ve damlama
meydana gelmektedir. Bu kritik konsantrasyon
degerinin altinda nano liflere boncuk olusumu eslik
etmektedir [24]. Cozelti konsantrasyonu yiiksek
oldugunda yiiksek viskozite nedeniyle lif
olusmamakta, konsantrasyon diisiik oldugunda
ylizey gerilimi nedeniyle damlamalar olusmaktadir
[25]. Viskozite azaldik¢a boncuk olusumu
artmaktadir [26]. Boncuk olusumu ¢ozelti
konsantrasyonuyla yiiksek derecede baglantilidir
[27]. Habeeb ve Abdulkadhim (2021), polimerik
sivilarin en Onemli parametrelerinden birinin
polimerik ¢dzeltinin konsantrasyonu ve bunun
stvinin viskozitesi ile dogrudan iligkisi oldugunu
belirtmistir. Viskozite diistiikk¢e 1ifli dokuda olusan
boncuklarin sayist ve boyutlarinin ¢ok olmasi gibi
problemlerle kargilagilir. Bu durum, liflerin
performansinda zayifliga yol acarak mithendislik ve
tip uygulamalarin sinirlamaktadir [28].
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Cizelge 3. Farkli konsantrasyon degerlerinde elde edilen nano liflerin SEM goriintiileri

Konsantrasyon %9 %12
SEM goriintiileri
(3,50 kx)
Konsantrasyon %15 %18
SEM goriintiileri .
Uretim olmadi
(3,50 kx)

%15 konsantrasyonda elde edilen lifler %9 ve %12
konsantrasyonlarinda elde edilen liflere gore daha
genis alana yayilmiglardir (Cizelge 4). Gorildigi
iizere konsantrasyon azaldikga lifler daha fazla bir

araya toplanma egilimindedir. Ancak
konsantrasyon azalisi sonucu goriilen damlama
artist ile lif olusumunun azalmasi da kagit
yiizeyinde goriilmektedir.

Cizelge 4. Farkli konsantrasyon degerlerinde elde edilen nano liflerin kagit yilizeyindeki goriiniimleri

Konsantrasyon %9

%12 %15

Kagit ylizeyindeki

gorinim

Konsantrasyonun artmasi boncuksuz bir yap1 elde
edilmesine olanak saglamakla birlikte nano lif
caplarinda  artisa  neden  olmustur. %9
konsantrasyonda iiretilen nanoliflerin ortalama gap1

C.U. Miih. Fak. Dergisi, 38(3), Eyliil 2023

539,88 nm iken bu deger %12 konsantrasyonda
547,78 nm ve %15 konsantrasyonda 553,58 nm’dir
(Sekil 2). Sekil 2°de goriildiigii gibi konsantrasyon
arttikca lif cap1 artmaktadir.
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555
550
545
540
535

Nanolif capi (nm)

530
9%

12% 15%

Konsantrasyon (%)

Sekil 2. Farkli konsantrasyon degerlerinde elde edilen nano liflerin ortalama ¢ap degerleri

Lif ¢ap1 verilerindeki degisimin istatistiksel olarak
anlaml1 olup olmadigini gérebilmek igin parametrik
testler yapilmistir. Normal dagilima uygunlugun
tespiti i¢in Shapiro-Wilk testi ve varyanslarin

homojenligi testleri yapilmistir. Cizelge 5’te
goriildigi lizere ¢ap verileri normal dagilima
sahiptir (p>0,05). Aynmi c¢izelgeden varyanslarin
homojen oldugu goriilmektedir (p>0,05).

Cizelge 5. Normallik ve varyanslarin homojenligi testi sonuglar1

Konsantrasyon (%) Shapiro-Wilk Statistic df p
Cap 9 0,96 40 0,13
12 0,95 40 0,06
15 0,95 40 0,09
Varyanslarin Homojenligi testi
Cap Levene Statistic dfl df2 p
0,20 2 117 0,67
Farkli konsantrasyon degerleri icin gruplar 0,05’ten  biiyik olmasi  nedeniyle, artan
arasindaki lif ¢ap1 farklarinin istatistiksel olarak  konsantrasyonun lif c¢aplar1 {izerinde anlamh

anlamliligimin tespitinde tek yonlii varyans analizi
yapimistir. Cizelge 6’da goriildiigli iizere analiz
sonucunda konsantrasyon faktoriiniin seviyeleri
arasindaki farklar istatistiksel olarak Onemli
bulunmustur (p<0,05). Konsantrasyonu gosteren 3
seviyenin (%9, %12, %15), lif inceligini gosteren
cap ortalamalar1 bakimindan, hangilerinin farkli
oldugu Tukey testi ile bulunmustur (Cizelge 6).
Buna gore %9 ve %12 konsantrasyonlar1 arasinda
cap acisindan anlamli fark oldugu gorilmistiir
(p<0,05). %12 ve %15 arasinda ¢ap agisindan
anlamli fark olmadigr goriilmistir (p>0,05).
Konsantrasyon degerinin artirilmasi ile lif ¢apinin
dogru orantili bir sekilde artmadigi goriilmektedir.
Sekil 2’de goriuldigii tizere konsantrasyonun
%12’den %15’e ¢ikarilmasiyla elde edilen liflerin
ortalama c¢aplarinda artis meydana gelmektedir.
Ancak yapilan Tukey testi sonucu, p degerlerinin
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etkisinin olmadig1 goriilmektedir. Konu ile ilgili
yapilan ¢alismalar incelendiginde biiyiik bir
kisminda ¢ozelti konsantrasyonunun liflerin ¢api
iizerinde Onemli bir etkisi oldugu sonucuna
varitlmistir  [29-31]. PAN  polimerinin DMF
solventinde ¢dziilerek ¢ozeltinin hazirlandigt ve
¢oklu jetlerin elde edildigi bir ¢alismada,
nanoliflerin ¢apinin 133.07421.66 nm'den (¢dzelti
konsantrasyonu agirlikca %8) 351.69 +40.98 nm'ye
(¢ozelti konsantrasyonu agirlikca %14) dogrusal
olarak artt1ig1 gorilmiistiir. Cozelti
konsantrasyonunun diismesiyle ¢dzelti viskozitesi
diismekte ve bu durumda daha az makromolekiiler
zincirin nano lif olusturmak tizere dolanabilecegi
anlamina gelmektedir. Boylece daha diisiik ¢ozelti
konsantrasyonuyla daha ince lifler, daha yiiksek
¢ozelti konsantrasyonuyla daha kalin lifler elde
edilebilir [32]. PAN polimerinin DMF solventinde
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coziilerek ¢ozeltinin hazirlandigi ve ¢oklu jetlerin
elde edildigi bir baska c¢alismada, ¢ozelti
konsantrasyonunun, ortalama nanolif ¢ap1 iizerinde
onemli bir etkisi oldugu, konsantrasyon arttikca
daha kalin liflerin elde edildigi belirtilmistir [33].
Bununla birlikte Khamforoush ve
Agha-Moalapour, toplayict ¢apina goére orta

Cizelge 6. Varyans analizi ve Tukey testi sonuglari

Gonca SIMSEK GUNDUZ

boydaki toplayic1 caplari icin konsantrasyonun
etkisinin O6nemsiz oldugunu belirtmektedir [34].
Thirugnanasambandham ve Sivakumar, c¢dzelti
konsantrasyonu  belli bir degerin iizerinde
oldugunda, lif capina etkisinin ihmal edilebilecegini
gostermektedir [35].

Varyans analizi
Kareler toplami Serbestlik derecesi Kare ortalamasi F p
Gruplar arasinda 3783,20 2 1891,60 13,74 0,000
Gruplar i¢inde 16107,73 117 137,67
Toplam 19890,93 119
Tukey testi
(1-))
(I) Konsantrasyon | (J) Konsantrasyon Ortalama fark p
%9 %12 -7,90 0,009
%15 -13,70 0,000
o %9 7,90 0,009
/ol12 %15 -5,80 0,074
o %9 13,70 0,000
/015 %12 5,80 0,074

3.2. PVA Nanoliflerinin Cap Degisimi

PAN liflerine benzer sekilde konsantrasyonun
artmas1 boncuksuz bir yap1 elde edilmesine olanak
saglamakla birlikte nano lif ¢aplarinda artisa neden
olmustur. %12  konsantrasyonda iretilen

560
550
540
530
520

510

Nanolif capi (nm)

500

490
12%

nanoliflerin ortalama ¢ap1 510,38 nm iken bu deger
%14 konsantrasyonda 532,40 nm ve %l6
konsantrasyonda 548,26 nm’dir (Sekil 3). Sekil 3’te
goriildigii gibi konsantrasyon arttikca lif c¢ap1
artmaktadir.

14%

16%

Konsantrasyon (%)

Sekil 3. Farkli konsantrasyon degerlerinde elde edilen nano liflerin ortalama ¢ap degerleri
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Cizelge 7°de gorildiigii tizere cap verileri normal
dagilima sahiptir (p>0,05). Ayni cizelgeden
varyanslarin homojen oldugu da goriilmektedir
(p>0,05). Cizelge 8’de verilen tek yonlii varyans
analizi sonucu incelendiginde konsantrasyon
faktoriiniin ~ seviyeleri  arasindaki  farklarin
istatistiksel olarak Onemli oldugu gorilmiistir
(p<0,05). Konsantrasyonu gosteren 3 seviyenin
(%12, %14, %16), lif inceligini gosteren ¢ap
ortalamalar1 bakimindan, hangilerinin farkli oldugu
Tukey testi ile bulunmustur (Cizelge 8). Cizelge 8
incelendiginde %12, %14 ve %16
konsantrasyonlar1 arasinda ¢ap agisindan anlamli
fark oldugu goriilmiistiir (p<0,05). Konsantrasyon
arttikca lif capmin istatistiksel olarak arttig
sonucuna varilmistir. Yapilan calismalarin biiyiik
bir kisminda diisiik konsantrasyon seviyelerinin
daha ince lif iiretimi ile sonuglandig1 goriilmiistiir.
Yeoh (2009), daha diisiik konsantrasyonun daha
diisiik lif ¢apina neden oldugunu belirtmistir [36].
Dehghan ve ark. (2015), lif ¢cap1 ve boncuk sayisina
en fazla etki eden faktorii konsantrasyon olarak
belirlemislerdir. Konsantrasyon distiik¢e elde
edilen liflerin ¢aplarinin diistiigiinii ancak boncuk
sayisinin arttigini gostermislerdir [15]. Denghan ve
ark. (2016), calismalarinda diisiik konsantrasyon
seviyelerinde daha ince lifler iiretmiglerdir [37].
Zhu ve ark. (2017), tel elektrodlarla yaptiklar
calismada konsantrasyon agirlikca %8 oldugunda
neredeyse tiim liflerin yapisinda boncuklarin
oldugunu, konsantrasyon agirhk¢a  %10'a
yiikseldiginde boncuklarin kayboldugunu ancak
birgok lifin birbirine baglanip perdeli gibi

uzandigmi, konsantrasyon agirlikca %10'un
iizerinde oldugunda, daha belirgin kati liflerin
ortaya ¢iktigini gdrmiistiir. Bu goriintiiler ile ¢ozelti
konsantrasyonunun liflerin morfolojisi {izerinde
¢ok onemli bir etkiye sahip oldugu sonucuna
vartmistir.  Ayrica  konsantrasyonun lif ¢ap1
iizerinde etkili oldugu belirtilmistir [38]. Jian ve
ark. (2018), calismalarinda konsantrasyon agirlikca
%6'dan agirlikca %2'ye diistiigiinde nanoliflerin
ortalama ¢aplarinmn beklendigi gibi distiiglini
belirtmistir.  Konsantrasyon  agirlikca  %]1°e
diistiigiinde daha ince liflerin elde edildigi ancak
boncuklu yapilarinda oldugu  gosterilmistir.
Boncuklu yapilarin polimer zincirler arasindaki
yetersiz molekiiller arasi dolagma nedeniyle
olabilecegi belirtilmistir [39].

Molekiil agirlig1 daha biiyiik olan PAN ile iiretilen
nanoliflerde ortalama lif ¢aplarimin PVA’ya gore
daha yiiksek oldugu goriilmiis ve molekiil agirligi
arttikca lif capmin arttifi sonucuna varilmistir.
Literatiir ~arastirmasi sonucunda az sayida
¢alismanin polimer molekil agirliginin lif yapisi ile
ilgili etkisine odaklandig1 goriilmiistiir. Koski ve
ark. (2004), PVA bazli nanoliflerin yapisinin farkl
molekiiler agirliklara gore degistigini gdstermistir.
Ayrica molekiiler agirligm artmasiyla birlikte lif
capt ve lifler arast araligin arttifida belirtilmistir
[40]. Pant ve ark. (2011), molekiil agirliklarinin lif
morfolojisini etkiledigini belirtmistir [41]. Zhang
ve ark. (2018), farkli molekiil agirliklarmin ve
secilen ¢dziiciilerin, ¢ozeltilerin konsantrasyonunu
ve viskozitesini, dolayisiyla 1if morfolojisini
etkiledigini belirtmistir [42].

Cizelge 7. Normallik ve Varyanslarin Homojenligi testi sonuglar1

Konsantrasyon (%) Shapiro-Wilk Statistic df p

12 0,98 40 0,26
Cap
14 0,97 40 0,09
16 0,96 40 0,32
Varyanslarin Homojenligi testi
Levene Statistic dfl df2 p
Cap

0,20 2 117 0,35
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Cizelge 8. Varyans analizi ve Tukey testi sonuclari

Gonca SIMSEK GUNDUZ

Varyans analizi
Kareler toplami Serbestlik derecesi Kare ortalamasi F p
Gruplar arasinda 3448.40 2 1696,28 11,72 0,000
Gruplar i¢inde 17280,72 117 148,63
Toplam 20960,55 119
Tukey testi
(I-J)
(I) Konsantrasyon | (J) Konsantrasyon Ortalama fark p
%12 %14 -8,20 0,000
° %16 -12,80 0,000
%12 8,20 0,000
0 > )
vold %16 -4,30 0,000
%12 12,80 0,000
0 > )
7016 %14 4,30 0,000
4. SONUCLAR konsantrasyon degerlerinde elde edilen nanolif ag

iki farkli polimerle degisik konsantrasyonlarda
hazirlanan ¢ozeltilerle yapilan c¢aligma ile bu
parametrenin lif morfolojisi {izerindeki etkisi
anlagilmaya caligiimistir.

Oncelikle %18 PAN c¢ozeltisi ile iiretim denenmis
ancak kullanilan parametreler ile nano lif {iretimi
gergceklesmemistir.  Gerilim  artirildiginda  1if
olusumu baglamistir. Bu sekilde konsantrasyon
arttiginda polimer jetin olusabilmesi igin daha
yiiksek gerilime ihtiyact oldugu goriilmiistiir. %09,
%12 ve %15 PAN c¢ozeltileriyle nano lif liretimi
gerceklestirilmigtir. Konsantrasyon degeri arttikca
boncuk olusumunda azalma gozlenmistir. Bu
durumun konsantrasyon artist ile artan molekiiler
ici etkilesime bagli oldugu distiniilmektedir.
Etkilesim arttiginda jet olusumunda siireklilik
saglanmaktadir. Konsantrasyon %9 degerinden
%12’ye yiikseldiginde istatistiki olarak lif ¢aplari
artmistir.  Konsantrasyon  %12’den  %]15’¢
yiikseldiginde lif c¢aplarinda artis gdzlenmekte,
ancak bu artigin anlamli olmadig; istatistiksel olarak
goriilmistiir. Dolayisiyla belli bir konsantrasyon
degerine kadar artan konsantrasyonun lif ¢aplarini
artirdigi  sdylenebilmektedir. Konsantrasyonun
artmastyla birlikte artan viskoelastik kuvvetler
jetteki Whipping kararsizligi azaltirlar. Boylece
jetin gidecegi yol azalmaktadir. Bu durumda jetin
elektrostatik alanda kalacagi zaman azalacagindan
daha kalin lifler elde edilmektedir. Farkli
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tabakalarmin  kagit yilizeyindeki gdriintimleri
kargilagtirildiginda ¢ozelti konsantrasyonunun lif
dizilimi ve lifler arasi bosluk gibi morfolojik
ozelikleri etkiledigi gorilmiistiir. Konsantrasyon
azaldik¢a lifler daha fazla bir araya toplanma
egilimindedir. Malzeme iletkenliginin diismesiyle
liflerin {stlerindeki yiikii tam olarak toplayiciya
bosaltamadiklar1 ve bunun sonucunda birbirlerini
iterek dagildiklar1 sonucuna varilmaistir.

%12, %14 ve %16 PVA c¢ozeltileriyle nano lif
iiretimi gergeklestirilmistir. Cozelti
konsantrasyonun artmasiyla nano lif ¢aplarinda
istatistiksel olarak artis gozlenmistir. PAN ile
iiretilen nanoliflerde ortalama lif ¢aplarinin PVA’ya
gore daha yiiksek oldugu goriilmiistiir. Molekiil
agirhgr arttikga lif capmin arttigi  sonucuna
varilmistir.

Sonraki ¢aligmalarda optimum kosullarda nanolif
iiretimini gerceklestirebilmek i¢in deneysel tasarim
yontemlerinden yararlanilabilir.
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Abstract

Skin cancer is a common form of cancer that affects millions of people worldwide. Early detection and
accurate diagnosis of skin cancer are crucial for effective treatment and management of the disease. There
has been a growing interest in using deep learning techniques and computer vision algorithms to develop
automated skin cancer detection systems in recent years. Among these techniques, convolutional neural
networks (CNN) have shown remarkable performance in detecting and classifying skin lesions. This paper
presents a comprehensive study using CNN and deep learning techniques for skin cancer detection using
the International Skin Imaging Collaboration (ISIC) dataset. The proposed architecture is a compact deep
CNN that is trained using a dataset of benign and malignant skin lesion images. The proposed architecture
has achieved 84.8% accuracy, 83.8% TPR, 83.7% TNR, 81.6% Fl-score and 80.5% precision for
performance evaluation. The experimental results show promising results for the accurate and efficient
detection of skin cancer, which has the potential to improve the diagnosis and treatment of this life-
threatening disease.

Keywords: Skin cancer, Convolutional neural network, Deep learning, Isic dataset, TensorFlow

Ozel Derin Konvoliisyonel Sinir Ag1 Kullanarak Cilt Kanseri Tanima
Oz

Cilt kanseri, diinya genelinde milyonlarca insani etkileyen ciddi ve yaygin bir kanser tirtdiir. Cilt
kanserinin erken teshisi ve dogru tanisi, hastaligin etkili bir sekilde tedavi edilmesi ve yonetilmesi i¢in
onemlidir. Son yillarda derin dgrenme tekniklerinin ve bilgisayarli gorii algoritmalarinin otomatik cilt
kanseri tespit sistemleri gelistirmek i¢in kullanilmast konusunda biiytik bir ilgi bulunmaktadir. Bu teknikler
arasinda konvoliisyonel sinir aglari (CNN), cilt lezyonlarin1 tespit etme ve siniflandirmada dikkate deger
bir performans gostermistir. Bu makalede, Uluslararasi Cilt Goriintiileme Isbirligi (ISIC) veri seti
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kullanilarak cilt kanseri tespiti icin CNN ve derin 6grenme tekniklerinin kapsamli bir caligmasini
sunmaktayiz. Onerilen mimari, dzellestirilmis derin CNN kullanilarak egitilmis olan, benign ve malign cilt
lezyonu gériintiilerinin bir veri setini kullanmaktadir. Onerilen mimari, performans degerlendirmesi icin
84.8% dogruluk, 83.8% TPR, 83.7% TNR, 81.6% F1-skoru ve 80.5% hassaslik elde etmistir. Deneysel
sonuglar, cilt kanserinin dogru ve verimli bir sekilde tespiti i¢in umut verici sonuglar géstermektedir ve bu
yasami tehdit eden hastaligin teshis ve tedavisini iyilestirme potansiyeline sahiptir.

Anahtar Kelimeler: Cilt kanseri, Konvoliisyonel sinir ag1, Derin 6grenme, Isic veri sesti, Tensor Akisi

1. INTRODUCTION

Skin cancer is one of the most common types of
cancer globally, and its incidence rate is increasing
every year. Early skin cancer detection is crucial for
successful treatment and improved patient
outcomes [1,2]. Skin cancer happens when skin
cells grow abnormally. It starts as a small, dark spot
or bump and can spread if not treated in the early
stages [3]. The categorization of skin cancer is
based on its histopathological features, and it is
broadly classified into four types: basal cell
carcinoma (BCC), melanoma, actinic keratoses
(AK), and squamous cell carcinoma (SCC), as
documented in the literature [4-7]. The American
Cancer Society claims that there were 9.5 million
cancer-related deaths and 17 million new cancer
diagnoses recently [8].

Skin cancer can be diagnosed using a variety of
methods [9,10]. Visual inspection is the most
common method of skin cancer diagnosis. A
dermatologist or physician examines the skin using
a magnifying glass or a dermatoscope to look for
any abnormal growths, lesions, or moles. In
addition, biopsy and dermoscopy can be performed
during the visual inspection. However, traditional
skin cancer diagnostic methods are based on
dermatologists' visual inspection, which can be
time-consuming and prone to inter-observer
variability [11]. Molecular testing involves
analysing the DNA or RNA of skin cells to detect
genetic mutations associated with skin cancer.
Molecular testing can be used to identify high-risk
patients and guide treatment decisions. Computer-
assisted diagnosis involves the use of specialized
software that analyses digital images of skin lesions
to detect signs of cancer. This method can help
increase the accuracy of diagnosis and reduce the
need for unnecessary biopsies. Thus, recently,
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machine learning algorithms and computer vision
techniques have shown promising results in
automated skin cancer detection [12].

Convolutional Neural Networks (CNNs) are a type
of deep learning algorithm that has shown
remarkable performance in image classification
tasks [13]. CNNs are the most popular deep-
learning technology used in computer vision for
efficient medical diagnosis, particularly for skin
cancer [14]. CNN can learn to extract features
autonomously, making it a more effective approach
for medical diagnostics compared to typical
machine learning algorithms [15,16]. In addition, an
effective deep-learning model for skin cancer
diagnosis can increase the chances of survival by
99% [17].

CNNs can learn and identify complex patterns in
images, making them an ideal choice for skin cancer
detection. CNNs have been shown to be highly
effective in classifying skin lesions for the purpose
of skin cancer diagnosis [18]. These deep learning
algorithms are designed to recognize patterns in
images and can learn to differentiate between
different types of skin lesions based on their visual
features. A dataset of labelled images is needed to
train a CNN for skin lesion classification. This
dataset is typically divided into a training set, a
validation set, and a test set. The CNN is trained on
the training set, and the validation set is used to
monitor its performance and adjust its parameters.
The test set is then used to evaluate the final
performance of the CNN [19]. CNNs can be trained
to classify skin lesions into different categories,
such as benign and malignant, or to identify specific
types of skin cancer, such as melanoma or basal cell
carcinoma. The CNN learns to recognize patterns in
the images that are associated with each category
and can make predictions on new, unseen images
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based on these patterns. Several studies have shown
that CNNs can achieve high levels of accuracy in
skin lesion classification, often outperforming
human experts [20].

Thus, we propose a compact custom design CNN-
based approach for skin cancer detection using the
International Skin Imaging Collaboration (ISIC)
dataset in this paper. ISIC is one of the most widely
used datasets for skin cancer detection [21]. It is a
publicly available dataset that contains over 23,000
images of skin lesions, including benign and
malignant cases, along with their corresponding
labels. We trained and evaluated our model using
the TensorFlow deep learning framework.

The main contribution of this work is the
development of an accurate and efficient skin
cancer detection system that contains fewer
parameters, can yield a fast inference time, and can
be used in small devices such as smart phones that
can aid patients in making early decisions before
contacting dermatologists. This type of application
can be especially useful when people are stuck at
home.

The rest of the paper is organized as follows:
Section 2 provides a brief overview of related work
in the field of skin cancer detection using deep
learning. Section 3 describes the methodology used
in this work, including the dataset preparation,
model architecture, and training process. Section 4
presents the experimental results and a comparative
analysis with state-of-the-art methods. Finally,
Section 5 concludes the paper and discusses future
directions for research in this area.

2. RELATED WORK

Skin cancer recognition with the use of a
convolutional neural network has gained more
attention over the past years. Several studies have
been conducted in this area, including face
recognition [9], object detection [11], and image
classification [22] using CNN networks. From
literature studies on skin cancer recognition, a lot of
CNN pattern recognitions have been suggested.
Pre-processing and pro-processing phases are
typically combined in algorithms.
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The study in [6] introduces a novel deep transfer
learning model using MobileNetV2 to classify
melanoma. The ISIC 2020 dataset, with a severe
class imbalance, was used, and various data
augmentation techniques were applied. Results
show that the proposed model outperforms existing
methods in accuracy and computational efficiency,
offering promise for enhancing melanoma
diagnosis and patient outcomes. A deep spiking
neural network with the surrogate gradient descent
method to classify skin lesion images (3670
melanoma and 3323 non-melanoma) from the ISIC
2019 dataset is used in [19]. The proposed spiking
VGG-13 model outperforms VGG-13 and AlexNet
with fewer parameters. This highlights the potential
of spiking neural networks to improve skin cancer
diagnosis and reduce related deaths.

In [23], a deep learning-based methodology was
described in which the skin lesions were first pre-
processed using the decorrelation formulation
method and then further segmented using MASK-
RCNN. DenseNet was used to extract features from
the segmented image. The entropy-controlled least
squares-based SVM approach is then used to
identify the best features. The HAMI10000,
ISBI2016, and ISBI2017 datasets were used to
conduct the experiment. This dataset’s respective
accuracy percentages were 96.3%, 94.8%, and
88.5%.

In addition, a new deep learning-based system for
segmenting and categorising skin lesions was
proposed in [24]. The segmentation was carried out
using the mask recurrent neural network (MRNN).
In addition, the Pyramid Network function was
utilized using Resnet-50 for the feature extraction
process, while the SoftMax classifier was also
utilized for the lesion classification process [25].
Therefore, deep learning methods were assessed
using the HAMI10000 dataset, which had an
accuracy of 86.5%, to produce consistent
performance. In [26], the authors investigated how
image scaling affected the categorization of skin
lesions by a CNN network. The authors scaled the
images to six different sizes. Hence, three CNN
architectures, such as EfficientNetBO,
EfficientNetB1, and SeReNeXt-50, were used in
classifying the images. An ensemble-based
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technique for multiscale multi-CNN fusion (MSM
CNN) was proposed and evaluated. This approach
made use of three different CNN models. The
proposed approach was developed using a variety
of cropped image sizes. Using the ISIC2018 dataset,
the MSM CNN method produced an accuracy of
86.2%. They also discovered that cropping images
gave better results than enlarging them.

In addition, an integrated diagnostic framework that
comprises a step for segmenting the boundaries of
skin lesions and a stage for classifying numerous
skin lesions was proposed in [27]. First, the authors
used a deep learning full-resolution convolutional
network (FrCN) to separate the borders of the skin
lesions from all of the dermoscopy images. The
segmented skin lesions were then subjected to a
convolutional neural network classifier (ResNet-
50) for classification. The International Skin
Imaging Collaboration (ISIC) 2018 dataset, which
contains seven different types of skin lesions, was
used to assess the suggested deep-learning model
independently. The total weighted prediction
accuracy of the ResNet-50 model, which measures
its performance, is 89.28%. The effectiveness of
employing 17 frequently pre-trained CNN
architectures was investigated in [28] as feature
extractors. In addition, 24 machine learning
classifiers were employed to evaluate the
classification of skin lesions from the ISIC 2019
dataset and recommend DenseNet201+Fine KNN.
The authors then obtained the greatest accuracy
score for the ISIC 2019 dataset at 92.34% using a
DenseNet201 and Fine KNN combination.

However, the present research shows that there is
still a need for improvement in both the
classification and recognition of skin cancer,
despite the fact that much work has been suggested
in the automated recognition of skin cancer. By
using splitting methodologies as part of cancer
recognition research, this paper will focus on skin
cancer recognition using a deep convolutional
neural network.

3. MATERIALS AND METHODS

A dataset of labelled skin lesion images is needed to
train and test the proposed custom CNN model.
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Hence, the ISIC dataset is a commonly used dataset
for skin lesion classification and is also used in this

paper.

The skin lesion images are pre-processed before
they can be used for training. This may include
resizing, cropping, or normalising the images.
Therefore, a custom CNN architecture is designed
and implemented using a deep learning framework
such as TensorFlow. The architecture typically
consists of several layers of convolutional and
pooling layers, followed by one or more fully
connected layers. After that, the CNN is trained on
the labelled skin lesion images using a loss function
and an optimisation algorithm. The goal is to
minimise the loss function by adjusting the
parameters of the CNN. The performance of the
CNN is evaluated using a validation set of images
that are not used in training. The accuracy,
precision, recall, and Fl-score of the CNN are
typically calculated to assess its performance. Then,
the final performance of the CNN is evaluated using
a test set of images that are not used in training or
validation. The accuracy and other performance
metrics are calculated to assess CNN's ability to
classify new, unseen images.

3.1. Datasets

The ISIC has created a publicly available skin
disease dataset for the computer vision community
worldwide to help reduce skin cancer mortality and
support digital skin imaging. Kaggle is an
accessible solution for this ISIC dataset [21,29].
This dataset is made up of 3,297 skin cancer (both
malignant and benign) images. A malignant class
contains 1,497 images, in contrast benign class
contains slightly more images, that is 1,800.

3.2. Network Model Architecture

In this paper, a custom CNN framework is utilised
for the automatic recognition of skin cancer images.
The proposed architecture uses convoluted filters to
analyse various image input structures and retrieve
necessary information from the images. Figure 2
shows the proposed network architecture.
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Figure 1. Samples of skin-cancer images of both Benign and Malignant in the dataset
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Figure 2. Proposed CNN model

The input to the proposed network is images
measuring [224x224] by 3, where the length,
breadth, and channel size are represented by these
values. The proposed model has six convolutional
layers, each followed by batch normalisation and
ReLU activation. The model takes in an input image
of size [224x224x3] pixels, which is rescaled to a
range of (0,1). The first convolutional layer has 32
kernels of size 3, and the output dimensions are
[222x222x32]. The first max-pooling layer reduces
the output dimensions to [111x111x32] with a pool
size of 2. The subsequent convolutional layers have
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64, 128, 256, 512, and 1024 kernels of size 3,
respectively. The output dimensions for each layer
decrease with the use of max-pooling, resulting in
[109x109x64], [52x52x128], [24x24x256],
[10x10x512], [3x3x512], and [1x1x1024],
respectively. After the final convolutional layer, the
output is flattened, and a binary output layer with a
sigmoid activation function is connected for the
final classification.

The model's architecture enables it to capture
increasingly complex features in the input image as
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it progresses through the layers, allowing for the
accurate detection of skin cancer. The pool size for
the sixth max-pooling layer, which has dimensions
of [1x1x1024], is 2.

3.3. Convolutional Neural Network Training

The skin cancer recognition model architecture and
training environment involve a two-stage process:
the forward step of sending input data through the
network and the backpropagation process of
adjusting weights based on training data. The
weight adjustments are comprised of a forward
pass, loss function, backward pass, and weight
update. Various training choices, such as initial
learning rate, batch size, maximum epochs, and
training plot, are specified in the study.

An epoch is a complete pass over the training
dataset, and the maximum epoch is a user-defined
variable that controls the number of times the
algorithm loops over the data. The maximum epoch
value is determined by balancing model
performance and computing time. Hence, it is often
determined through testing. In addition, the learning
rate is a critical hyperparameter in deep learning
models trained using stochastic gradient descent.
Low learning rates lead to more reliable training but
slower optimisation, while excessively high rates
can cause weight fluctuations and divergence.
Depending on the historical gradient data,
RMSprop adjusts the learning rate for each weight
(model parameter). In order to do this, the learning
rate is divided by an exponentially decaying
average of the sum of squares, which helps
eliminate instabilities and speeds up integration
[30,31]. RMSprop has been utilised in a range of
applications, including language modelling, image
classification, and machine translation, and has
been proven to be particularly successful at training
DNNs on big and noisy datasets [32-34].
Furthermore, batch size refers to the number of
samples processed in one iteration during training,
allowing the use of stochastic gradient descent. This
hyperparameter affects both training time and
model performance by regulating the amount of
data used in each iteration. A larger batch size
speeds up training but requires more memory, while
a smaller batch size reduces memory usage but may

792

require more iterations. Choosing the optimal batch
size requires balancing. Therefore, Table 1 provides
an overview of the CNN training parameters used
for the proposed model in the experiments.

Table 1. CNN model’s training parameters

Parameter Description/Value
Optimization algorithm | RMSprop

Batch size 32

Initial Learning Rate 0.0001

Maximum epoch 30

3.4. Performance Evaluation Metrics

ISIC dataset images of malignant and benign skin
cancers were used to train the proposed network.
The effectiveness of the proposed DCNN was
measured by performing a statistical analysis of
network prediction on the test dataset. The
statistical tests used in the confusion matrix
performance evaluation are accuracy (ACC), F1
score, true positive rate (TPR), true negative rate
(TNR), and precision (P). These assessment metrics
are described as follows: TP, TN, FP, and FN
represent the total number of true positives, true
negatives, false positives, and false negatives,
respectively, of the test datasets.

TP+TN

ACC = —— )
TP+TN+FP+FN
TPR = —% )
TP+FN
TNR = —~ 3)
TN+FP
TP
P = TP+FP )
F1=—2 (5)
2TP+FP+FN

4. EXPERIMENTAL RESULTS

In this section, we present the experimental results
obtained from our proposed CCN model on skin
cancer diagnosis using CNN and deep learning
methods using the ISIC dataset.
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Figure 1. Training and validation loss and accuracy
K-fold cross-validation was performed to determine
the performance of the custom-designed deep
network by using various numbers of convolutional
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layers. To do this, all images into the database
(3,297 images) were used for K-fold cross-
validation process. To perform K-fold cross-
validation, the training dataset was first randomised
and then split into 10 equal folds (that is, K=10),
where each fold contained the same number of
images from both classes (benign and malignant).
During training, K-1 folds were used to train a
model from scratch, and the model performance
was verified on the rested fold. This process was
repeated 10 times (because K=10) using each fold
as a test dataset. Statistical measurements (ACC, P,
TPR, TNR, and F1 score) were also stored after
each model was tested on the test fold.

Table 2 displays the performance of the compact
model on various layers of the CNN. The mean and
standard deviation of the related measures across 10
training sessions are represented by the values in the
table. In addition, Table 2 can be used to compare
how well our proposed compact model performs on
various convolutional layers and to choose the
number of layers that perform the best for the
classification. As a result, using four convolutional
layers performed the best, where the F1 score was
0.8326 which is the highest value.

Table 2.K-Fold cross-validation performances of the custom deep network model by using various

convolutional layers

TPR

TNR

F1

0.8276+0.0217

0.8099+0.0227

0.8055+0.0063

0.8882+0.0109

0.7827+0.0145

0.8267+0.0066

0.8742+0.0106

0.7769+0.0103

0.8163+0.0048

0.8996+0.0180

0.7818+0.0181

0.8326+0.0068

0.8769+0.0230

0.7846+0.0236

0.8216+0.0068

Layers ACC P

Layerl 0.8179+0.0061 0.7846+0.0158
Layer2 0.8307+0.0071 0.7732+0.0110
Layer3 0.8211+0.0046 0.7656+0.0072
Layer4 0.8354+0.0065 0.7749+0.0119
Layer5 0.8266+0.0069 0.7729+0.0144
Layer6 0.8483+0.0048 0.8057+0.0153

0.8503+0.0142

0.8266+0.0188

0.8274+0.0033

Table 3.Performance of the four-layered custom deep network when increasing or decreasing the training
dataset. The test ratio is kept fixed and always same test images are always used for the reliability

of the experimental result

Train | Validation | Test ratio F1-Score
40% | 30% | 30% 0.7897
50% | 20% | 30% 0.8012
60% | 10% | 30% 0.8160
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Table 4. Comparison between the Custom model and some existing studies. Unreported findings are

represented by the symbol "-"

Method Datasets Sample ACC (%) F1 (%) P (%) | TPR (%) | TNR (%) Param.
number (millions)
Mask-RNN[25] | HAM10000 10,015 86.5 86.28 87.01 85.57 - 63.7
MSM-CNN[26] | ISIC 2018 2912 86.2 - - - - 25.7
ResNet-50[27] ISIC 2018 11,720 89.28 81.28 - 81.00 87.16 23.54
DenseNet201 + | ISIC 2019 25,331 92.34 86.96 85.22 92.75 96.38 20.2
Fine KNN[28]
IGR0235 ISIC 2017 2000 83.0 - - - - 322.5
Model[32]
DCNN [33] ISB12016 4867 76.5 - - 89.5 96.3 62.3
VGG[34] ISIC 2016 1,279 - 72.3 76.0 - 138
Compact-DCNN |ISIC Archive 3,297 84.8 81.6 80,5 83.8 83.7 6.2
Model

After determining the number of convolutional
layers on the custom CNN, the four-layered CNN
was trained from scratch using all the images from
the database. In addition, the optimal splitting ratio
for the training process was determined; therefore,
we tested three different training-validation ratio
combinations. It is important to note that the test
images are always the same, which is determined by
using the test ratio, which is fixed at 30% of the
entire database. The remaining 70% of the images
were split into the following training-validation
ratio combinations: 40%-30%, 50%-20%, and
60%—10%. The experimental results showed that a
60%—10% training—validation ratio split yielded the
best result for this specific database. Table 3
presents the performance of the four-layer custom
CNN on the test images by splitting the training and
validation sets with different ratios. Generally, a
deep neural network requires more images, which
provides better generalization performance on
unseen input images. As a result, when 60% of the
images are used in the training process, the
performance of the network improves. It is also
important to keep some images in the validation set
to adjust the hyperparameters of any deep network
architecture to prevent overfitting and underfitting
problems.

The final trained model (using a train-validation-
test split ratio of 60%—10%—-30%) was verified on
the test dataset by reporting the final unbiased
performance of the proposed CNN. The results
show that the proposed compact model performs
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with a classification accuracy rate of 84.8%, a
precision of 80.5%, a TPR of 83.8%, a TNR of
83.7%, and an F1 score of 8§1.6% when recognising
skin cancer images. Figure 3 shows the training and
validation losses and accuracy during 30 epochs of
training. In comparison to other difficult methods
and deep learning systems, our suggested technique
performs better. The proposed compact network
and other relevant models mentioned in [25], [26],
[27], [28], [32], [33], and [34] were compared in
this paper in order to show the effectiveness of the
proposed model.

Research using the ISIC ARCHIVE database,
which is a database comparable to the one employed
in this paper, the skin cancer database, and other
self-acquired datasets were the subject of the
comparative evaluation. The proposed technique in
this paper has done remarkably well when
compared to other algorithms stated in Table 4,
which summarises the comparative research. This
data will also be used to calculate the required
number of convolutional layers of the custom
DCNN model. The accuracy of this study's findings
is compared to existing studies in Table 4. As
demonstrated, the performance and accuracy of our
proposed method are promising.

The methods are examined in Table 4 and evaluated
on different datasets. Each dataset represents a
different collection of images for skin lesion
classification. The number of samples varies across
the datasets, ranging from 1,279 to 25,331. Please
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note that this difference in sample size can influence
the model's performance and generalizability. The
accuracy metric indicates the overall correctness of
the classification models. As clearly seen from the
table the proposed model performs well with the
considered sample size. It is worth noting that not
all methods provide all the performance metrics.
Some methods lack certain metrics, such as F1-
Score, Precision, TPR, or TNR, making it difficult
to make direct comparisons in those cases.

In summary, the given data showcases different
methods for skin lesion classification, evaluated on
various datasets. The methods differ in terms of the
dataset used, the number of samples, and the
reported performance metrics. By comparing the
metrics, we can gain insights into the relative
performance of these methods in classifying skin
lesions.

5. CONCLUSION

In this study, we proposed a new compact model
using CNN in order to test its effectiveness in
classifying skin cancer. The recognition of skin
cancer is important because a good classification
method can save time when searching for and
diagnosing skin cancer in databases. The ISIC-
Archive database contains 3,297 images of both
benign and malignant skin, with dimensions of
[224x224] pixels. The dataset was first checked for
structural integrity and then normalized to improve
the performance of learning algorithms. It was then
split into three parts: a training set (60% of the
images), validation set (10%), and testing set (30%)
by determining the impact of the training set ratio
beforehand (see Table 3).

Our proposed model achieved a classification
accuracy rate of 84.8%, precision 80.5%, TPR
83.8%, TNR 83.7% and Fl-score 81.6%,
respectively compared to other studies. When a skin
image is provided, the pre-processing phase is
applied, and the trained CNN extracts features from
the image and classifies the label based on the filters
learned during training.
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Oz

Kaplama teknolojisi, kumaslar iizerine degisik malzemelerin aktarilmasi ile yiizeylere yeni ozellikler
kazandirilmak amacuyla siklikla tercih edilmektedir. Bu teknoloji sayesinde tekstil yiizeylerinin gecirgenlik
ozellikleri kisitlanabilmekte ve bu yiizeylerde hava-su gegirmeme gibi 6zellikler elde edilebilmektedir.
Yiizeylerin bu amaclar dogrultusunda kullanilmasi i¢in kesim isleminden sonra da talep dogrultusunda
uygun birlestirme yontemlerinin tercih edilmesi gerekmektedir. Bu ¢calismada, yagmurluk ve/veya riizgarlik
iiriinlerinde siklikla kullanilan su ve hava gecirmezligi bakimindan son derece kuvvetli kumasglar secilmis
ve bu kumaglarin ve ultrasonik birlesim teknigi ile birlestirilmis birlesim bolgelerinin fiziksel 6zellikleri
(hava gegirgenligi, su gecirmezligi ve patlama mukavemetleri) degerlendirilmistir.

Anahtar Kelimeler: Yagmurluk kumasi, Riizgarlik kumasi, Ultrasonik dikis, Hava gecirgenlik, Su
gecirmezlik, Patlama mukavemeti

Investigation of the Effect of Ultrasonic Bonding on Physical Properties in Fabrics
with High Rain and Wind Resistance

Abstract

Coating technology is frequently preferred in order to transfer different materials on fabrics and to give
new features to surfaces. Thanks to this technology, the permeability properties of textile surfaces can be
restricted and properties such as air-water resistance can be obtained on these surfaces. In order for the
surfaces to be used for these purposes, suitable joining methods should be preferred in line with the demand
after the cutting process. In this study, extremely strong fabrics in terms of water and air resistance, which
are frequently used in raincoat and/or windproof products, were selected and the mechanical properties (air
permeability, water resistance and bursting strength) of these fabrics and the joint areas combined with the
ultrasonic bonding technique were evaluated.

Keywords: Raincoat fabric, Windproof fabric, Ultrasonic bonding, Air permeability, Water permeability,
Bursting strength
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Yagmur ve Riizgar Dayanumi Yiiksek Kumaslarda Ultrasonik Dikisin Fiziksel Ozelliklere Etkisinin Incelenmesi

1. GIRIS

Gilinlimiizde zorlu hava kosullarinda korunabilmek
amaciyla, kumaslar iizerine degisik malzemeler
aktarilip onlara cesitli ozellikler
kazandirilabilmektedir. Kaplama teknolojisi olarak

isimlendirilen bu teknoloji sayesinde tekstil
ylizeylerinin gecirgenlik ozellikleri
kisitlanabilmekte ve bu yiizeylerde hava-su

gecirmeme gibi dzellikler elde edilebilmektedir.

Kaplama, kumasa normal terbiye prosesleriyle
kazandirilamayan 6zel efektler i¢in uygulanan bir
islemdir. Istenilen efekte gore sivi, hamur veya toz
halde bulunan kimyasallar toz, pasta veya kopiik
formunda kumasa aktarilarak kumasg tizerinde bir
film tabakas1 olusturulmaktadir [1].

Bu tiir kumaslar, ziraat ve ingaat sektorleri ile
birlikte tekstil sektoriinde konfeksiyon, ev tekstili,
endiistriyel tekstiller, jeotekstiller, tibbi tekstiller,
otomotiv tekstili, koruyucu giysiler ve spor
tekstilleri gibi alanlarda siklikla tercih edilmektedir

[2].

Zeminde kullanilan kumaglar son iiriinde; kopma,
yutilma ve uzama gibi Ozellikleri saglarken,
kaplama maddesi; gozeneklilik, kumasin kimyasal
ve ¢evresel etkilerden korunmasi ve bazi
durumlarda gorlinim 1iyilestirmesi saglamaktadir.
Tekstil materyalinden beklenen su gecirmezlik, 1s1
yalitim, estetik goriinim gibi baz1 6zellikler
kumaslarin polimer ile kaplanmastyla
saglanabilmektedir [3].

Ultrasonik dikis teknigi, otomotiv, tip, spor, tekstil
ve konfeksiyon alanlarinda siklikla
kullanilmaktadir. Calismada outdoor iiriinlerinde
tercih edilen, yagmur ve riizgar gecirmez kumas
ornekleri kullanilmistir.

Bu konuda yapilmis ¢aligmalara bakildiginda, 2019
yilinda Kursun Bahadir ve Sahin yaptiklar1 bir
calismada, bir e-tekstil gili¢ iletim sistemi
olusturmak i¢in, paslanmaz celik iletken iplikleri
kumaslar iizerine ultrasonik birlestirme ydntemi
kullanarak monte etmiglerdir [4]. 2019 yilinda
Sevkan Macit ve Tiber tarafindan yapilan bir
calismada, politiretan kaplamali  kumaslarin
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ultrasonik kaynak yontemi ile birlestirilmesi sonucu
olusan birlesim noktalarinin su iletim 6zelliklerinin
klasik dikig yontemlerine gore farklari incelenmistir
[5]. Ceven ve Karakan Giinaydin’in 2018 yilindaki
caligmalarinda, atki yogunlugu ve iplik yapisinin
nem yonetimi ve hava gecirgenligi {izerindeki
etkilerinin tespit edilmesi i¢in 18 farkli kumas tiirii
secilmigtir ve bu kapsamda incelenmistir [6].
Sevkan Macit ve Tiber 2018 yilinda ultrasonik dikis
yontemi ile dikilmis kumaglarin dikis mukavemeti,
patlama mukavemeti ve egilme Ozelliklerini
incelemek iizere poliiiretan kapli ii¢ tip dokuma
kumas kullanilmastir. Kumaslar cesitli
parametrelerle birlikte ultrasonik ve konvansiyonel
olarak birlestirilmistir. Her iki yontemle dikilmis
olan kumaslara yikama islemi uygulanmis ve
yikama oOncesi ve yikama sonrasi kumaslarin
bahsedilen 6zellikleri test edilmistir [7]. Eryiiriik ve
arkadaglart 2017 yilinda, dokusuz yiizeylerde
ultrasonik birlestirme teknigini incelemislerdir. Bu
teknik ve dokusuz ylizeylerle ameliyat onliiklerinin
dikim ozellikleri analiz edilmistir [8]. Yilmaz
Akytirek ve Giines 2016 yilinda yaptiklari bir
caligmada, ultrasonik dikisin kumas iizerinde
olugturdugu farkli gériiniimleri saptamak amaciyla
uygun kumaglara 6rnek dikisler yapilmistir. Klasik
dikislere nazaran farkli bir goriiniis ve stile sahip
olmasindan yola c¢ikilarak bu farkliligi bayan dig
giyimde belirgin sekilde kullanmak amaglanmistir.
Bunun i¢in giiniimiiz modasina uygun bayan palto
ve ceket tasarimi yapilmis ve bunlardan biri prototip
triin olarak dikilmistir. Bu sayede sektore
ultrasonik dikisin hazir giyimde dikis amagl
kullaniminin farkli bir uygulamasi sunularak 6rnek
olmasi amaglanmistir [9]. 2016 yilinda Shi ve
arkadaglar1 tarafindan yapilmig bir ¢aligmada,
ultrasonik kaynak yontemi ile elde edilmis bir
dikigsin su gecirme oOzelligi test edilmistir. Bu
dogrultuda, klasik dikislerdeki su ge¢irme sorunun
igne deliklerinden su sizmasi seklinde oldugu tespit
edilmistir [10]. 2014’te Kayar ve arkadaslar
ultrasonik birlestirme yonteminde farkli tekerlek
(roller) tiplerinin dikislerin ¢ekme mukavemetleri
iizerindeki etkilerini incelemislerdir [11]. 2014
yilinda Kayar ve Mistik tarafindan yapilmis bir
calismada, ultrasonik yontemle birlestirilmis
nonwoven  kumaglarin  mekanik  &zellikleri
incelenmistir. Bu ¢calismada mekanik 6zellik olarak
dikis dayanimi ve kopma anindaki uzama degerleri
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tayin edilmigstir [12]. Vujasinovic ve arkadaslari,
2007 yilinda yelken kumaslarinda ultrasonik
dikislerin dayanima etkilerini incelemistir [13].
Jevsnik ve arkadaslari, 2017 yilinda ¢ok katli tekstil
ylizeylerinde  ultrasonik  dikis  o6zelliklerini
incelemislerdir [14].

Teknik {iriinlerde kullanim amaci dogrultusunda
aranan bir 6zellik olan su ve hava gegirme oranlari
triinin kumaginda ¢esitli kaplama ydntemleri ile
diigiiriilebilmektedir. Klasik dikis teknikleri ile (gift
baski, overlok, re¢cme dikisleri gibi) dikilen
iiriinlerde tirtiniin dikis noktalarinda igne delikleri
olustugu i¢in kumasin hava ve su gegirgenlikleri
artmaktadir.  Bu  gecirmezlik  degerlerinin
kaybolmamasi amaciyla ¢alismada kumaslarin
birlestirilmesinde, sentetik materyallerin  1s1l
birlestirilmesi prensibine dayanan ultrasonik dikis
teknigi tercih edilmisti. Bu dogrultuda bu
¢alismanin amaci, segilen kumasglarin oncelikle
kendilerinin, sonrasinda ise ultrasonik birlestirme
ile birlestirildikten sonra, bu birlesme alanlarindaki
hava ve su gecirgenliklerinin ve ayrica birlesim
bolgelerinin  patlama  mukavemetlerinin  test
edilmesi ve sayisal olarak yorumlanmasidir. Tim
testler hem kumas yiizeylerine hem de dikim hatlar1
test cihazlarinda ortalanarak uygulanmis ve tim
yorumlar elde edilen sonuglarin karsilastiriimasi ile
yapilmugtir.

2. MATERYAL VE YONTEM

2.1. Materyal

Bu ¢alismanin materyalini giiniimiizde yagmurluk
ve/veya riizgarlik iiriinlerinde siklikla kullanilan su
ve hava gecirmezligi bakimindan son derece
kuvvetli kumaglar olusturmaktadir. Bu kumaslar
asagidaki gibidir.

a. Kumasim yiiziinden poliiiretan kaplamali %100
polyester 6rme (siiprem) yagmurluk kumasgi

b. Kumasin tersinden poliliretan membran
kaplamali %100 polyester dokuma (bezayag1)
riizgarlik kumasi

Poliiiretan kaplama ve membran kaplama
kumaslara 1s1 yalitimi, yirtilma dayanimi, asinma
dayanimi, su gegirmezlik ve kolay temizlenme gibi
ozellikler kazandirmaktadir [15].
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Kumaslarin kaplanmasiyla kumag yiizeyinde elde
edilen piiriizsiiz yiizeyin zarar gérmemesi, igne
delikleri  agilarak dayanim ve gegirgenlik
ozelliklerinin azalmamasi amactyla, bu tir
kumaglar klasik dikis teknikleri yerine ultrasonik
dikis teknigi gibi kumaglarin birbirleriyle 1sil
birlestirilmesini saglayan teknikler ile dikilmesi
istenmektedir. Caligmada kullanilan ultrasonik
dikis makinesi asagidaki gosterilmistir (Sekil 1).

| Moo es

*:ﬂ
.\.. |

Sekil 1. Nucleus DX1 ultrasonik dikis makinesi

Ultrasonik dikis makinelerinin sundugu avantajlar
asagidaki gibidir.

o Kiiciik pargalarin kolay birlestirilmesi,

e Piiriizsiiz ve diizgiin bir birlestirme saglamasi
(roller tipine gore talep dogrultusuna desenli
birlesim noktalari da olusturulabilir),

e Dikim (birlesim) sirasinda herhangi bir koku
veya duman olusmamasi,

e Herhangi bir igne, iplik, mekik-masura vb. gibi
malzeme kullanilmamasidir [16].

Ultrasonik dikis makinalarinda kumas ile temas
ederek dikim (kaynak) islemini ger¢eklestiren parca
teker (roller) olarak isimlendirilmistir. Testler
sirasinda kullanilan ultrasonik dikis makinesinde 12
mm genisliginde desensiz ve diiz bir teker (roller)
tercih edilmistir. Bunun nedeni, bu tekerin kesiksiz
bir yapiya sahip olmasi ve bu sayede tekerin altinda
kumasin tekere temas eden tiim noktalarinin
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dikilerek siirekli bir birlestirme yapilmasidir.
Kumaslarin kaplamali yiizeyleri daha piiriizsiiz
(uniform) yapiya sahip olduklari icin birlestirme
islemleri kumaslarin yiizii yliziine bakacak sekilde
kaplamali yiizeylerde gergeklestirilmistir.

a. b.

Sekil 2. Ultrasonik dikislerin goriintiileri
a.Yagmurluk kumasi b. Riizgarlik kumast

Ultrasonik dikis makinalarinda bir kumas tiirii i¢in
en uygun makine parametrelerini tespit etmek
amactyla, parametreleri degistirerek o kumas tiirii
iizerinde deneme dikimleri yapmak gerekmektedir.
Gergeklestirilen 6n denemeler dogrultusunda
calisma kapsaminda test edilen kumas tiirlerinde en
verimli dikimin elde edildigi makina parametreleri
27 watt ultrason giicii, 3 m/dakika maksimum dikim
hiz1 olarak belirlenmistir.

2.2. Metot

Kaplamali kumaglarin  ultrasonik  birlestirme
islemleri tamamlandiktan sonra dikis bdlgelerinin
hava ve su gecirgenlik Ozellikleri ve birlesim
bolgelerindeki  mukavemet  test  edilmistir.
Kumaglar tiim testler 6ncesinde standart atmosfer
kosullarinda 20 °C+2 ve %65+4 bagil nemde
kondiisyonlanmustir.

e Gramaj Tespiti

Gramaj tespiti TS EN 12127 standardina uygun
olarak gergeklestirilmistir (Sekil 3). Elde edilen
degerin birimi g/m*’dir. Gergeklestirilen dlgiimler
sonucunda yagmurluk kumasinin gramaji 194 g/m?,
riizgarlik kumasinin gramaji 70,2 g/m? olarak tespit
edilmistir.
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Sekil 3. Dairesel kumas kesim cihazi, hassas terazi
e Hava Gegirgenligi Testi

Kumaslardaki ~ konfor  hissiyatinin ~ 6nemli
gostergelerinden  biri  de kumaslarin  hava
gecirgenlik 6zellikleridir [17]. Ayrica bu ¢alismada
oldugu gibi fonksiyonel 6zelliklere (su gegirmeme,
hava gegirmeme, yanmama gibi 6zellikler) sahip
kumaslarin bahsi gegen hava gegirmeme 6zelligine
sahip olup olmadigmi hava gecirgenligi testi ile
kontrol  edilebilmektedir. Kumaslarin  hava
gecirgenlik testleri “Textest FX 3300 Hava
Gegirgenlik Test Cihaz1” (Sekil 4) ile ASTM D 737
standardina uygun bir sekilde gergeklestirilmistir.
Testler her numunede 5 kez tekrarlanmastir.

Sekil 4. Textest FX 3300 hava gegirgenlik test
cihazi
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e Su Gecirmezlik Testi

Kumasin su direnci kavrami, su tarafindan
1slanmaya ve suyun igeri girmesine karst koyma
yetenegi olarak tanimlanmaktadir [18].
Yagmurluklarda, askeri kiyafetlerde su gegirmezlik
Ozelliginin olmasi istenmektedir. Su gegirmezlik
testleri TS EN ISO 811 standardina uygun bir
sekilde gergeklestirilmistir. Testlerde su artis hizi
600+- 30 mm/dk olarak belirlenmigtir. Testler her
numunede 5 kez tekrarlanmistir.

- -
Sekil 5. Su gegirmezlik test cihazi
Calismada test edilen kumaslarin  dikissiz

ylizeylerine ve ultrasonik yontemle birlestirilmis
birlesim  bolgelerine  gergeklestirilen  testler
sonucunda elde edilen veriler bulgular kisminda
sunulmustur. Iki  bolge arasinda  yapilan
karsilastirmalar ile kumaslarin ultrasonik dikis

Mehmet KUCUK, Serkan BOZ

bolgelerindeki ozelliklerinin

gosterilmistir.

degisimleri

e Patlama Mukavemeti Testi

Patlama mukavemeti, kumas yilizeyine dik ac1 ile
uygulanan kuvvet vasitasiyla kumagi gererek
koparmak i¢in gereken basing veya kuvvettir.
Calismada patlama mukavemet testi diyafram
metoduna (EN ISO 13938-2, TS 393) uygun olarak
gerceklestirilmistir [19-20].

Sekil 6. Patlama mukavemeti test cihazi

Patlama mukavemeti testi numunelerin 5 farkli
noktalarindan yapilmistir. Calismada test edilen
kumasglarin hem yiizeylerine ve hem de ultrasonik
birlesim bolgelerine patlama mukavemet testi
gerceklestirilmistir. Elde edilen veriler bulgular
kisminda sunulmustur.

1. BULGULAR

Kumaglar kondiisyonlandiktan sonra belirtilen
standartlar kapsaminda gerceklestirilen testler ve
elde edilen veriler agagidaki ¢izelgelerde (Cizelge
1-2-3) gosterilmistir.

Cizelge 1. Kumas ve dikis bolgelerinin hava gegirgenlik degerleri (L/m2/s)

L/m?/s Yagmurluk Riizgarlik
Kumays yiizeyi Dikis bolgesi Kumays yiizeyi Dikis bolgesi

1. Test 0 6,25 0 4,50
2. Test 0 7,02 0 2,18
3. Test 0 10,6 0 4

4. Test 0 9,46 0 2,25
5. Test 0 9,22 0 2,30
Standart sapma 0 1,81 0 1,11
ORTALAMA 0 8,51 0 3,04
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Cizelge 2. Kumas ve dikis bolgelerinin su gecirmezlik degerleri (mm HO siitunu)

mm H,O siitunu Yagmurluk Riizgarlik
Kumas ylizeyi Dikis bolgesi Kumas yiizeyi Dikis bolgesi
1. Test 7600 1115 700 340
2. Test 7700 1100 800 365
3. Test 7750 1050 740 370
4. Test 7500 1200 725 350
5. Test 7550 1180 700 335
Standart Sapma 103,68 61,07 41,17 15,24
ORTALAMA 7620 1129 733 352
Cizelge 3. Kumas ve dikis bolgelerinin patlama mukavemet degerleri (kPa)
kPa Yagmurluk Riizgarlik
Kumas yiizeyi Dikis bolgesi Kumas yiizeyi Dikis bolgesi
1. Test 1215,1 12243 1099,8 1228,6
2. Test 1216,1 1275,8 11233 1219,1
3. Test 1231,7 1293,5 1138,1 1263,5
4. Test 1226,2 1250,9 1110,1 1250,2
5. Test 12245 1285,6 11142 1245,6
Standart Sapma 7,03 28,30 14,46 17,64
ORTALAMA 1222,72 1266,02 1117,1 12414

Bu sonuglara gore, kumasglarin hava gegirgenlik
testi karsisindaki davraniglarina bakildiginda, iki
kumas yiizeyi de hava gegisine izin vermez iken,
yagmurluk kumasin dikigli bdliimiiniin ortalama
olarak 8,51 L/m?s, riizgarlik kumasmn dikisli
béliimiiniin ise 3,04 L/m%s hava gegisine izin
verdigi tespit edilmistir. Bu durum iizerine iki
kumasin da ultrasonik dikis metodu ile dikilmesi
sonucunda kumasa oranla kismen hava gecisine izin
verdigi, ancak riizgarllk kumasin yagmurluk
kumasa gore daha az bir miktarda hava gecisine izin
verdigi goriilmektedir.

Kumaslar iizerinde yapilan su gecirmezlik
testlerinden elde edilen veriler 15181nda, yagmurluk
kumas gerceklestirilen testlerin ortalamasi olarak
7620 mm H,O siitununa kadar dayanim saglarken,
riizgarlik kumas ortalama olarak 733 mm H>O
siitununa kadar yiikselebilmistir. Dikis bolgelerinde
bu kumaslarin su  gegirme  Ozelliklerine
bakildiginda, yagmurluk kumasin dayanimi
ortalama olarak 1129 mm H,O siitunu seviyesine
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diiserken, riizgarlik kumasin ise yariya diiserek 352
mm H»O siitunu civarina inmistir.

Kumaslar lizerinde gergeklestirilen patlama
mukavemet test sonuglarina  bakildiginda,
yagmurluk kumasmin patlama mukavemeti

1222,72 kPa iken, bu kumasin ultrasonik dikis ile
birlestirilen bolgesinde bu degerde 1266,02 kPa’lik
bir deger elde edilmistir. Benzer sekilde riizgarlik
kumasmin patlama mukavemet test degerlerine
bakildiginda, kumas yiizeyinin patlama
mukavemeti 1117,1 kPa iken, dikis bdlgesinde bu
deger 1241,4 kPa’ya yiikselmistir.

4. SONUC VE ONERILER

Giiniimiizde kumas yiizeylerinin istenildigi gibi
kullanilabilmesi i¢in kesim igleminden sonra talep
dogrultusunda uygun birlestirme yontemleri ile

birlestirilmesi ~ gerekmektedir. Bu  c¢aligma
kapsaminda, kaplama tiiriine bagli olarak su ve hava
gecirmezlik  gibi  Ozellikler — kazandirilmis
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kumaglarim, bu Ozelliklerini kaybetmemeleri
amactyla klasik dikis tiirleri yerine ultrasonik
birlestirme yontemi ile dikilmeleri saglanmistir.
Calismada kumaslarin ~ bu yontem ile
birlestirildikten sonra sahip olduklart hava-su
gegirgenliklerindeki degisimler incelenmistir.

Iki kumas tiiriiniin de ultrasonik birlestirme yontemi
kullanilarak bir iiriin haline cevrilmesinde dikis
bolgelerindeki fonksiyonellik degisimleri
incelenmigtir. Elde edilen sonuglara gore, iki kumasg
da yiizeyinden hava gecisine izin vermez iken,
iiriine doniistiiriildiikten sonra dikis bdlgelerinde bu
ozelliklerinden ¢ok kiigiik oranlarda kayiplar
vermektedirler. Ancak bu kayiplar yagmurluk
kumasta daha fazla iken, riizgarlik kumastaki kayip
(3,04 L/m?%s), yagmurluk kumastakinin (8,51
L/m?/s) yarisindan da azdir.

Kumaslarin su gecirme 6zellikleri incelendiginde,
yagmurluk kumas hem kumas ylizeyinden hem de
dikisli bolgelerinden su gegisine riizgarlik kumasa
gore daha zor izin vermektedir. Ultrasonik
yontemle birlestirilmis bolgelerde, yagmurluk
kumasin (1129 mm H>O siitunu) ile riizgarlik
kumastan (352 mm H,O siitunu) 3,2 kat daha
dayanikli oldugu sdylenebilir. Ayrica yagmurluk
kumast i¢in su gegirmezlik Ozelliginin dikis
bolgesinde kumas ylizeyine gore %85,18’lik bir
azalma goriilmektedir. Riizgarlik kumasinda da bu
oranin %51,98 oldugu tespit edilmistir.

Kumaglarin patlama mukavemeti davraniglarina
bakildiginda, iki kumas tiri icin de, dikis
bolimlerinin patlama mukavemetlerinin kumas
ylizeyine gore daha yiiksek deger vermis olmasi
sebebiyle, dogru bir birlesim yontemi kullanildig:
sOylenebilir.

Hava ve su gegirmezlik degerlerinin artirilmasi igin
ultrason gilicliniin artirtlmasi ya da dikim hizinin
azaltilmast gerekmektedir. Ancak bu durumda
kumas ylizeylerinde daha fazla 1s1 olusabilmekte ve
bu da dikis (birlesim) hattinda mukavemet
kayiplarina neden olabilmektedir.

Bu calismanin fonksiyonel iriinler (yagmurluk,
parasiit, cadir vb.) iireten igletmeler igin yol
gosterici olacagi diigiiniilmektedir. Bununla birlikte
ileriki caligmalarda bu c¢aligmada da kullanilan
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kaplamali kumaslarin diger konfeksiyon islemleri
(serim, kesim, iitli gibi) sirasindaki davranislarinin

ve  dikkat edilmesi gereken  noktalarin
degerlendirilmesinin faydali olacagi
disiiniilmektedir. Elde edilen test sonuglari
gozlemlendiginde, dokuma tabanli kaplama

kumasmn Orme tabanli kaplamali kumasa oranla
daha iyi sonuglar verdigi goriilmektedir. Ancak
orme ve dokuma tabanli kumaslarin aralarindaki
farkin tam anlamiyla degerlendirilebilmesi i¢in ayn1
hammadde, gramaj ve kaplama &zelliklerine sahip
kumaglarin da karsilagtirilmasi  Onerilmektedir.
Ayrica, ultrasonik dikisin farkli tipte kumaslarla ve
farkli parametrelerde (farkli roller tipleri, farkli
islem hizlar1) incelenmesi ve bu parametrelerin
mukavemet ve gecirgenlik 6zelliklerine etkilerinin
gozlemlenmesi sektore yol gosterecektir.
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Oz

Son yillarda tarim sektdriinde, derin 6grenme temelli bilgisayar destekli sistemler bilyiik bir 6nem kazanmis
ve farkli uygulama alanlarinda etkili bir rol oynamistir. Bu sistemler sadece hastaliklarin erken teshisine
katki saglamakla kalmamis, ayni zamanda tarim profesyonellerine 6nemli bir destek sunmustur. Bu
baglamda, bu calisma celtik yapraklarinda mevcut hastaliklarin erken teshisinde derin Ogrenme
yontemlerinin etkinligini arastirmayi amacglamaktadir. Bu aragtirma igin, 13 farkli celtik hastaligina ait
toplam 4160 gorintii iceren Paddy Doctor veri kiimesi kullanilmistir. Veri kiimesi tizerinde bes farkli
transfer 6grenme modeli titizlikle degerlendirilmistir. Elde edilen sonuglar, Xception modelinin %93,37'lik
dogruluk orani ile en iistiin performansi gosterdigini acikca ortaya koymaktadir. Ayrica, bu ¢caligma veri 6n
isleme ve veri artirma tekniklerini optimize etme konusuna da deginerek veri kiimesini zenginlestirmeyi ve
teshis dogrulugunu artirmayr amaglamistir. Basarili bulunan modelin geltik yaprak hastaliklarini teshis
etmedeki performansi ayrintili bir sekilde degerlendirilmistir. Bu degerlendirme sonucunda, modelin en
basarili oldugu hastalik siniflari belirlenmis ve ayni sekilde modelin en zorlandig1 veya en diisiik dogruluk
oranima sahip hastalik smiflar1 da tespit edilmistir. Bu bulgular, geltik hastaliklarinin erken teshisinde
transfer Ogrenme modellerinin potansiyelini vurgulayarak tarim sektoriinde etkili otomatik teshis
sistemlerinin gelistirilmesine olanak tanimaktadir. Bu yaklasim, tarim sektoriinde mahsul verimini artirma
ve pestisit kullanimini azaltma yolunda umut vadetmektedir. Ayrica, daha saglikli ve siirdiirtilebilir tarim
uygulamalarini tegvik etme odakli bu arastirma, gelecekteki stratejilere de katki saglayabilir.

Anahtar Kelimeler: Paddy doctor, Xception, derin transfer 6grenme, Celtik hastaliklari

Early Diagnosis of Paddy Leaf Diseases using Deep Learning Models and Data
Preprocessing Techniques

Abstract

In recent years, deep learning-based computer-aided systems have gained significant importance in the
agriculture sector and have played an effective role in various application areas. These systems have not
only contributed to the early diagnosis of diseases but have also provided crucial support to agricultural
professionals. In this context, this study aims to investigate the effectiveness of deep learning methods in
the early diagnosis of rice leaf diseases. For this research, the Paddy Doctor dataset, comprising a total of
4160 images from 13 different rice diseases, was utilized. Five different transfer learning models were
meticulously evaluated on the dataset. The results clearly indicate that the Xception model achieved the
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highest performance with an accuracy rate of 93.37%. Additionally, this study aimed to enrich the dataset
and improve diagnostic accuracy by optimizing data preprocessing and augmentation techniques. The
performance of the successful model in diagnosing rice leaf diseases was thoroughly assessed. Through
this evaluation, disease categories in which the model excelled and those in which it struggled or had the
lowest accuracy rates were identified. These findings underscore the potential of transfer learning models
in the early diagnosis of rice diseases, facilitating the development of effective automated diagnostic
systems in the agriculture sector. Furthermore, this research, with a focus on promoting healthier and
sustainable agricultural practices, may contribute to future strategies.

Keywords: Paddy doctor, Xception, deep transfer learning, Paddy diseases

1. GIRIS

Celtik, diinya niifusunun cogunlugu tarafindan
besin kaynagi olarak kullanilan 6nemli bir {irindiir.
Eger diinya genelindeki niifus artis hizi mevcut
oranda devam ederse, 2030 yilinda celtik talebini
kargilamak i¢in  iretimin %50  artirilmasi
gerekmektedir. Celtik liretiminde diinya genelinde
onde gelen iilkeler arasinda Cin, Hindistan,
Endonezya, Banglades ve Vietnam bulunmaktadir.
Diinya g¢eltik verimi 410 kg/da (dekara) olup,
Tiirkiye'nin ortalama dekara celtik verimi ise 780
kg'dir.  Tirkiye'de geltik tarrmi 31  ilde
gergeklestirilmekte olup, en ¢ok Edirne, Balikesir,
Corum, Samsun, Sinop ve Kastamonu illerinde
ekilmektedir. Celtik, beslenme acisindan gerekli
amino asitler acisindan zengin bir igerige sahip olan
bir iiriindiir ve bu nedenle bugdaydan sonra tercih
edilen {rilinler arasinda yer alir. Celtik tarim1 i¢in
toprak se¢imi konusunda belirli bir kriter olmasa da,
celtik yetistiriciligi i¢in en uygun kosullar1 saglayan
topraklar, az su gegirgenligi, derinlik, tinl1 yapisi ve
besin maddeleri acisindan zengin olmasidir. Kumlu
topraklar, su kaybina ve besin maddeleri eksikligine
neden olabilecegi igin ¢eltik yetistiriciligi igin
uygun degildir [1].

Celtik, yurti¢i ve yurtdisi pazarlarda tercih edilen
temel bir tarim iiriinii olarak taninan yiiksek verimli
bir tahil {rtntdir. Yiksek getiri saglamasi
nedeniyle ¢eltik, Treticiler i¢in Onemli bir
secenektir. Diinya niifusunun artmasi, refah
seviyesinin  ylkselmesi ve  aligkanliklarin
degismesiyle birlikte, Tirkiye ve diger birgok
iilkede  ¢eltik  tiketiminde artiy  egilimi
gozlenmektedir [2].
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Tarmmin ve gida tiretiminin siirdirtilebilirligi, ¢eltik
diretiminin verimliligi ile yakindan iligkilidir. Ne
yazik ki, g¢eltik tretimi, ¢esitli hastaliklarin neden
oldugu risklerle karsi1 karsiyadir. Bu hastaliklarin
tarimsal  iretkenligi olumsuz etkiledigi ve
ekonomik kayiplara yol actig1 yaygin bir gercektir.
Celtik yetistiriciligi, birgok hastalik ve zararlidan
etkilenen karmasik bir siirectir. Bu hastaliklarin
erken teshisi, tarimcilar ve tarim uzmanlart igin
kritik bir gorevdir. Ge¢miste ¢iftciler, hastaliklari
tespit etmek i¢in biiyiik 6lciide kendi bilgilerine ve
celtik mahsullerini gorsel olarak incelemeye
giiveniyorlardi. Ne yazik ki bu yontemlerin
verimsiz, zaman alict ve hataya agik oldugu
kanitlanmigtir.  Deneyimli = ¢ift¢iler ve tarim
uzmanlar1 bile benzer belirtiler gosteren farkli
hastaliklar1 dogru bir sekilde teshis etmekte
zorluklarla karsilasmaktadir [3-5].

Celtik hastaliklarinin otomatik tespiti, bu zorluklari
asmak icin daha etkili, dogru ve ekonomik bir
yontem sunarak hastaliklar1 tanimlama ve yonetme
stirecini iyilestirebilir. Telefon kameralari, standart
kameralar, spektrometreler ve termal sensorler
dahil olmak iizere ¢esitli sensorler, ¢eltik bitkileri
hakkinda veri toplamak igin otomatik algilama
sistemleri tarafindan kullanilabilir. S6z edilen
sensorler araciligiyla elde edilen veriler, makine
O0grenimi  algoritmalariyla  analiz  edilerek
hastaliklarin erken asamada tespit edilmesi
saglanabilir. Celtik hastaliklariin otomatik olarak
tespit edilmesi, mahsul verimini artirmak, pestisit
kullanimimi azaltmak ve c¢evreyi korumak gibi
biiyiik potansiyellere sahiptir. Farkli hastaliklarin
tanimlanmasi i¢in makine 6grenimi modellerinin
kullanimi son zamanlarda kayda deger bir artis
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gostermistir.  Bu  modeller, kesin sonuglar
saglamadaki  dikkate deger dogruluklariyla
taninmigtir.

Ramesh ve Vydeki [6], Celtik bitkisinin

hastaliklarinin ~ (Kahverengi leke, Bakteriyel
yaniklik, Yaprak yanig1 ve Yaprak ki ¢iirtikligii)
tespiti icin optimize edilmis derin sinir aglari ve
Jaya algoritmasini kullanmislardir. Bu arastirmada,
gorintiilerdeki arka planin ¢ikarilmasi ve hastalikli
ile saglkli bitki goriintiilerinin ayrigtirilmasi igin
RGB renk uzayi, HSV (Ton, Doyma, Deger) renk
uzayina dondstiriilmiistir. Toplamda 650 g¢eltik
bitkisinin yaprak goriintiisii kullanilarak elde edilen
sonuglar, %94.25 dogruluk oran1 saglamistir.

Bhagawati ve arkadaglart [7], celtik yaniklig1
hastaligin1 6ngérmek amacryla, sicaklik, bagil nem,
yagis ve riizgar hizi gibi hava parametreleri ile bir
sinir ag1 egitmislerdir.

Lu ve arkadaglart [8], 10 farkli ¢eltik bitkisi
hastalig1 iizerinde arastirma yapmuglardir. Celtik
yaniklig1, yalanci leke, kahverengi leke, celtik
bakanae, yaprak yanikligi, yaprak ¢iirlimesi,
bakteriyel yaprak yanikligi, bakteriyel yaprak
cliriimesi, tohum yaniklig1 ve bakteriyel solgunluk
hastaliklarint simiflandirmak amaciyla 500 ¢eltik
bitkisi goriintiisti  kullanmislardir. Elde ettikleri
sonuclar, geleneksel yontemlere gore daha iyi
oldugu ancak CNN tabanli modellerin egitimi i¢in
yeterli ~ veri  setine  sahip  olmadiklarini
belirtmislerdir.

Prajapati ve arkadaglar1 [9], geltik bitkisinin ii¢
farkli hastaligini tespit etmek amaciyla goriintii
isleme yontemi ve Destek Vektdr Makinesi (SVM)
kullanmiglardir. Bu ¢alismada elde edilen dogruluk
orant %73,33 olarak saptanmistir.

Rahman ve arkadaslar1 [10], celtik bitkisinin
hastaligini tespit etmek icin CNN kullanmig ve
%93,3 dogruluk orani elde etmistir.

Lu ve arkadaglar1 [11] tarafindan yapilan ¢caligmada,
celtik bitkisine ait on farkli hastalig1 siniflandirmak
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amactyla 500 celtik bitkisi goriintiisii kullanilarak
basit bir evrisimli sinir ag1 (CNN) modeli
gelistirilmistir. Elde edilen sonuglara goére, bu
calisma kapsaminda elde edilen dogruluk orani
%95,48 olarak tespit edilmistir.

Okten ve arkadaslar1 [12], 5000 adet celtik bitkisi
yapraginda hastaligt  %91,54 oraninda tespit
etmistir. Daha sonra 5000 goriintii veri artirma
yontemi ile 8000 goriintiiye ¢ikarilmis ve CNN

mimarisinin  hiper-parametrelerini  degistirerek
%97,57’lik  bir basart orant elde edildigi
belirtilmisgtir.

Bu tarz hastaliklarla etkili bir miicadele yontemi
olarak, giincel teknolojiler arasinda makine
O0grenmesi One ¢ikmaktadir. Makine &grenmesi,
biiyiik veri setlerini analiz etme yetenegi sayesinde
hastaliklarin erken teshisinde ve
smiflandirilmasinda 6nemli bir rol oynamaktadir.
Ozellikle makine dgrenmesinin alt dali olan derin
transfer 0grenme modelleri, bu tiir karmagik ve
genis veri setlerinde yiiksek basari elde etme
potansiyeline sahiptir. Derin 6grenme saglik, gida,
spam filtreleme gibi bircok sektorde genis bir
uygulama potansiyeline sahip olan O6nemli bir
teknoloji olarak o6ne c¢ikmaktadir [13-17]. Bu
calismada da makine 6grenimi teknolojilerinden
derin transfer O6grenme modellerinin
kullanilmastyla, 13 farkli ¢eltik hastaliginin yiiksek
dogrulukla tespit edilmesi basarilmistir. Bu
sonuglar, c¢eltik tarimindaki hastalik teshisinin
iyilestirilmesi ve tarim verimliliginin artirilmasina
yonelik umut verici bir perspektif sunmaktadir.

2. MATERYAL VE METOT

2.1. Materyal

Bu ¢alisma i¢in paddy doctor [18] veri kiimesi
kullanilmustir. Bu veri kiimesinde 13 farkli geltik
hastaligina ait veri bulunmaktadir. Her gruptan 320
goriintli olmak iizere toplamda 4160 goriintii
kullanilmustir. Veri setine ait siiflar ve bunlara ait
sayilar Cizelge 1’de gosterilmistir.
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Cizelge 1. Bitki hastaliklar1 veri seti

Hastahk Egitim | Test
Sayis1 | Sayisi
Tungro 320 80
Sar1 kok kurdu (Yellow stem borer) 320 80
Hispa 320 80
Tiiylii kiif (Downy mildew) 320 80
Siyah govde kurdu (Black stem borer)| 320 80
Bakteriyel yaprak ¢izgisi (Bacterial 320 80
leaf streak)
Bakteriyel yaprak yaniklig1 (Bacterial
leaf blight) 320 | 80
Kahverengi leke (Brown spot) 320 80
Yaniklik (Blast) 320 80
Yaprak silindiri (Leaf roller) 320 80
Normal 320 80
Bak.terlye! salkim yaniklig1 (Bacterial 320 80
panicle blight)
Beyaz govde kurdu (White stem 320 80
borer)
Toplam 4160 | 1040

Veri toplama islemi Subat aymndan Nisan 2021'e
kadar, paddy bitkisinin yas1 40 ila 80 giin arasinda
oldugu donemde gerceklestirilmistir. Her goriintii,
bir tarim gorevlisiyle isbirligi yapilarak hastalik
belirtilerinin varligina dayanarak el ile etiketlenmis
ve bir hastalik sinifi etiketi atanmistir. Paddy bitki
hastaliklar1 etiketleri sunlardir [18]:

e Bakteriyel Yaprak Solgunlugu (BLB)
e Bakteriyel Yaprak Cizgilenmesi (BLS)
e Bakteriyel Basak Solgunlugu (BPB)

e Kara Govde Kurdu (BSB)

e Yaniklik

e Kahverengi leke

e Paslanma

e Hispa
e Yaprak Striiciisi
e Tungro

e Beyaz Govde Kurdu
e Sar1 Govde Kurdu
e Normal yaprak.

Sekil 1’de veri setinde yer alan farkli siiflara ait
birer 6rnek iceren goriintiiler verilmistir.
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Sekil 1. Her sinifa ait bir goriinti

Literatiir taramast yapildiginda, celtik
hastaliklarinin farkl tiirleriyle ilgili bir¢ok ¢aligma
ve bu hastaliklara ait ¢esitli toplanmis veri setleri
bulunmaktadir. Bu ¢alismada o6zellikle siirekli
olarak giincellenen Paddy Doctor veri seti
kullamilmustir. Bu veri seti, literatiirde ¢ok fazla
caligmada kullanilmistir. Bu ¢aligmalarda, model
performansini artirmak i¢in genellikle veri setindeki
sinif sayisi azaltilmistir. Ayrica, siniflar arasindaki
goriintii  sayilarmin dengesizligini gidermek ve
model performansini iyilestirmek ig¢in ayni sayida
goriintii kullanilmistir. Paddy Doctor veri setinin bu
dinamik yapisi, farkli aragtirma projelerinde
benzersiz bir deger ve uyum saglayici bir 6zellik
olarak one ¢ikmaktadir.

Bu veri seti siirekli olarak giincellenmekte olup, bu
calisma kapsaminda 4160 goriintii igeren veri seti
kullanilmustir.

2.2. Metot

Transfer 6grenimi, makine Ogreniminde yaygin
olarak kullanilan bir teknik olup, veriden &zellik
¢ikarma konusunda hali hazirda yetkin olan
onceden egitilmis bir modelin, farklt bir gorevi
hedefleyen yeni bir model igin temel olarak
kullanildig: bir yontemdir. Bu yaklagim, bir modeli
sifirdan egitme ihtiyacin1 ortadan kaldirarak
zamandan ve kaynaklardan tasarruf etme avantaji
sunar. Popiiler transfer 6grenme modelleri arasinda
Xception, ResNet, MobileNet, DenseNet ve
Inception yer almaktadir.
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InceptionV3: InceptionV3, derin 6grenme alaninda
yaygin olarak kullanilan bir evrisimli sinir ag1
(CNN) modelidir. Girdi veriyi ¢goklu paralel yollarla
isleyen ve daha sonra bu pargalar1 birlestiren
"incelemeli" mimariye dayanir. Bu yapi, daha iyi
Oznitelik ¢ikarma yetenegi saglayarak nesne tanima
ve smiflandirma gorevlerinde etkili sonuglar elde
etmeyi amaglar [19].

ResNet101V2: ResNetl01V2, "Derin Iliskili
Aglar" (Residual Networks) olarak da bilinen
ResNet ailesinin bir iiyesidir. ResNet mimarisi, agin
derinlestik¢e performansin diismesini engellemeyi
amagclar. Residual bloklar1 adi verilen &zgiin
yapilar, girdi ve ¢ikig arasindaki farklar1 6grenerek
agim daha kolay 6grenmesini saglar [20].

Xception:  Xception, temelde InceptionV3'in
gelistirilmis bir versiyonu olarak kabul edilir.
"Derin iliskili Aglar" (Residual Networks) olarak
da bilinen ResNet ailesinin bir iiyesidir. Ancak
Xception, girdi verinin Ozniteliklerini daha detayli
analiz etmek i¢in derinlemesine ayrilmis paralel
katmanlar kullanir [21].

MobileNetV2: MobileNetV2, hafif ve hizli derin
O6grenme modeli olarak tasarlanmistir. Mobil
cihazlar gibi kaynak sinirlt ortamlarda kullaniimak
lizere optimize edilmistir. Yiiksek performansi
diisiik hesaplama maliyetiyle birlestiren bir yap1
sunar [22].

Transfer Ogrenme
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DenseNet121: DenseNet, ag katmanlar1 arasinda
yogun baglantilarin  kuruldugu bir CNN
mimarisidir. Geleneksel CNN'lere kiyasla daha
etkili bilgi akisini saglar. "Yogun bloklar" olarak
adlandirilan yapilariyla bilgi paylagimini artirarak
daha iyi 6znitelik ¢ikarma yetenegi sunar [23].

Transfer 6grenme modellerinin kullanimi ¢esitli
avantajlar sunar. ilk olarak, dogrulugu artirirken
egitim siiresini dnemli 6l¢iide azaltir. Ayrica, sinirh
miktarda veriyle bile yiliksek dogruluk elde
edilmesini saglayabilir. Bununla birlikte, bu
yaklagimda dikkatli model se¢imi gerekliligi, model
performansin1  optimize etmek icin ince ayar
gerekliligi ve dnceden egitilmis modeli eldeki veri
kiimesinin belirli 6zelliklerine uyarlama ihtiyact
gibi bazi dezavantajlari vardir.

Bu ¢alismada, transfer 6grenme modellerini Paddy
Doctor wveri setinin benzersiz  6zelliklerine
uyarlandi. Daha sonra bu uyarlanmis modellerin
performanst veri kiimesi Tlizerinde titizlikle
incelendi ve analiz edildi.

Bu g¢alisma i¢in model mimarisi Sekil 2'de
gosterilmistir. Veri kiimesi dncelikle 6n igleme tabi
tutulmustur. Ardindan, transfer 6grenme modelleri
kullanilarak goriintiilere ait 6zellikler ¢ikarilmstir.
Son olarak, ozellikler 128, 64 ve 32 néronlu 3
katmanli bir yapay sinir agmna beslenmistir.
Asagida, Sekil 2’de gosterilen adimlar adim adim
acgiklanmustir.

“\\

[}

[

J

Gorint on igleme Czellik gikarma

Model egitimi

Sekil 2. Model Mimarisi

Veri on isleme: Baglangicta, veriler dikkatli bir 6n
isleme siirecinden gecirilmistir. Veri setindeki
goriintiiler, ilk olarak 256x256 boyutuna yeniden
boyutlandirilmigtir. Bu islem sonrasinda, veri
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setinin ¢esitliligini artirmak amaciyla gesitli veri
artirma teknikleri 6zenle uygulanmistir. Bu
teknikler arasinda doniis araligi (rotation_range) 10
derece, kayma araligi (shear range) 0.2 ve
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yakinlagtirma araligi (zoom range) 0.2 gibi
parametreler optimize edilmistir. Ayrica, genislik
kaymasi aralig1 (width_shift range) 0.05, ytlikseklik
kaymasi araligi (height shift range) 0.05 ve kanal
kaymasi araligi (channel shift range) 0 olarak
ayarlanmistir. Veri artirma islemleri sirasinda,
gorintillerin  islenmesini  kolaylastirmak — ve
normalize etmek amaciyla 1/255 Olgeklendirme
(rescale) islemi uygulanmistir. Bu parametre
degerleri, bir dizi deneysel galismanin sonucunda
titizlikle belirlenmis ve en iyi sonuglarmn elde
edildigi degerlerdir. Ayrica, batch boyutu 128
olarak belirlenmistir ki bu, deneylerin hizli ve etkili
bir sekilde gergeklestirilmesine olanak saglamistir.

Ozellik ¢karma: Verilerden  6zelliklerin
¢ikarilmasi asamasi, bu noktada evrigimli sinir
aglart (CNN) gibi transfer 6grenme modellerinin
yardimiyla yapilmistir. Bu adimin temel amaci,
gorsel verilerde bulunan karmagikligi ve onemi
anlamak icin verilerden anlamli &zelliklerin
cikarilmasidir.  Ozellikle, celtik yapraklarmin
hastaliklarin1 tespit etmek i¢in kritik olan 6zellikleri
belirlemek bu asamanin odak noktasidir. CNN
modelleri, verilerin icerdigi bilgileri hiyerarsik
olarak analiz eder ve bu sayede goriintiilerdeki
desenleri ve ozellikleri tanimlamada son derece
etkilidirler. Ozellik ¢ikarmanin bu asamasi, daha
sonra modelin egitiminde kullanilacak olan temel
veri temsillerini olusturur. Bu sayede, farkli geltik
hastaliklarini ayirt etmek igin gerekli olan bilgi elde
edilmis olur.

Model egitimi: Ozellikler, basarili bir hastalik
teshis modeli olusturmak ig¢in model egitimi
asamasinda kullanilirlar. Bu asama, oOzelliklerin
onceki islemlerle islenmesinden sonra elde edilen
veri temsillerini modelin anlayabilecegi bir formata
doniistirmeyi igerir. Model egitimi, bu veri
temsillerini  kullanarak bir yapay sinir ag1
olusturmayi igerir. Bu ¢alismada, modelin mimarisi
128, 64 ve 32 noronlu ii¢ katmandan olusan bir
yapay sinir ag1 olarak belirlenmistir. Bu katmanlar,
ozelliklerin daha yiiksek diizeyde temsil edilmesini
saglar. Model, veriler arasindaki karmasikliklari ve
iligkileri Ogrenerek, celtik yaprak hastaliklarini
dogru bir sekilde smiflandirma yetenegine sahip
olur. Model egitimi asamasi, verilerin ilizerindeki
desenleri tanimay1 6grenerek, sonunda giivenilir ve
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dogru teshisler yapabilen bir yapay zeka modelinin
olusturulmasin1  saglar. Ozellikler ¢ikarildiktan
sonra, bir modeli egitmek i¢in kullanilirlar. Model
egitimi 128, 64 ve 32 noronlu 3 katmandan olusan
yapay sinir aglari ile gerceklestirilmistir.

Bu caligmada, c¢eltik yaprak hastaliklarinin erken
teshisinde derin 6grenme tabanli transfer 6grenme
modellerinin  etkinligini ve bu modellerin
performansini degerlendirmek i¢in ¢esitli metrikler
kullanilmustir.

2.3. Performans Metrikleri

Accuracy (Dogruluk): Dogru tahmin edilen
orneklerin toplam 6rnek sayisina oranini ifade eder.
Bu metrik, genel smiflandirma basarisini yiizde
cinsinden gosterir.

F1 Score: F1 skoru, hassasiyet (precision) ve
duyarlilik  (recall)  metriklerinin ~ harmonik
ortalamasini ifade eder. Bu metrik, dengeli
sonuglar1 degerlendirmek i¢in kullanilir.

Recall (Duyarhlik): Duyarlilik, ger¢ek pozitif
sayisinin, gercek pozitif sayist ve yanlis negatif
sayist toplamma bolinmesi ile hesaplanir.
Duyarlilik, yanhs negatiflerin kagirilma oranini
ifade eder.

Precision (Hassasiyet): Hassasiyet, gercek pozitif
sayisinin, gergek pozitif sayist ve yanlis pozitif
sayisi toplamina bolinmesi ile hesaplanir.
Hassasiyet, yanlis pozitiflerin oranini ifade eder.

Bu metrikler, celtik yaprak hastaliklarinin tespiti
icin kullanilan transfer 6grenme modellerinin
performansini objektif bir sekilde degerlendirmek
ve sonuglari daha iyi anlamak amaciyla
kullanilmustir.

Cizelge 2. Performans metriklerinin matematiksel

formiilleri
Metrik Formiil
Accuracy  |(TP+TN)/(TP+TN+FP+FN)*100
Recall TP/(TP+FN)
Precision  |TP/(TP+FP)
F-Measure |{2%(RecallxPrecision)}/(Recall+
Precision)
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Bu denklemlerde T, F, P ve N sirasiyla Dogru,
Yanlis, Pozitif ve Negatif anlamina gelmektedir.
Omegin, TP dogru simuflandirilmis pozitif
orneklerin sayisini; FN ise yanlis simiflandirilmig
negatif drneklerin sayisini gdstermektedir.

3. DENEYSEL SONUCLAR

On islemden sonra veri kiimesi egitim, dogrulama
ve test kiimelerine ayrilmigtir. Egitim veri kiimesi
gorintiilerin %75'ini igerirken, goriintiilerin kalan
%25'1" test wveri kiimesini olusturmak igin
kullanilmustir.

Egitim veri kiimesi, toplamda 4160 goriintiiden
olusmaktadir. Bu goriintiller 13 farkli sinifa
ayrilmistir  ve  her smifta 320  goriinti
bulunmaktadir. Dogrulama veri kiimesi iginse
egitim veri setinin %15'1 ayrilmustir, toplam 624
goriintiiden olusmaktadir.

Geriye kalan 3536 goriintii ise egitim siirecinde
kullanilmak iizere ayrilmigtir. Test veri kiimesi ise
13 farkli smifa ait toplam 1040 gdriintiiden
olusmaktadir. Her  smifta 80 gorlintii
bulunmaktadir. Bu sekilde, veri kiimesinin farkli
boliimleri arasinda  benzerlik olugmasini
engellemek ve daha akici bir ayrima ulagmak

Ciineyt OZDEMIR

amaglanmistir. Celtik hastaliklarint siniflandirmak
amactyla, Xception, ResNet101V2, MobileNetV2,
DenseNetl21 ve InceptionV3 gibi yaygin olarak
kullanilan transfer Ogrenme modelleri
kullanilmistir. Bu ¢alismada, transfer &grenme
modelleri Oznitelik ¢ikarmak amaciyla
kullanilmistir. Bu modeller, en iyi Oznitelikleri
¢ikararak Onerilen modelin en yiiksek basari
skorlarin1 elde etmeye odaklanmistir. Transfer
o0grenme modellerine herhangi bir fine tuning
islemi yapilmamstir. Tim modeller icin Adam
optimizasyon algoritmasi kullanilarak
optimizasyon gerceklestirilmistir. Egitim
stirecinde, 6grenme orani1 0.001 olarak ayarlanmisg
ve her model 100 epok boyunca galistirilmistir.
Optimum performansi saglamak igin
ModelCheckpoint ve EarlyStopping yontemleri,
modelin en yiiksek performansi sergiledigi noktada
egitimi  durdurmak i¢in uygulanmistir. Batch
boyutu 128 olarak belirlenmistir.

Deneyler veri seti iizerinde gergeklestirilmis ve
transfer 6grenme modellerinin celtik hastaliklarini
smiflandirmadaki  performanslart  incelenmistir.
Elde edilen sonuglar, farkli transfer 6grenme
modellerinin dogruluk, hassasiyet, 6zgiinliik ve F1
skoru gibi Olgiitler {izerinden analiz edilerek
Cizelge 3'te sunulmustur.

Cizelge 3. Transfer 6grenme modelleri performans sonuglari

Accuracy F1 score Recall Precision
InceptionV3 %89,62 %89,67 %89,62 %89,98
ResNet101V2 % 71,35 %71,46 %71,35 %73,99
Xception %93,37 %93,42 %93,37 %93,65
MobileNetV2 %87,60 %87,63 %87,60 %88,54
DenseNet121 %92,31 %92,27 %92,31 %92,34

Cizelge 3'e gore, Xception modeli %93,37'lik bir
dogruluk oraniyla en iyi sonuclar1 elde etti.
InceptionV3 modeli %89,62, ResNet101V2 modeli
%71,35, MobileNetV2 modeli %87,60 ve
DenseNet121 modeli ise %92,31 dogruluk elde etti.

Sekil 3, Xception modelinin kayip ve dogruluk
performansinin bir grafigini gostermektedir. Model,
egitim ilerledikge kayiplarin1  azaltmis ve
dogrulugunu artirmustir.

C.U. Miih. Fak. Dergisi, 38(3), Eyliil 2023

Dogruluk, modelin test veri setindeki goriintiileri ne
siklikla dogru smiflandirdiginin  bir 6lgiisiidiir.
Xception modelinin dogrulugu %93,37'dir, yani
goriintlilerin =~ %93,37'sini  dogru bir sekilde
siniflandirmastir.

Hassasiyet, modelin pozitif oldugunu tahmin ettigi
goriintiileri ne siklikla dogru siniflandirdiginin bir
Olglisiidiir.  Xception modelinin  hassasiyeti
%93,65'tir; bu da modelin pozitif oldugunu tahmin
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ettigi gorlintiilerin %93,65'inin gercekten pozitif — Olglisiidiir. Xception modelinin kesinlik orani
oldugu anlamina gelir. %93,37'dir; bu da modelin test veri kiimesindeki
tim pozitif gorintilerin = %93,37'sini  dogru

Kesinlik, modelin test veri kiimesindeki tiim pozitif siniflandirdig: anlamina gelmektedir.

goriintiileri ne siklikla dogru siniflandirdiginin bir

Model accuracy Model loss

0.7
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Sekil 3. Xception modeline ait kayip ve dogruluk grafigi

Loss

Sekil 4, Xception modelinin test veri kiimesi tarafindan dogru ve yanhis siniflandirilan
izerindeki siniflandirma performansini gosteren bir ~ goriintiilerin sayisina iliskin kapsamli bir genel
karmasiklik matrisini gostermektedir. Bu matris,  bakig saglar.

her bir smifa gore kategorize edilen model

Karmasikhk Matrisi

Bacterial Leaf Blight [¢] 2 1 2 4] [e] [¢] o L¢]
Bacterial Leaf Streak - 0O 4] (4] (4] [¢] o (o] o (4] [¢]
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2k
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-
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Tahmin edilen Etiket
Sekil 4. Xception modeline ait karmasiklik matrisi

Sekil 4'deki karmasiklik matrisi, test veri goOstermektedir. Matris, Xception modelinin 971

kiimesinde Xception modeli tarafindan dogru ve  gdriintiiyii dogru siniflandirdigini ve 69 goriintiiyii
yanlis  smiflandirilan  goriintillerin -~ sayisint  yanlig siniflandirdigini gostermektedir.
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Cizelge 4, 13 farkli sinifa ayrilmis goriintiilerdeki
celtik hastaliklarini kategorize etmek i¢in Xception
modelinin uygulanmasiyla elde edilen
siniflandirma sonuglarini géstermektedir. Bu tablo,
her bir smiftaki goriintiilerin basar1 oranini yiizde

Cizelge 4. Xception siniflandirma raporu

Ciineyt OZDEMIR

olarak  belirtmek  i¢cin  ¢esitli  metrikler
kullanmaktadir. Bu metrikler arasinda dogruluk,
hassasiyet, ozgiinlik ve F1 skoru gibi Olgiitler
bulunmaktadir. Ayrica, her sinifa ait test goriintii
sayilar1 da belirtilmektedir.

Precision Recall F1-Score Support

bacterial leaf blight %96,1 %91,3 %93,6 80
bacterial leaf streak %98.8 %98.,8 %98.8 80
bacterial panicle blight %98.8 %100 %99.,4 80
black stem borer %98,7 %96,3 %97,5 80
blast %85,5 %88,8 %87,1 80
brown_spot %96,0 %90,0 %92,9 80
downy mildew %86,2 %93,8 %89.,8 80
hispa %81,4 %87,5 %84,3 80
leaf roller %97,5 %96.,3 %96.9 80
normal %388, 1 %92,5 %90,2 80
tungro %100 %87,5 %93,3 80
white stem borer %91,8 %97,5 %94,5 80
yellow stem_borer %98,7 %93,8 %96,2 80
accuracy %93.,4 1040
macro avg %93,6 %93,4 %93,4 1040
weighted avg %93,6 %93,4 %93,4 1040
Cizelge 4, Xception modelinin bakteriyel salkim  sergileyerek dikkat ¢ekmektedir. Ancak, bu

yanikligi (bacterial panicle blight)  smifi icin
%99,4 F1-skoru ile tim smuiflar i¢in en yiiksek F1-
skorunu elde ettigini gostermektedir. Siniflandirma
raporu, modelin bakteriyel yaprak yamklig1
(bacterial leaf blight), bakteriyel yaprak cizgisi
(bacterial leaf streak) ve bakteriyel salkim
yanikligi(bacterial panicle blight) simiflar1 i¢in en
yiiksek hassasiyete ve kesinlige sahip oldugunu
gostermektedir. Model, hispa sinifi i¢in en diisiik
hassasiyet ve kesinlige sahip iken, tungro sinif1 i¢in
en diisiik kesinlige sahiptir.

4. SONUCLAR

Bu caligma, celtik hastaliklarinin
siiflandirilmasinda transfer 6grenme modellerinin
kullanimmin yanmi sira yapilan veri 6n isleme
adimlarinin ve yapay sinir agi ndron se¢iminin
sonuglara olan etkisini incelemeyi amaglamistir.
Xception modeli, test veri kiimesinde %93,37'lik bir
dogruluk elde ederek en yiiksek performansi
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basariya ulagsmadan 6nce veri 6n igleme siiregleri ile
cesitli yapay sinir ag1 noéron secenekleri tizerinde
titiz bir ¢alisma yiiriitiilmiistiir. Bu sonuglar, geltik

hastaliklarinin ~ smiflandirilmasinda  kullanilan
yontemlerin se¢imi ve veri isleme adimlarimin
sonuglar tizerindeki etkisinin O6nemini
vurgulamaktadir.

Bu ¢alismanin sonuglari, ¢eltik hastaliklarini etkili
bir sekilde siniflandirmak igin transfer dgrenme
modellerinin kullanilabilecegini gostermektedir.
Xception modeli en etkili model olarak
bulunmustur, ancak diger modeller de yiiksek
dogruluk elde etmistir. Transfer &grenme
modellerinin kullanimi, bir modeli sifirdan egitmek
gerekmedigi icin zaman ve kaynak tasarrufu
saglayabilir. Bu da transfer 6grenme modellerini
celtik hastaliklarinin tespitine yonelik otomatik
sistemlerin  gelistirilmesi i¢in umut verici bir
yaklasim haline getirmektedir.
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Bu ¢alismanin sonuglari, ¢eltik hastaliklarinin daha
etkili ve dogru bir sekilde tespit edilmesi amaciyla
kullanilabilir. Bu sistem, ¢iftciler tarafindan
hastaliklar1 erken asamada tespit etmek ve
yonetmek i¢in kullanilabilir ve bu da iriin
kayiplarin1 azaltmaya yardimer olabilir. Sistem
ayrica aragtirmacilar tarafindan celtik
hastaliklarinin ~ gelisimini incelemek igin de
kullanilabilir.

Bu calismanin sonuglari, sinirli bir veri kiimesi
kullanildiginda elde edilen sonuglar {izerine
odaklanmistir. Daha biiyiikk bir veri kiimesinin
kullanilmasi, transfer Ogrenme modellerinin
performansin1  daha  kapsamli  bir  sekilde
degerlendirilmesine  olanak taniyacaktir. Bu
nedenle, gelecekte yapilacak caligsmalarin, geltik
hastaliklarinin smiflandirilmasinda transfer
6grenme modellerinin daha yiiksek bir veri kiimesi
lizerindeki performansini daha ayrintili bir sekilde
incelenmesi gerekmektedir. Elde edilen sonuglar,
daha biiyiik veri setleri kullanmanin bu tiir otomatik
teshis sistemlerinin basarisini daha da artirabilecegi
bir potansiyeli isaret etmektedir.
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Oz

iki iplik 6rme kumaslar zemin ve astar iplikleri olarak iki farkli iplikle elde edilir ve zemin iplikleri kumas
On yliziinii olusturan ilmekleri yaparken astar iplikleri uzun atlamalar ve belirli noktalarda aski baglantilart
ile kumas arka yiiziinii olusturur. Astarh 6rgii veya fleece kumas olarak da adlandirilan iki iplik ve ti¢ iplik
yuvarlak 6rme kumaglar, iyi termal konforlari, diisiik hava gegirgenlikleri ve soguga karsi korumalari
sayesinde son zamanlarda spor ve outdoor giysiler i¢in aranilan kumaslarin basinda gelmektedir. Caligma
ile iki iplik 6rme kumaslarda zemin iplik besleme miktar1 sabit tutulup astar iplik kasnak dereceleri
degistirilmek suretiyle elde edilen farkli astar ipligi oranlarinin kumas fiziksel ozellikleri, patlama
mukavemeti ve boyutsal 6zellikler iizerine etkilerinin ortaya koyulmasi amaglanmistir. Elde edilen bulgular
SPSS 21 paket programi kullanilarak istatistiksel olarak degerlendirilmistir. Calisma sonuglart zemin iplik
besleme miktari sabit tutuldugu i¢in ilmek yogunlugu ile ifade edilen kumas sikliginin degismedigini, astar
iplik oraninin artmasiyla kumas gramaj ve kalinliginin artarken patlama mukavemetinin kismen diistiigiini,
may donmesi ve boyutsal degisim oranlarinin etkilenmedigini gostermistir.

Anahtar Kelimeler:iki iplik 6rme kumas, Astar ipligi, Iplik orani, Patlama mukavemeti, May dénmesi,
Boyutsal stabilite

The Effects of Backed Yarn Ratio on Fabric Properties in Two-Fleece Fabrics
Abstract

Two-fleece knitted fabrics are obtained with two different yarns as ground and backed yarns, and while the
ground yarns make the loops forming the front of the fabric, the backed yarns form the back of the fabric
with long floats and tuck stitches at certain points. Two-fleece and three-fleece circular knitted fabrics, also
called lining braided or fleece fabric, are among the most sought-after fabrics for sports and outdoor
clothing, thanks to their good thermal comfort, low air permeability and protection against cold. With this
study, the ground yarn feeding amount was kept constant, and it was aimed to reveal the effects of different
backed yarn ratios obtained by changing its degree of the feeder pulley on the fabric physical properties,
bursting strength and dimensional properties in two-fleece knitted fabrics. The obtained results are assessed
statistically by using SPSS 21 package programme. The results of the study showed that the fabric tightness,
expressed by the loop density, did not change because the ground yarn feed amount was kept constant,
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while the fabric weight and thickness increased with the increase in the backed yarn ratio, the bursting
strength partly decreased, and spirality and dimensional changes were not affected.

Keywords: Two-fleece fabric, Backed yarn, Yarn ratio, Bursting strength, Spirality, Dimensional stability

1. GIRIS

iki iplik 6rme kumaslar, belirgin 1s1 yalitim1 ve su
buhar1 gecirgenligi ile karakterize edilir.

Stiprem o6rme kumasa gore daha iyi boyut
stabilitesine ek olarak iki iplik ve {i¢ iplik kumaslar
son zamanlarda, iyi termal konforlari, diisiik hava

gegirgenlikleri ve soguga karsi korumalari
sayesinde spor ve outdoor giysiler igin
kullanilmaktadir.

Literatiirde astarli 6rgii veya fleece kumas olarak
adlandirilan kumaglardir. Tek ¢elik yollu siiprem
yuvarlak 6rme makinelerinde iki iplik kumasg
iiretimi de miimkiin degildir. Clinkii iki iplik 6rme
kumas iiretimi i¢in astar ve zemin ipligini sevk
edecek iki farkli banda ve dolayisiyla iki farklhi
kasnaga ihtiyag vardir. Iki iplik siiprem
makinelerinde uygulanan kasnak ayarlar1 farklidur.
Stiprem makineleri, iki iplik makinelerine gére daha
yiiksek fein degerine (incelik) sahiptir.

Astar ipligi

Zemin ipligi

Sekil 1. ki  iplik kumasta
konumlari [1]

igne-platin-iplik

ki iplik orgiiler, tek plakali yuvarlak 6rme
makinelerinde ilmek-aski ve atlama orgi
elemanlarmin kullanilmasiyla elde edilen Orgii
cesididir. Bu orgii tipine farkli 6zelliklerde veya
numaralarda iplikler kullanilarak 6rme kumasin 6n
ve arka ylizeyleri farkli gorlintimler
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olusturmaktadir. Orme kumasin 6n yiizeyinde
ilmekler, kumagin arka kismi sardonlamaya miisait
atlamalardan olusan ylizeye sahiptir. Bu yiizden bu
tip orgiilere astar drgiilerde denilmektedir. iki iplik
orgiilerde atlamalardan dolayr kumasin bir
ylizeyinde atlamalar goziikiirken diger yiizeyi ise
stiprem kumas goriiniimiindedir.

Sekil 2. Iki iplik kumas igne diyagram ve sematik
gorliniimii [1]

Cift kasnakli makinede kasnaklarin birisinden
zemin ipligi, digerinden ise astar ipligi sevk
edilmektedir. Orgii yapisim olusturan zemin
ipliginin miktar1 ile astar ipliginin miktar1 esit
degildir. Ciinkii astar ipligi, uzun atlamalar ve
belirli noktalarda aski baglantilar1 yaptigi igin
zemin ipligine gore daha az iplik harcar. Bu
nedenle, kasnak ayari yapilirken; zemin ipliginin
verildigi kasnagin capinin astar ipliginin verildigi
kasnagin capindan daha biiyiik olacak sekilde
ayarlanmasi gerekir. Dolayisiyla ignelere beslenen
zemin iplik miktari, astar iplik miktarina gére daha
fazla olur.

Iki iplik kumaslar iizerine yapilan onceki
galismalarda  Shahbaz ve arkadaslari [2]
¢alismalarinda kullanilan iplik ve dolayisiyla kumas
inceldikge kumasta hem enine hem de boyuna
¢ekmenin arttigimi belirlemislerdir.

Ozcan [3] calismasinda {i¢ iplik kumaslarda ilmek
iplik uzunlugu ve yikama isleminin, fiziksel
ozellikler ve c¢ekme davranigt iizerine etkilerini
arastirmis ve yikama-kurutma iglemleri sonrasi
kumasin daha ince ve kompakt olmasi sebebiyle
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fiziksel ve mekanik 6zelliklerin etkilendigini ortaya
koymuslardir.

Gilinesoglu ve arkadaslari [4,5] iplik cinsi ve sardon
isleminin termal konfor iizerine etkilerini incelemis
ve sicak-soguk hissinin gardon isleminden
etkilendigini, iplik cinsi karisim oranmin daha az
etkili oldugunu ve sardonlu iki iplik kumasglarin
sardonsuz kumaslara gore daha 1lik hissi verdigini
tespit etmislerdir.

Fouda ve arkadaglari [6] ¢aligmalarinda astar iplik
numarast ve biikiim faktoriiniin iki iplik kumas
ozelliklerine  etkilerini inceleyerek  dogrusal
yogunlugunun artmasi yani ipligin kalinlasmasryla
kumas gramaji ve kalinliginin arttifini, may
donmesi ve kumas ¢ekme degerlerinin iyilestigini,

sardon isleminin 1s11  konfor  &zelliklerini
gelistirdigini, iplik biikkiim faktoriiniin ise kumas
ozellikleri tizerinde etkili olmadigini
belirlemiglerdir.

Asker ve arkadaglar1 [7] tarafindan {i¢ iplik
kumaslar tizerine yapilan bir ¢aligmada ise astar ve
zemin iplik cinsleri, atlama sayis1 ve astar iplik
uzunlugu ve farkli terbiye islemlerinin sardon
hasliklar1 tizerine etkileri aragtirilmistir. Calisma
sonunda astar iplik cinsi ve terbiye isleminin sardon
hasligi lizerinde etkili oldugunu ifade etmislerdir.

Kaikobad ve arkadaslar1 [8] yaptiklar1 ¢alismada
astar ipliginin yaptigi aski pozisyonu ve
yogunlugunu degistirerek kumas 6zeliklerini
incelemislerdir. Calisma ile ii¢ iplik kumaslarda
astar iplik aski pozisyonu ve yogunlugu ile kumas
ozellikleri arasinda oOnemli iliskiler oldugunu,
kumas gramaji ile patlama mukavemeti arasinda
ters yonlii iliski oldugunu tespit etmislerdir.

Cizelge 1. Iki iplik kumaslarin fiziksel 6zellikleri

Seval UYANIK

Onceki ¢aligmalar dogrultusunda iki iplik ve iig
iplik kumaslarin 1s1l konfor o&zellikleri, agirlik
kaybi, bilikiim etkisi, hava gecirgenligi, patlama
mukavemeti, may dénmesi ve boyutsal degisimler
acisindan incelendigi goriilmektedir. S6z konusu
ozelliklerin arastirllmasinda etkileyen faktorler
olarak kumas 6zelliklerinden ¢ok iplik 6zellikleri ve
terbiye islemleri faktér olarak alinmigtir. Bu
calisma kapsaminda ise kumas arka yiiziinde yer
alan astar ipligi besleme miktarindaki degisimler
faktor olarak alinarak astar ipligini besleyen kasnak
derecelerinin  degistirilmesiyle farklilagan astar
ipligi oranlarinin  kumas ozelliklerine etkisi
aragtirllmistir.  Bu  sayede olumlu  kumas
ozelliklerinin elde edilmesinde olmasi gereken astar
ipligi oraninin ortaya konulmasi c¢aligmanin ana
hedefini olusturmustur.

2. MATERYAL ve METOT

Calismada kumas numunelerinin {iretimi, 6zel bir
orgii isletmesinde %100 pamuk hammaddeli olan
Ne 30/1 O.E. zemin ipligi (6n yiiz) ve Ne 20/1 O.E.
astar ipligi (arka yiiz) kullanilarak 20 dev/dk tiretim
hizinda, 28 igne/ing (E28) makine inceliginde, ¢ift
iplik besleme kasnakli 32 pus Wellknit yuvarlak
orgli makinesinde gerceklestirilmistir. Kumasg
Ozellikleri tizerine astar ipligi oranmn etkilerini
ortaya koymak amactyla zemin ipliklerini besleyen
kasnak sabit tutulup astar ipliklerini besleyen
kasnak i¢in farkli kasnak dereceleri belirlenerek bes
farkli kumas elde edilmistir. Iki iplik 6rgii kumas
numunelerinin fiziksel 6zellikleri ilgili standartlara
[9-11] gore belirlenerek Cizelge 1°de verilmistir.
Astar ipliklerinin kumasa atlama ve aski hareketleri
ile baglanmasiyla olusan ve astar iplik ylizmelerinin
goriildiigii iki iplik kumas arka yiiz goriiniimleri
Sekil 3°te verilmistir.

Astar iplik [lmek sira | [lmek gubuk 1Vlmekw Zemin/Astar | Gramaj | Kalmlik
Numune kasnak Sayisi/cm Sayisi/cm yogunlugu 2
derecesi (cpc) (wpc) (ilmek/cm?) orant g/m mm
1 100 16,0 13,0 208,00 2,80 188,23 0,728
2 105 15,5 13,5 209,25 2,76 193,58 0,760
3 110 15,5 13,5 209,25 2,72 193,83 0,782
4 115 15,5 13,5 209,25 2,62 196,34 0,792
5 120 15,5 13,5 209,25 2,54 197,38 0,806
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Fiziksel 6zellikleri belirlenen kumaslarin gerilmeye
kars1 direncini ve boyutsal Ozelliklerini ortaya
koymak igin ilgili standartlar [12-14] referans
aliarak patlama mukavemeti, boyutsal degisim ve
may donme testleri uygulanmis ve test sonuglari

Cizelge 2’de verilmistir. SPSS 21 paket programi
yardimiyla %95 giiven araliginda ANOVA ve
Pearson korelasyon testleri uygulanarak da ¢alisma
sonuglari istatistiksel olarak degerlendirilmistir.

Cizelge 2. Iki iplik kumaslarm patlama mukavemet ve boyutsal degisim test sonuclari

— - o
Numune Astard I«eprglc:(el;?snak Patlama(Ew;a§avemet| IIBEcr)]yutsaI degisim (B/Ooi/ May donmesi (%)

1 100 455,97 -1,67 -7,33 2,67

2 105 447,16 -2,00 -7,00 3,33

3 110 443,06 -2,33 -6,67 3,33

4 115 438,76 -2,33 -7,33 2,67

5 120 429,04 -2,00 -7,00 3,00
3. BULGULAR ve TARTISMA S6z konusu resimlerde goriildiigii iizere atlama

Zemin iplik kasnak derecesi sabit tutulup astar iplik
kasnak derecesinin degistirilmesi sonucunda kumas
fiziksel ozelliklerinde degisimler meydana geldigi
zemin/astar iplik orani, gramaj ve kalmlik test
sonuglarinin ~ verildigi  Cizelge 1’de agikca
goriilmektedir. Beklendigi gibi zemin iplik kasnak
derecesi degistirilmedigi icin zemin iplik tarafindan
olusturulan kumas 6n yiiziindeki ilmek sira ve
cubuk sayilar1 ve dolayisiyla ilmek sira ve ¢ubuk
sayilarinin ¢arpimi ile elde edilen ilmek yogunlugu
degerleri de degigsmeyip tiim kumas numuneleri igin
ayni olarak tespit edilmistir. Kumasin arka yiiziinde
yer alan ve yiizmeler yapan astar ipligi miktari ise
besleme kasnak derecesinin degistirilmesiyle
farklilagsmis ve kasnak derecesinin artmasiyla dogru
orantili olarak astar ipligi de artmistir. Astar ipligi
miktarindaki artis Sekil 3’te verilen kumag astar
kismi olan arka yiiz resimlerinde de goriilmektedir.
Astar iplik oran1 en diisiik olan 100 kasnak dereceli
kumastan astar iplik oram1 en yiiksek olan ve 120
kasnak dereceli kumasa dogru astar iplik yiizme
miktarinin  veya baska bir ifadeyle atlama
uzunlugunun arttig1 agik bir sekilde izlenmektedir.
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uzunlugu yani astar iplik ylizmesi arttiginda ipligin
farkli ignelerde aski hareketi ile kumasa
baglanmasiyla olugan ¢apraz atlama iplik goriiniimii
olusmustur.  Capraz  aski-atlama  yerlesimi
neticesinde, ayni ilmek sirasinda yer alan astar
ipliginin atlama mesafesi alt veya st ilmek
sirasinda yer alan astar ipliginin kapladigi atlama
mesafesine dogru tasma gostermis ve astar iplik
orani arttik¢a da kumas goriintiilerinden agikga belli
oldugu iizere s6z konusu tagsma mesafesi artmistir.
Bunun sonucunda zemin iplik miktar1 sabit iken
astar iplik miktarinin artmasiyla da Cizelgeden
goriildiigii tizere kasnak derecesinin artmasina
paralel sekilde iki iplik kumas numunelerinin
zemin/astar orani diiserken gramaj ve kalinhik
degerleri artmistir. Cizelge 3’te verilen ANOVA
sonuglari, elde edilen bulgular: istatistiksel olarak
desteklemektedir. S6z konusu degiskenler igin
(p=,000) degerleri, astar iplik kasnak derecesinin
zemin/astar iplik orani, gramaj ve kalinlik {izerinde
istatistiki olarak anlamli etkiye sahip oldugunu
ifade etmektedir. Cizelge 4’te verilen Pearson
korelasyon sonuglarma gore (r=-,981**) katsay1
degeri, astar iplik kasnak derecesi ile zemin/astar
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iplik orani arasinda ters yonlii ve oldukca kuvvetli
bir iliski oldugunu ve kasnak derecesinin artmasiyla
zemin/astar iplik oraninin azaldigini
gostermektedir. ~ Ayn1  cizelgeden  goriilen
(r=,845**; r=,889**) katsay1 degerleri ise sirasiyla
gramaj ve kalinlik ile astar iplik kasnak derecesi
arasinda pozitif yonlii ve ¢ok kuvvetli iligkilerin
oldugunu ve astar iplik kasnak derecesinin
artmasiyla gramaj ve kalinlik degerlerinin arttiginm
ortaya koymustur.

45000 |

Patlama mukavemeti, kPa
B

000 —— — — — — —

100 105 1 11s 120

Astar iplik kasnak derecesi

Sekil 4. Patlama mukavemeti

Iki iplik kumas numunelerinin patlama mukavemeti
sonuglariyla elde edilen grafik Sekil 3’te verilmistir.
Grafikten gorildiigii iizere astar iplik kasnak
derecesinin artmasi ve paralel olarak kumasta astar
iplik oraninin artmasiyla dogru orantili sekilde
patlama mukavemetinin diistigii gortilmektedir.
Kumaslarin patlama mukavemeti arasindaki farklar
¢cok yiksek olmamakla birlikte astar ipligi
oranindaki artisin az da olsa mukavemet diigmesine
neden oldugu agikg¢a ortaya ¢ikmistir. S6z konusu
mukavemet diismesinin, kumas arka yiizeyinde
adeta ikinci bir yiizey olusturan astar iplik
yilizmelerinin artarak yilizey gevsekliginin artmasi
veya bagka bir deyisle astar iplik sikliginin azalmasi
kaynakli oldugu disiiniilmektedir. ANOVA
sonuglarinda (Cizelge 3) goriilen (p=,805) degeri,
astar iplik kasnak derecesinin patlama mukavemeti
iizerinde istatistiksel olarak anlamli etkiye sahip
olmadigini gosterirken Pearson korelasyon (Cizelge
4) sonuglarinda izlenen (r=-,269) degeri, astar iplik
kasnak derecesi ve patlama mukavemeti arasinda
ters yonli ve oldukca zayif bir iliski oldugunu
gostermistir.

C.U. Miih. Fak. Dergisi, 38(3), Eyliil 2023
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Sekil 5. May donmesi

Sekil 3’te iki iplik kumas numunelerinin may
donme sonuglart ile olusturulan grafik verilmis olup
bu grafikten kasnak dereceleri 100 ve 115 olan
kumaslarin en diisiik may donmesi derecesine,
kasnak dereceleri 105 ve 110 olan kumaslarin en
yliksek may donme derecesine, kasnak derecesi 120
olan kumagin ise iki deger arasinda may donme
derecesine sahip oldugu goriilmektedir. 100 ve 110
olan kasnak dereceleri arasinda may donmesinin
arttigina iligkin bir egilim goziikse de 115 kasnak
derecesinde donme degeri diismiis ve ardindan 120
kasnak derecesinde tekrar artis egilimi gostermistir.
Ancak bu artis ve azalis egilimleri kalite kriterleri
acisindan kabul edilen =+0,5 tolerans sinirlar
dahilindedir. Dolayisiyla kasnak derecesindeki
artisla meydana gelen astar iplik orani artiginin iki
iplik kumaglarin may dénme derecelerini kismen
etkiledigi, ancak belirgin bir egilim yaratmadigi
sonucuna ulagilabilir. Cizelge 3°te verilen ANOVA
sonuglarina gore (p=,030) degeri astar iplik kasnak
derecesi etkisinin may donmesi iizerinde istatistiki
olarak anlamli oldugunu gosterirken Cizelge 4’te
verilen Pearson korelasyon sonuglarina gore
(r=,000) katsay1 degeri, astar iplik kasnak derecesi
ile may donmesi arasinda herhangi bir iligki
olmadigini gostermistir.

Sekil 4’te iki iplik kumaslarin en ve boy yoniinde
boyutsal degisim oranlarmi1 gdsteren grafik
verilmistir. Grafik incelendiginde astar iplik kasnak
derecesi artis1 ve paralel buna bagli olarak kumasta
astar ipligi oraninin artmastyla hem en hem de boy
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yoniinde kumaslarin ¢ekme degerlerinin birbirine
oldukca yakin oldugu ve belirgin bir azalma veya
artma egiliminin olmadig1 goézlenmistir. Cizelge 3-
4’te verilen ANOVA ve Pearson Kkorelasyon
sonuglaria goére (p=,614; p=,100) degerleri astar
iplik kasnak derecesinin boyutsal degisim iizerinde
istatistiki olarak anlamli etkiye sahip olmadigini,
(r=-,126; r=,054) katsay1 degerleri ise astar
iplik kasnak derecesi ile en ve boy yonii ¢ekme
oranlari arasinda oldukea zayif iliskilerin oldugunu
ortaya koymustur.

Boyutsal 6zellikler acisindan iki iplik kumasglarin
may donme dereceleri ile en ve boy ¢ekme oranlari
birlikte degerlendirildiginde astar iplik kasnak
derecesi artist ve buna paralel olarak astar iplik
orani artiginin s6z konusu oOzellikleri ¢ok fazla

etkilemedigi bulgulari elde edilmistir. Bu sonucun
kumasin ana yapisini olusturan ilmeklerin zemin
ipligiyle elde edilmesi ve mevcut ¢calismada zemin
iplik besleme oranlarmin sabit tutulmasi suretiyle
ilmek sira, cubuk sayilart ve ilmek yogunluklariin
sabit olmasi1 ve dolayisiyla s6z konusu 6zelliklerin
ifade ettigi kumas sikliklarmin ayni olmasindan
kaynaklandig1 diisiiniilmektedir. Baska bir sekilde
ifade etmek gerekirse hammadde yani iplik
ozelliklerinin degigsmedigi sartlarda kumag boyutsal
ozelliklerini en fazla etkileyen faktoriin kumas
siklig1 oldugu bilinmektedir [15-17]. Dolayistyla
orme kumagslarda sikligi ifade eden sira-¢ubuk
sayilar1 ile ilmek yogunlugunun calismada
kullanilan iki iplik kumaslar igin ayni olmasi
neticesinde boyutsal oOzelliklerde herhangi bir
onemli farklilik ortaya ¢ikmamustir.

Astar
iplik
0.00 kasnak
derecesi
-1,00 W 100
® 105
g 200 W10
g W15
E 300 Hiz0
;':’n -400
[
E -5,00
2
-6,00
-7,00 -
-8,00
En
Sekil 6. Boyutsal degisim
Cizelge 3. ANOVA sonuglari
i o .. Tip 11 Kareler Kareler .
Faktor Bagimli Degiskenler Toplami df Ortalamast F Sig.
Zemin/astar orant ,226 4 ,057 7,653E+30 ,000
Gramaj 251,767 4 62,942 21,490 ,000
Astar iplik Kalinlik ,019 4 ,005 24,755 ,000
kasnak Patlama mukavemeti 1990,400 4 497,600 ,402 ,805
derecesi En ¢ekme 1,360 4 ;340 ,680 614
Boy ¢ekme 2,160 4 ,540 2,250 ,100
May donmesi 3,200 4 ,800 3,333 ,030
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Cizelge 4. Pearson korelasyon sonuglari

Seval UYANIK

Zemin/astar

Patlama En Boy May

Faktor Gramaj | Kalinlik . . .
orant mukavemeti ¢ekme | ¢ekme | donmesi
... |Korelasyon -,981" ,845™ ,889™ -,269 -,126 ,054 ,000
Astar iplik K
kasnak atsayist
derecesi S!.g. ) (2- ,000 ,000 ,000 ,193 ,549 ,799 1,000
yonlii)

**_ Korelasyon 0.01 diizeyinde anlamlidir (2-y6nlii)
*. Korelasyon 0.05 diizeyinde anlamlidir (2-yonlii)

4. SONUCLAR

Calisma kapsaminda zemin (6n) ve astar (arka)
iplikleriyle elde edilen iki iplik yuvarlak 6rme
kumaslarda zemin iplik beslemesi sabit tutulup
astar iplik besleme kasnak dereceleri degistirilmis
ve boylece kumasta meydana gelen astar iplik orani
degisimlerinin kumas fiziksel 6zellikleri ile patlama

mukavemeti ve boyutsal Ozellikler {izerine
etkilerinin ortaya koyulmasi amaglanmustir.
Calisma ile zemin ipligin sabit sekilde

beslenmesinin bir sonucu olarak ilmek sira-¢ubuk
sayilariyla ifade edilen kumas sikliginin astar iplik
oranindaki degisimlerden etkilenmedigi, ancak
astar iplik orani arttikca kumag gramaj ve kalinlik
degerlerinde paralel bir artis oldugu tespit
edilmistir.

iki iplik kumaslarin patlama mukavemeti, astar
iplik orani degisimlerinden kismen etkilenmistir.
Astar iplik oraninin artmasiyla kumas arka yiiziinde
iplik ylizmelerinin artip astar iplik sikiliginin
azalmastyla iki iplik kumaslarmn  patlama
mukavemeti paralel olarak Onemsiz miktarlarda
diisiis gostermistir.

Boyutsal 6zellikler agisindan astar iplik oranindaki
degisimler, iki iplik 6rme kumaslarin en ve boy
yoniindeki boyutsal degisim oranlari ile may donme
derecelerini etkilememistir. Bunun zemin iplik
besleme miktarinin sabit olmasi ve buna bagh
olarak boyutsal ozellikleri etkileyen en 6nemli
faktorlerden biri olan zemin kumas sikliginin
degismemesi kaynakli oldugu sonucuna varilmistir.

Tim sonuglar birlikte degerlendirildiginde astar
iplik oranindaki degisimlerin iki iplik 6rme kumas
ozelliklerine ¢ok etkisi olmamakla birlikte astar
iplik orani arttikca kismen mukavemet kaybinin
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meydana gelmesi nedeniyle miimkiin oldugu kadar
astar iplik oram1 diisiik besleme derecelerinde
caligilmasi 6nerilmektedir.

Onemli bir husus olarak mevcut c¢alismanin
sardonsuz  iki  iplik  6rme  kumaslarda
gergeklestirildigi ve sardon igsleminin tiim sonuglari
etkileme  olasiliginin = oldugunu  belirtmek
gerekmektedir. Dolaysiyla ileriki ¢aligmalarda
sardonlu iki iplik kumaglar esas alinarak s6z konusu
ozelliklerin veya diger kumag ozelliklerinin hem
sardonlu hem de sardonsuz iki iplik 6rme kumaslar

icin  yeniden aragtirtlmasi olduk¢a fayda
saglayacaktir.

5. TESEKKUR

Calisma  kapsaminda kumas numunelerinin

tiretimini gergeklestiren ve testlerin yapilmasinda
laboratuvar destegi veren MEGA POLIETILEN
A.S.ye, testlerin yapilmasina yardimer olan
ogrencim Hilal Karakus’a tesekkiirlerimi sunarim.
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Oz

Bu c¢alismanin hedefi, lif ¢cekimi sirasinda polimere titanyum (Ti) nanopartikiil katkilama yoluyla elde
edilen Poliamid 6 (PAG6) ipliklerin ve bu ipliklerden tiretilen dokuma kumaslarin fiziksel, elektromanyetik
ve optik Ozellikleri {izerindeki etkisini arastirmaktir. Calisma kapsaminda; farkli oranlarda
(%0,05-0,10-0,15) Ti nanopartikiil katkilanmis PA 6 nanokompozit tekstiire iplikler (70 denye, kesitte 24
filament) iiretilmis ve deneysel olarak karakterize edilmistir. Kontrol kumas tiretimi i¢in Ti katkilanmamis
standart PA 6 multifilament iplik de iretilmistir. Sonug¢ olarak, Ti nanopartikiil katkilama, PA 6
multifilament ipliklerin ve dokuma kumas orneklerinin mekanik o6zellikleri iizerinde diisiik seviyede
anlamli bir etki gostermistir. Uygulanan Ti katkilama oranlarinin, kontrol kumasa gore katkilanmis kumas
orneklerinin elektromanyetik koruma etkinligi (EMSE) degerleri iizerinde anlamli bir etkisinin olmadig:
belirlenmistir. Uygulanan oranlarda Ti katkilama, kumas 6rneklerinin optik gecirgenligini azaltma
yoniinde etki etmis, dalgaboyu biiylidiikce bu etki artma egilimi gostermistir. Uygulanan katkilama oranlari
optik sogurma iizerinde pozitif yonde bir etki gostermistir.

Anahtar Kelimeler: PA 6, Titanyum, Nanokompozit, Elektromanyetik girigim, Optik 6zellikler

Investigation on Physical, Electromagnetic and Optical Properties of Titanium
Nanoparticles Doped Polyamide Fabrics

Abstract

The aim of this study is to investigate the effect of titanium (Ti) nanoparticle doping on the physical,
electromagnetic and optical properties of Polyamide 6 (PA 6) yarns and woven fabrics produced from these
yarns. In this context, PA 6 nanocomposite textured yarns (70 denier, 24 filaments in cross section) doped
with Ti NPs in different ratios (0.05%-0.10-0.15) were produced and experimentally characterized.

*Sorumlu yazar (Corresponding Author): Banu YILMAZ AKYUREK, banuyilmaza@mersin.edu.tr
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Standard PA 6 multifilament yarn without Ti doped was produced for the production of control fabrics. As
a result, it was concluded that Ti nanoparticle doping has a low-level significant effect on the mechanical
properties of PA 6 multifilament yarn and woven fabric. It was determined that the applied Ti doping ratios
did not significantly affect the electromagnetic shielding efficiency (EMSE) values of the doped fabric
samples compared to the control fabric. At the applied rates, Ti doping had a decreasing effect on the optical
transmittance of the fabric samples, and this effect tended to increase as the wavelength increased. The

applied doping ratios increased the absorption rate.

Keywords: PA 6, Titanium, Nanocomposite, Electromagnetic interference, Optical properties

1. GIRIS

Giinlimiizde, polimerden filament elde edilmesi
sirasinda eriyik igerisine nanopartikiil ilavesi
yontemiyle Tekstilde kullanilan liflere farkli
fonksiyonlar kazandirmak ve var olanlar1 ileri
seviyeye tagimak siklikla iizerinde ¢alisilan konular
arasindadir Polimere nanopartikiil ekleme yontemi,
nanoteknoloji biliminin tekstil teknolojisi alaninda
uygulanmasina oOnemli bir gostergesidir. ISO
(International Organization for Standardization)
standartlari, nanoteknolojiyi “Tekil atomlar,
molekiiller ya da belli bir hacime sahip
malzemelerden farkli olarak, boyut ve yapiya dayali
ozellik ve fenomenlerden yararlanmak adina,
maddenin nano 6l¢ekte diizenlenmesi ve kontrol
edilmesi amaciyla bilimsel bilginin uygulamaya
gecirilmesidir.” bi¢ciminde tanimlamaktadir [1].
Burada nano o&lgegin bilimsel ifadesi, 1-100 nm
araligidir.  Nanomalzeme ise standart bir
malzemenin  nanoteknoloji  yardimiyla  yeni
ozellikler kazandirilmig veya var olanlarm
degistirilmis  hali olarak tamimlanir. Yapay
(kimyasal) polimerlere nanopargaciklar
katkilandiktan sonra lif ¢ekimiyle nanokompozit
malzeme elde edilmektedir [2].

Tekstilde nanoteknoloji uygulamalar1 baglica ii¢
grup altinda toplanabilir:

Nanokompozit iplikler: Lif c¢ekimi sirasinda
polimer formundaki matriks igerisine
nanopargaciklarin eklenmesi yoluyla nanokompozit
iplik iretimi yapilabilmektedir. Katkilamanin
yanisira ince film kaplama yontemi ile de
nanokompozit iplik elde etmek miimkiindiir.

Bitim iglemleri: Sol-gel, plasma gibi kimyasal ya da
fiziksel kaplama, emdirme vb. yOntemler
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kullanilarak kumas yiizeyine nano malzemelerin
muamele edildigi terbiye iglemleridir [3].

Nanolif iiretimi: Elektro egirme gibi yeni gelisen
teknolojiler sayesinde nano Ol¢ekte capa sahip
lifler, iplikler ve dokular elde edilebilmektedir.

Elektromanyetik girisim (EMI) ve ultraviyole (UV)
korumasi giiniimiizde 6nemli bir sorun olup bu
sorunun  ¢Oziimiine yonelik etkili  {rtinler
gelistirmek amaciyla 6nemli miktarda arastirma
yapilmaktadir. Bu baglamda, insan saglig1 ve hassas
cihazlar iizerinde olumsuz etkileri bulunan bu
radyasyonlardan korunma saglayacak tekstil
iriinleri biiyiik ilgi gérmektedir. Ayrica, giyilebilir
elektronikler son doénemde moda ve eglence,
elektronik, medikal, koruma, spor, fitness, ulagim
gibi pek ¢ok sektdrden yogun talep gérmektedir. Bu
nedenle, iginde bulundugumuz modern ¢agda
elektronik cihazlarin kullanimi1 her gegen giin
yogunlagsmakta olup, bu elektronik cihazlarin
yaydigi radyasyon her gegcen daha fazla artmaktadir.
Bunun yani sira kiiresel 1sinmanm da etkisi ile
insanlar her gecgen giin daha fazla UV radyasyonuna
maruz kalmaktadirlar. Bu durum insan sagligi
iizerinde ¢ok ciddi olumsuz etkiler yapmaktadir.
Dolayisiyla, EMI ve UV koruyucu iriinler
gelistirme iizerine ¢alisma yapmak dnem tasimakta
olup oldukga fazla sayida ¢alisma yapilmaktadir.
Ozellikle tekstil malzemeleri, erisilebilirlik, diisiik
maliyet, hava gegirgenlik, esnek yapiya sahip
olmasi vb. 6zellikleri nedeniyle EMI ve UV koruma
icin ideal bir se¢enek olusturmaktadir [4-7].

Bu c¢aligma kapsaminda, polimer matriks (PA 6)
igerisine nanoparcaciklar (%99,9 Ti, 30-50 Nm)
katkilanarak yumusak egirme yontemi kullanilarak
elementler elde edilmis ve bu katkili iplikler daha
sonra atkida  kullanilarak  dokuma  kumas
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orneklerine donustiiriilmiistiir. Calismada; ipliklere
Ti nanopartikiil katkilamanin bu ipliklerden iiretilen

kumasin  elektromanyetik girisim ve optik
ozellikleri iizerindeki etkisini arastirmak
hedeflenmistir.  Son  yillarda, nanoteknoloji
yardimiyla kumaglara iistlin ozellikler

kazandirmay1 amaglayan bilimsel ¢aligmalara daha
sik rastlanmaktadir. Insan saglig1 ve hassas cihazlar
lizerinde olumsuz etki yapan elektromanyetik
girisim ve optik etkilesimlerden kaynakli olumsuz
etkileri azaltacak veya bertaraf edecek tekstil
malzemeleri gelistirmeyi amaclayan g¢ok sayida
bilimsel c¢alisma mevcuttur. Konuya iliskin
yapilmis, literatiirde rastlanan caligmalar asagida
Ozetlenmistir.

Nanoteknoloji, 1-100 nm boyutunda
nanopartikiiller (NP) igeren gesitli
nanomateryallerin  sentezi ve gelistirilmesiyle

ilgilenen yeni bir bilim dalidir [8]. Son yillarda
elektronik, ¢evre bilimi, insan iiremesi, ilag ve tip
gibi ¢esitli alanlarda NP'lerin kullanimi 6nemli
Olciide artmistir. Ayrica mekanik endiistride, enerji
iiretiminde ve yeni 0zelliklere sahip malzemelerin
iiretiminde yaygin olarak kullanilmaktadirlar [9].
Cu, Zn, Ti, Mg, Au ve Ag gibi metaller kullanilarak
farkli metalik nanoyapilar sentezlenmektedir [10].
Titanyum nanoparcaciklart (Ti NP'ler), mekanik
gligleri, biyouyumluluklar1 ve wuzun kullanim
gecmisi nedeniyle yaygin olarak kullanilan bir
metaldir  [11].  Titanyumun en  Onemli
ozelliklerinden birisi korozyona karsi olaganiistii
direngli bir element olmasidir [12]. Titanyum
dioksit (TiO2), nanopartikiilller, nanoteller ve
nanofiberler formunda en yaygin kullanilan yar1
iletkendir [13]. TiO2 NP'leri biiyiileyici optik,
elektriksel ve fotokatalitik Ozellikleri, ekonomik

olmalari, giivenlikleri, kirleticileri filtreleme
yetenekleri, kimyasal stabiliteleri ve toksik
olmamalarindan dolayr oOnemli bir uygulama

potansiyeline sahiptir. TiO2 NP'lerin tekstillere (lif,
iplik, kumas vb.) eklenmesi bircok yeni ve
gelistirilmis 6zellikler sunmaktadir. Ayrica, giic
tutusur tekstillerin imalatinda da TiO2 NP'ler
kullanilmaktadir [14]. Ayrica TiO2'in ¢ekici bir
antibakteriyel madde oldugu kanitlanmistir.
Yapilan 6nceki bir ¢alisma, TiO2’in gesitli testlerde
gesitli Gram-pozitif ve Gram-negatif bakterilere
karg1 giiglii antifungal ve antibakteriyel aktiviteler
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sergiledigini ortaya ¢ikarmistir [15]. Radeti¢ 2013
yilinda yaptig1 ¢alismasinda, TiO2 nanopartikiilleri
fotokataliz yontemi ile uyguladigi kumaslarin kendi
kendini temizleme o6zelliklerinin yani sira UV
koruma o6zelliklerinin de gelistigini aktarmistir.
[16]. Bununla beraber, Batur ve Akyildiz 2021
yilinda, lif iiretimi esnasinda TiO2 nanopartikiil
katkiladiklar1 polietilen tereftalat liflerinin (PET)
mekanik ozelliklerinde ve kristallenme
davranislarinda fotokatalitik etki yardimiyla kendi
kendine temizlenme 6zelligi kazandirilabilecegini
belirlemislerdir [17].

Felipe ve arkadaglar1 (2022) azot katkili grafen
kuantum (N-GQD) ve titanyum dioksit (TiO2)
nanopartikiiller ile kapladiklar1 pamuklu kumasin
fotoliiminesans ve anti-UV ozelliklerini
incelemislerdir. UV koruma degerlendirmesine
gore her iki malzemenin de milkemmel UV emici
oldugu ve ultraviyole koruma faktdriiniin (UPF)
nanokaplama yapilmis pamuklu kumaslarda
kullanilan konsantrasyonlara olduk¢a bagli oldugu
belirtilmistir. Sonu¢ olarak, TiO2, N-GQD ve
TiO2/N-GQD ile nanokaplanmis olan pamuklu
kumasta +50'lik bir UPF degeri elde edildigi, buna
ilaveten UV  radyasyonuna karst koruma
etkinliginin saglandig1 ve UPF'de hi¢bir degisiklik
olmadan 20 yikama dongiisiine kadar dayanim
saglandigi belirtilmistir [18]. Zhu ve arkadaslari ise
2004 yilinda yaptiklari ¢alismada, PA6/Nano-TiO2
kompozit ipliklerin iiretimi ve lif yapilabilme
yontemlerini  aragtirmiglardir.  Caligmalarinda,
yiizeyi degistirilmis TiO2’in kiimelenme egiliminin
azaldigint ve elde edilen PA6 nanopartikiil
katkilanmis ipliklerin kopma mukavemeti, modiil
ve uzama degerlerinin artig  gosterdigini
kanitlamiglardir.  [19]. Kumartaghh 2021 yilinda
yaptig1 caligmasinda nano zeoliti farkli oranlarda
poliester polimere ekleyerek kompozit iplik elde
etmistir. Nano zeolitin {iretilen ipliklerde ve bu
ipliklerden dokunan kumaslarda bazi iplik ve
kumas Ozellikleri tizerindeki etkileri arastirmustir.
Elde edilen sonuglar olduke¢a ilgi g¢egicidir. UV
koruyuculuk ve ses yutum seviyesinin nanopartikiil
katkilama sayesinde arttig1, 1s1l iletkenlik degerinde
azalma oldugu ve gii¢ tutusurluk 6zelliginin ise
degismedigi  gosterilmigtir  [20].  Attia ve
arkadaglari, PA/PES ve yiin kumaslara, TiO2 ve
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ZnO  nanopartikiillerle  kaplayarak,  kumas
orneklerinin UV koruyuculugunun, fiziksel
ozelliklerinin, su iticilikk ve antibakteriyel
aktivitesinin iyilestirilebilecegini 2016 yilinda
yaptiklart calismayla gostermislerdir. Wu ve
arkadaglart (2017) nano boyuttaki Cu, Fe ve TiO2
nanopartikiil (NP) katkis1 ile besledikleri ipek
bdceklerinden elde ettikleri ipek lifleri {izerine
yaptiklart ¢alismalarinda, 6zellikle Cu katkilanmis
ipek ipliginin mukavemet/uzama degerlerinin
kontrol ipligine gore sirastyla %89 ve %36 oraninda
daha yiiksek elde edildigini gostermislerdir.

TiO2 siklikla kullanilan nanomalzemelerden birisi
oldugu halde literatiirde %100 titanyum
nanopartikiillerin kullanilan benzer bir bulgu
goriilmemistir.

2. YONTEM

2.1. Materyal

Hammadde: PA 6 filamentleri, sentetik lifler
icerisinde en kullanim alan1 oldukga genis liflerden
birisidir. Bu lifler; giyim (elbise, kadin ve ¢ocuk
corabi, Ozellikle bayan i¢ giyim, deniz kiyafetleri,
mayo, korse, , gomlek, bluz, astar gecelik), ev
tekstili (hali, kilim, yatak Ortiisii), endiistriyel
tekstiller (parasiit bezi, emniyet kemeri, filtre
kumaslari, kayislar, ¢adir, yagmurluk, semsiye bezi,
balik ag1, dikis ve nakis iplikleri, otomobil lastigi
takviyeleri, otomotiv dosemelikleri) alanlarinda
yaygin sekilde kullanilmaktadir. Boylesine genis
kullanim alan1 bulunan ve yiiksek katma degere
sahip olan firiinlerin eldesinde siklikla kullanilan
PAG6 liflerinin, yiiksek mukavemetli, sikismaya
direngli, yumusak tutumlu, kolay renklendirilebilir
olmasi, canli renkler elde edilebilmesi, kolay
islenebilir olmasi, yiikksek nem alma 6zelligi,
¢oziiciilere ve bazlara kargi dayanikli olmasi gibi
avantajlarma kargin UV 1sinlarina karsi direncinin
az olmasi, kuvvetli asit oksitleyici maddelerden
etkilenmesi gibi olumsuz yonleri de vardir. Bu
olumsuz 6zellikleri kullanim alanini daraltmaktadir.
Ornekse; UV isinlarina karsi dayaniksiz olmasi
sebebiyle perde olarak kullanilamamaktadir.
Cizelge 1’de PA 6 liflerinin karakteristik 6zellikleri
sunulmustur.
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Cizelge 1.PA6 liflerinin fiziksel ve kimyasal
ozellikleri [23]

Erime sicaklig1 212-220°C
Kopma mukavemeti 2,5-5 cN/dtex
Uzama orani %35-55
Yogunluk 1,14 g/cm3
Rutubet %4
Asitlere karsi direng Diistik
Bazlara kars1 direnc Iyi
Mikroorganizma dayanimi Iyi
UV isinlarina direng Diisiik

Katki Malzemesi: %99,9 Metal Titanyum (30-50
Nm); alerji riski olmamasi, insan saglhigma zararl
toksik madde icermemesi ve agir metal

olmamasinin yanisira yiiksek mukavemete sahip
olmasi nedeniyle endiistride kullanilmaktadir. Sekil
1’de Ti NP’lerin SEM goriintiisii sunulmustur.

Sekil 1. Ti nanopartikiillerin SEM gOrilintiisi
2.2. Yontem

2.2.1. Ti Nanopartikiil Katkili iplik ve Kumas
Uretimi

Yapay lif ¢ekimi sirasinda, polimer eriyik veya
¢ozeltisine karistirilan  renklendirici pigmentler
veya Ozel bir islev saglayacak yardimer kimyasal
veya fiziksel maddelere ve/veya bu sekilde elde
edilen cipslere “masterbatch” adi verilmektedir.
Masterbatch iiretimi, SETAS Kimya Sanayi A.S.
tarafindan, isletme sartlarinda ¢ift vidali ekstriider
kullanilarak gergeklestirilmistir. Nanopartikiiller
cips tretimi sirasinda dozajlama sistemi ile polimer
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eriyigine dahil edilmistir. PA6 polimer eriyigine ii¢
farkli oranda (500-1000-1500 mg/kg) metal bazli
(%99,9) Ti NP’ler dozajli olarak katkilanmak
suretiyle NP  katkili  polimer tanecikleri
(masterbatch cipsi) elde edilmistir (Sekil 2).

MASTERBATCH
(Ti 0-500-1000-1500 mg/kg)}

. '\ 1cm

b=

h“ ",Aa'.". X L e ]
P katkili masterbatch cips [24]

Sekil 2. Ti

Eriyikten ¢ekme siirecinde, dnceden iiretilmis olan
Ti NP katkili tanecikler (cips) polimer eriyigine
karistirilarak kesitinde 24 adet filament bulunan
PA6 multifilamnt iplik 6rnekleri iiretilmistir. Nihai
ipliklerdeki NP oranlar1 agirlik¢a %0,05 - %0,10 ve
%0,15 olacak sekilde 3 seviye seklinde
uygulanmistir. Bunun yaninda, kontrol iplik drnegi
olarak, NP katkilanmaksizin standart bir PA6 ipligi
de iiretilmistir. Lif ¢ekimi sonrasinda multifilamnet
iplik ornekleri, yumugatma, biikiim, fiksaj prosesi
kullanilarak tekstiirize edilmis ve nihayet POY
(Partially Oriented Yarn) iplik elde edilmistir. Sekil
3’te tekstiire edilmis bir iplik Orneginin genel
gOriinimii sunulmustur.
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Sekil 3. Kesitinde 24 filament bulunan Ti

katkilanmis PA 6 tekstiirize iplik [24]

Iplikler iiretildikten sonra iplik testleri yapilmis ve
daha sonra iplik Ornekleri dokuma kumasa
dondstiirilmiistir. Numune iplikler yalnizca atki
yoniinde kullanilmak tiizere dokuma kumas
ornekleri 1/3 S dimi orgiisiiyle iretilmistir. Cozgii
ipligi olarak Ne 48/2 %100 yiin ipligi kullanilmustir.
Cizelge 2’de ¢alismanin deney plant ve numune
kodlar1 verilmistir.

Cizelge 2. Calismada kullanilan deney tasarimi

Kodu Kumas cinsi Ti katk1 orani
Kontrol Dokuma % 0,00
1 Dokuma % 0,05
2 Dokuma % 0,10
3 Dokuma % 0,15

2.2.2. Fiziksel Testler

Uretilen dért farkli iplik ornegine, dogrusal
yogunluk ve mukavemet/uzama testleri
uygulanmistir. Mukavemet/uzama testleri Proser
Tenso Tester cihazinda Ingiliz test standardi BS
1932°ye  gore gergeklestirilerek  mukavemet
(g/denye) ve uzama (%) degerleri dl¢iilmiistiir.

Ti NP katkilanmak suretiyle {iretilen iplik 6rnekleri
dokuma sirasinda yalnizca atki olarak kullanildig:
icin, mukavemet (kg-f) ve uzama (%) testleri
yalnizca atki yoniinde uygulanmistir. Testler James
Heal Titan test cihazi kullanilarak yapilmistir.
Testler, BS 2576 kodlu Ingiliz standardina uygun
olarak gergeklestirilmistir.

Nanopartikiil eklenerek elde edilen multifilament
ipliklerin i¢indeki nanopartikiillerin dagilimini ve
liflerin 6nceden belirlenmis bazi 6zelliklerindeki
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degisimi incelemek amaciyla kumas Orneklerine
SEM-EDX  cihazinda  gdrsel analiz  de
uygulanmuistir.

2.2.3. Yiizey Elektriksel Ozdiren¢ Ol¢iimii

Kumagin yiizey elektriksel 6zdirenci, iletkenliginin
bir Olgiisii olarak kabul edilmektedir. Caligmada
uygulanan metal nanoparcacik ilavesinin iiretilen
kumaslarin iletkenlikleri  {izerindeki etkisini
anlamak i¢in ylizey 6zdireng 6l¢timleri yapilmistir.
Numunelerin ~ yiizey  6zdirengleri, “ELME
MULTIMEG Megaohmmeter” cihaziyla
oleiilmiistiir. Olgiimlerde elektrotlar arasi mesafe 20
cm olarak uygulanmig ve kumasin farkli yonleri i¢in
Olciimler yapilmig, bu degerlerin ortalamasi dikkate
alinmistir. Olciim sonuglari, tim 6rneklerin yiizey
Ozdirenci degerlerinin 2x1012 ohm/kare’den fazla
oldugunu gostermistir. Bulgular, tiim kumas
orneklerinin yalitkan smifina girdigini ve ¢alismada
kullanilan oranlarda Ti NP katkilamanin kumas
orneklerinin iletkenligi iizerinde herhangi etki
yapmadigini ortaya koymustur.

2.2.4. EMI ol¢iimii

Elektromanyetik testlerde, serbest uzay (free space)
6l¢iim metodu kullanilmigtir. Kaynak taramasinda,
bu yontemin tekstil ile g¢esitli kompozit
malzemelerin elektromanyetik koruma etkinligi
(EMSE, electromagnetic shielding effectiveness)
6lciimlerinde siklikla tercih edildigi goriilmektedir.
EMI 6lglimleri, N5224A PNA Microwave Network
Analyzer cihazi kullanilarak gergeklestirilmistir.
Olgiim sirasinda, 6rnek kumas cihazda bulunan
karsilikli iki antenin arasina, tam orta noktaya
yerlestirilmigtir. Antenler ayni eksen {izerine
konumlandirilmistir  (Sekil 4). EMSE, numune
malzeme var iken ve yok iken 6l¢iilen elektrik alani
veya gli¢ yogunlugu arasindaki oranin logaritmik
bir sekli olarak tanimlanmaktadir. EMSE degerleri
1 nolu esitlik kullanilarak dB  cinsinden
hesaplanmistir.  Esitlikte; E, elektrik  alan
yogunlugunu, H, manyetik alan siddetini, P, gii¢
yogunlugunu, “0” alt simgesi, numune olmadan
Olciimii, “T” alt simgesi, numune var iken Sl¢limi
temsil etmektedir [5].
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Sekil 4. EMI &lgiimii i¢in kullanilan Mikrodalga
Network Analiz cihazinin bir gorseli

Olgiimler, 3-18 GHz frekans araliginda yapilmustir.
Bu aralik belirlenirken, haberlesme frekans
bandlarmi (uydu haberlesme, yeni nesil kablosuz
haberlesme vb.) kapsamasi gozetilmis ve kullanilan
cihazin teknik kapasitesi dikkate alinmigtir.

EMSE; = 20.Log 5—; =20.Log |:—; | = 10.Log :—"T (D)
Cizelge 2’de verilen kumas drneklerine ek olarak,
3-1 kodlu kumaslar ve 3-2-1 kodlu kumaslar EMI
Olglimii sirasinda iist iiste konularak oOl¢lim de
yapilmigtir. Bunun amaci, liretim sirasindaki katki
orani artirilamadigindan, bu yontemle daha yogun
Ti nanopartikiil katk: orani saglayarak performans

artis1 elde edilip edilemeyecegini arastirmaktadir.
2.2.5. Optik Olgiimler (UV-VIS-NIR)

Tim kumas orneklerine, UV (morétesi), VIS-
goriiniir bolge (~450-700 nm aras1) ve NIR (yakin
kizil6tesi) bolgeleri icin optik gegirgenlik ve
sogurma (absorbsiyon) testleri uygulanmistir. Bu
testler UV-VIS-NIR Spektrofotometresi
kullanilarak yapilmistir. Test sirasinda, cihazin
karanlik kabini igerisinde kumag Orneklerine
300-1200 nm  dalgaboyu araliginda 151k
gonderilmekte, 15181n 6rnek tarafindan sogurulma
ve karsida bulunan alictya iletilme oranlari (%)
Olciilmektedir.  Sekil 5°te agiklandigi gibi, 151k
demetinin yogunlugu, drnek yok iken (10) ve 6rnek
var iken (It) 6l¢iilmektedir. Sonrasinda, 2 nolu
esitlik kullanilarak UV gegirgenlik degeri (T)
hesaplanmaktadir.

T (%)=1_0/1_t.100 )
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Sekil 5. UV-VIS-NIR spektrofotometresinin
caligma prensibi [24]

3. BULGULAR VE TARTISMA

3.1. iplik Mukavemeti ve Uzama Testleri

Kesitinde 24 filament bulunan iplik 6rneklerine
uygulanan mukavemet/uzama testi sonuglarina
gore; Ti nanopartikiil (NP) katkilanmis iplik
Orneklerinin mukavemeti, NP katki oranin
artmas1 ile kontrol ipligine nazaran hafif bir artis
gostermigtir. Benzer sekilde, NP katkilanmig
ipliklerin uzama degerleri de katkilama yapilmamis
olan kontrol iplik 6rneklerine nazaran bir miktar
artig gostermistir (Sekil 6). Bulgular 15181nda, %100
Ti NP katkilama uygulamasinin PAG6 ipliklerin
mukavemet/uzama degerleri iizerinde diistik
seviyede olumlu etki yaptig1 sdylenebilir. Ancak bu
olumlu etkinin dogrusal bir seyir izlemedigi,
%0,10’luk Ti NP katkisindan sonra mukavemette
bir miktar azalma oldugu gozlenmektedir. Bunun
nedeni, Ti NP miktarinin artmasiyla belli bir
noktadan sonra aglomerasyon meydana gelmesi ve
katki maddesi ile matriks arasindaki arayiizey
baglarmin  zayiflamaya  baglamast  oldugu
diisiiniilmektedir. Uzama grafiginde, mukavemet
ile uzama arasinda ters bir oranti oldugu
gozlenmektedir. Bu durum, mukavemet artigini
saglayan faktorlerin (kristal yapinin artmasi, rijit
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yap1 vb.) uzama iizerindeki olumsuz etkisinden
kaynaklanabilir.

Mukavemet (g/denye) Uzama (%)
5.30 s. 35.0 301
5.25 340 -
5.20
5.20 - 33.0 7
32.0
5.15 -
310 -
5.10
: 500 | 297
5.05 - 290 |
5.00 - 280 -
4.95 27.0 -
Kontrol 1 2 3 Kontrol 1 2 3

Sekil 6. Uretilen iplik 6rneklerinin mukavemet ve
uzama degerleri [24]

3.2. Kumas Orneklerine
Mukavemet/Uzama Testleri

Uygulanan

Caligmada, dokuma kumaslara atki dogrultusunda
uygulanan mukavemet ve wuzama testlerinin
sonuglart degerlendirildiginde, Ti NP katkilanmis
atki iplik ornekleri ile dokunmus kumaslarin
mukavemet degerlerinin, Ti NP katkilama oraninin
artmast ile diisik seviyede arttigi sdylenebilir.
Fakat, katkilanmis ipliklerle dokunan tiim
kumagslarin mukavemet degerleri, katkilanmamis
kontrol iplikleri ile dokunmus olan kontrol
kumasina nazaran daha diisiik seviyededir (Sekil 7).
Ti NP katkilanmig tim iplik Orneklerinin
mukavemet degerleri kontrol ipligine nazaran daha
yiiksek iken (Sekil 6) ayni ipliklerle dokunan kumasg
orneklerine ait mukavemet degerlerinin kontrol
kumasinkine nazaran daha disiik (Sekil 7) oldugu
belirlenmigtir.  Bu  durum, kumasm 6zgiin
geometrisi ve katkilanan Ti nanopartikiillerin
ipligin kesme kuvvetlerine karst direncini olumsuz
etkilemesi nedeniyle ortaya c¢ikmis olabilir. Ote
yandan, Ti NP katkilama oraninin artmasi ile
kumasin uzama degeri azalma egilimi gostermistir.
Ti NP katkilanmis tiim iplik orneklerinin uzama
oranlar1 kontrol ipligininkine nazaran daha fazla
iken, aym ipliklerle dokunan Ti katkilanmig
kumaglarin uzama oranlar1 kontrol kumasinkinden
daha az bulunmustur. Yine bu durum, kumasin
Ozgilin geometrisi ve Ti NP katkilama nedeniyle
ipliklerin kesme kuvvetlerine karst direncinin
azalmasi sonucu ortaya ¢ikmis olabilir.
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Mukavemet (kgf)

7000 T age 51,0 o

69,00 50,0

68.00 49.0
49,0

67,00

66.00 65,05

65,00 47,0

64,00

63,00

62,00

Uzama (%)

48.0

46.0
45,0
61,00 4.0
60,00 43,0

Kontrol 1 2 E Kontrol 1 2 E

Sekil 7. Uretilen numune kumaslarin atk1 yoniinde
mukavemet/uzama grafikleri [24]

3.3. Kumas SEM Goriintiileri

Katkilanmig Ti nanopartikiillerin lif icinde ve
ylizeyinde nasil dagildigini incelemek igin iiretilen
dokuma kumaglarin SEM-EDX cihazinda analizleri
yapilmistir (Sekil 8). Analiz sonuglar1 Sekil 8’de
sunulmus olup ipligi ve kumasi olusturan liflerin
lizerine dagilan Ti NP’lerin belli noktalarda
oligomerizasyon nedeniyle kiimelenmedigi ve
diizgiin bir dagilm gosterdigi belirlenmistir.
Oligomerizasyonun gerg¢eklesmesi yani NP’lerin
kiimelenerek gruplar olusturmas: ve birbirine
baglanmast durumunda, bu gruplar arasindaki
mesafelerin acgilmasi ve iletkenligin olumsuz
etkilenmesi, kiimelesme sonucunda matriks-katki
arasindaki araylizey baglarmin bozulmasi gibi
istenmeyen durumlar meydana gelebilmektedir. NP
dagiliminin homojen olmamast ve iletkenligin
azalmasi da optik oOzellikler iizerinde dogrudan
olumsuz etkiler gostermektedir.

C W TioO

glafe

Lootm ——i20mm
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Sekil 8. Kumas atomlarin

numunelerinde
dagiliminin goriintiisii [24]

3.4. EMI Ol¢iim Sonuclariin Analizi

Kompozit bir malzemenin elektromanyetik koruma
verimliligi (EMSE), katkilanan maddenin cinsi,
matriks malzemenin iletkenlik, dielektrik, en boy
orani gibi pek ¢ok 6zelligine baghdir.

Cogunlukla, liflerin yapisini teskil eden polimerler
yalitkan oldugundan EMSE degerleri {izerine
dogrudan bir etki yapmamaktadir, fakat katkilanan
maddenin iletkenlik seviyesini etkilemek suretiyle
dolayli bir etki yapmasi séz konusu olabilir.
Katkilanan nanopartikiillerin matriks malzeme
icinde dagilimi ise, islem sartlarina, polimer
matriksin yiizey gerilimine, kristallesme diizeyine,
polarizasyonuna ve molekiil agirligina bagh
olmaktadir [25]. Yapay liflere nanopartikiil
katkilamada 6nemli kisitlardan birisi katki oraninin
artmasiyla lifin fiziksel 6zelliklerinin ve tretim
kalitesinin olumsuz etkilenmesidir. Bu durum
calismada gerceklestirilen lif iiretimi sirasinda
gozlemlenmistir. Katki oranmin arttirilmasiyla
katkilanan maddeden beklenen etkinin de artmasi
dogal olarak beklenir, fakat katkilama oranini
artirma seviyesi katkilanan nanopartikiiller ile
polimer matriks arasinda zayif baglar olmasi
nedeniyle sinirlanmaktadir. Bundan dolayi, lif
¢ekim siirecinde problemler artmakta ve katkilama
orant arttik¢a lifin mekanik oOzellikleri negatif
yonde etkilenmektedir.
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Tiim Orneklerin EMSE Grafikleri
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Sekil 9. Olgiilen tiim drneklere ait EMSE grafiklerinin karsilastirilmasi

Bu nedenle, ¢aligma kapsaminda gergeklestirilen lif
cekimi siirecinde, baslangic olarak daha yiliksek NP
katk: oranlar1 uygulanmis olsa da, standart iiretim
sireglerinde uygulanan 275 °C’de ve basing
degerlerinde saglikli lif ¢ekimi yapilamadigindan
katkilama oranlart azaltilmigtir. Ciinki yapilan
degisik sicaklik ve basing degerleri ile ¢ok sayida
deneme yapilmasina kargin diizelerde saglikli ve
diizgin filament akist elde edilememistir.
Elektromanyetik girisim testine tabi tutulan tiim
orneklere ait EMSE degerleri karsilagtirmali olarak
Cizelge 9’da grafik halinde sunulmustur. Sonuglar
analiz edildiginde; genel olarak katkilanmis
numunelerin EMSE degerlerinde kontrol kumasa
gore anlamli bir artis olmadigt sdylenebilir.
Yalnizca 9,64-10,23 GHz Araliginda 3 ve 1 nolu
orneklerin EMSE performansi tizerinde ¢ok kiigiik
bir olumlu etki yaptigi goézlenmektedir. Bu
sonucun, liflere katkilanan Ti NP miktarinin EMSE
degerlerini artiracak seviyede olmamasindan
kaynaklandigr  diisiiniilmektedir. Daha etkili
sonuglar elde etmek i¢in NP katki oranimi artirmak
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iizere PA {iretim prosesinde gelistirici ¢aligmalar
yapmak ve/veya PA matriks yerine polyester ya da
polipropilen matriks kullanmak disiiniilebilir.
Nanopartikiill miktarinin ve dagilimmin yeterli
diizeyde olmamasi iletkenligi ve elektromanyetik
dalgalar ile girisim yaratma potansiyelini
azaltmaktadir.

3.5. Optik Ol¢iim Sonuclarmin Analizi

3.5.1. Optik Geg¢irgenlik Analizi

Dokuma kumas orneklerine ait optik gegirgenlik
grafikleri, Sekil 10°da sunulmustur. Bu grafikte,
katkilanan Ti NP oranindaki artisgin  optik
gecirgenlikte bir azalmaya neden oldugu agik¢a
goriilmektedir. ~ Tim orneklere ait grafikler,
dalgaboyu yiikseldikge optik gecirgenlikte de artis
egilimi oldugunu gostermektedir. Sonug olarak; PA
6 filament liflerine Ti NP katkilama, liflerin ve bu
liflerden iiretilen kumaglarin optik gecirgenlik
Ozelligini azaltma yoniinde etki gostermis,
dalgaboyu yiikseldik¢e s6z konusu etki seviyesinde
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artis egilimi belirlenmistir. Ti NP orani arttikca
ozellikle 90,10 ve %0,15 seviyesinde diisiik
dalgaboylarinda  (400-450 nm)  gecirgenlik
etkinliginin daha biiylik artislar  gosterdigi
anlagilmaktadir. Bu etki ¢ok daha diisiik de olsa
900-100 nm  dalgaboyu  araliginda da
gozlenmektedir.

Ti Katlkili Kumas Orneklerinin Optik Gegirgenlik (%) Grafikleri
1,00
0,90
0,80 +
0,70
0,60 —+
0,550 -
0,40 —+

Kontrol

—_—1

Optik gegirgenlik (%)

N,

0.30 2
0,20 +
0,10
0,00 +
200 400 600 800 1000 1200
Dalgaboyu (nm)

Sekil 10. Kumas orneklerine ait optik (UV-VIS-
IR) gecirgenlik grafikleri
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Sekil 11. Ti NP katkilama oran1 ile
gecirgenlik degeri arasindaki iligki

optik

Ti NP katki miktarina bagli olarak kumasg
numunelerinin optik gecirgenlik seviyesindeki
degisimi analiz etmek ve ¢aligmada kullanilan katki
oranlarindan farkli degerlerden yola ¢ikarak optik
gecirgenlik tahmini yapabilmek icin, Sekil 10°da
sunulan veriler yardimiyla Sekil 11°deki grafik
cizilmis, iki degisken arasindaki iliskiyi gosteren
regresyon modeli sunulmustur. Optik gegirgenlik
degerleri tim dalgaboylarina ait degerlerin
ortalamasi alinarak hesaplanmigtir. Sekil 11°deki
grafik Ti NP katki oranindaki artis ile optik
gecirgenlik degeri arasinda negatif dogrusal bir
iliski oldugunu gostermektedir. Grafikte sunulan
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regresyon esitliginin ileride yapilacak ¢aligmalarda
katki oranindan yola c¢ikarak optik gegirgenlik
seviyesinin tahmin edilmesinde faydali olmasi
beklenmektedir.

15%
10% A\

6
” \\
o% . :

D1 \ D2 D3

5%

10%
o N\ o
-15%
20% \

-25%

Fark

-30%
Sekil 12. Ti NP katkilanmig 6rneklerin optik

gecirgenlik degerlerinin kontrol
kumasinkinden farklari

Sekil 12’de sunulan grafik, Ti katkilanmis kumas
orneklerinin optik gegirgenlik degerlerinin kontrol
kumasinkinden farklarimi gostermektedir. Ti NP
katk1 oraninin artmasiyla optik gegirgenlik
seviyesinde dogrusal olarak azalma oldugu
goriilmektedir. En diisiik optik gegirgenlik degerini
Ti NP katki oram1 % 0,15 olan 3 kodlu 6rnek
saglamig ve bu ornekte kontrol kumasina gore %
24°1iik bir azalma gerceklesmistir.

Kristal yapiya sahip polimer malzemelerin 151k
gegirgenlik  seviyesi, malzemenin boyutuna,
sekline, yerlesim diizenine, esyonsiizliigiine ve
yapisindaki kristalitlerin diizenine bagli olmaktadir.
Isik gecirgenlik diizeyinin, 1518 sagilmasi ve
filtrelenmesine bagli olarak Ol¢iilmesi, polimer
malzemenin yapisal karakterizasyonunu
saglamaktadir [26]. Bundan dolayi, kontrol kumasg
orneginin sagladigi optik koruma seviyesinin,
kumast olusturan liflerin yapisindaki kristal
bdlgelerin bir sonucu oldugu sdylenebilir.

3.5.2. Optik Sogurma Analizi

Sekil 13’teki grafik tiim kumas Srneklerinin optik
sogurma (absorbsiyon) degerlerinin dalgaboyuna
gore degisimini gostermektedir.  Grafikte, tim
orneklere ait sogurma degerlerinin  disiik
dalgaboylarinda en yiiksek seviyede iken,
dalgaboyu arttik¢a baslangicta hizli sonra gittikge
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yavaslayan bir egimle azalmaktadir. Genel olarak,
Ti NP katki oraninin artmasinin, optik sogurma
degerini artirma yoniinde etki etmektedir. Ti NP
katki orani en yiiksek olan 3 kodlu numune en
yiiksek sogurma degerini saglamistir.

Ti Katkih Kumas Orneklerinin Optik Absrorpsiyon (a.u.) Grafikleri
29

Kontrol

—1

Absorbsiyon (a.u.)
NN
- N ow B

200 400 600 800 1000 1200
Dalgaboyu {nm})

Sekil 13. Kumasg orneklerinin optik (UV-VIS-IR)
sogurma degerlerinin degisimi

Ti NP katki oraninin optik sogurma ile iliskisini
ortaya koymak ve farkli katki miktarlari i¢in optik
sogurma degerlerini tahmin edebilmek amaciyla
Sekil 14’teki grafik ¢izilmistir. Grafikteki sogurma
degerleri tim dalgaboylarma ait degerlerin
ortalamasi alinarak hesaplanmistir. Grafik, Ti NP
katk: orani ile sogurma degerleri arasinda pozitif
dogrusal bir iligki oldugunu gostermektedir.
Tahminlemede  kullanilabilecegi  diisiiniilerek,
regresyon esitligi de grafikte verilmistir. Veriler, %
0,05 oraninda Ti NP katkisinin kontrol kumasa
nazaran sogurma izerinde neredeyse hi¢ etki
yapmadigini, fakat %0,10 ve % 0,15 katkilama
oranlarinin sogurma degeri lizerinde belirgin oranda
pozitif etki yaptigini gdstermektedir.
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Sekil 14. Ti nanopartikiil katki orani ile optik
absorpsiyon degerleri arasindaki iligki
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Sekil 15°deki grafik, Ti NP katkilanmis kumas
orneklerinin kontrol Ornegine nazaran sogurma
degerlerindeki farklarin1 gostermektedir. Grafikten,
Ti NP katkilama miktarinin artmasiyla sogurma
degerlerinde  dogrusal  bir  artis  oldugu
anlasilmaktadir. Veriler, kiitlece % 0,15 Ti NP
katkis1 ile optik sogurma degerinde kontrol
kumasina gore %4,8’lik bir artis saglandigini
gostermistir.
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=
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w /
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D1 D2 D3

Sekil 15. Ti NP katkilanmis 6rneklere ait sogurma
degerlerinin  kontrol kumagma gore
farklart

4. SONUC

Giiniimiizde, tekstil iriinlerine elektromanyetik
girisimden koruma, yiiksek mukavemet, 1s1
yalitimi, antibakteriyel ozellik, iletkenlik vb.
islevsel ozellikler kazandirmak ve bu ozellikleri
gelistirmek, tekstil malzemelerinin kendine 6zgii
yapis1 nedeniyle, cok calisilan konular arasindadir.
Bu kapsamda, yapay lif ¢ekimi esnasinda, polimer
eriyigi ya da ¢ozeltisi igerisine ¢esitli oranlarda NP
katkilanmas1 yontemi siklikla kullanilmaktadir. Bu
yontem nanoteknoloji biliminin tekstil alanindaki
baslica uygulamalarindan biridir. Bu ¢alisma
kapsaminda, %100 metal Ti nanopartikiillerin lif
¢ekimi sirasinda PA 6 filamentleri igerisine
katkilanmasinin bu lifler ve ipliklerden dokunmus
kumaslarin mekanik 6zellikleri ile kumasin
elektromanyetik ve optik koruma &zellikleri
lizerindeki etkisi aragtirilmustir. Ipliklere uygulanan
fiziksel testler, Ti NP katkisinin iplik &rneklerinin

mukavemet/uzama degerlerini olumlu ydnde
etkiledigini gostermistir. Kumas Orneklerine
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uygulanan fiziksel testler ise, en yliksek mukavemet
degerini kontrol kumasi saglasa da, NP katki
oranindaki artisin kumas mukavemetini diisik
seviyede pozitif yonde etkiledigini gostermistir.
%0,05 ve %0,15 oranindaki diisiikk seviyelerde Ti
NP katkilama, PA6 filament iplik Orneklerinin
mukavemet/uzama 6zellikleri lizerinde olumlu etki
yapmigtir. NP katki oranindaki artis kumas
mukavemetinde az da olsa artis saglamistir. Kontrol
ipliginin mukavemeti, NP katkili ipliklerin
mukavemetinden daha diisik olmasina ragmen,
kontrol ipligi ile (atkida) dokunan kontrol kumagin
digerlerine gore daha yiiksek mukavemet sagladigi
goriilmistiir. Bunun, atki atma ve yerlestirilmesi
esnasinda kontrol ipliginin diger ipliklere gore
farkli davranmasindan (kumas geometrisi) ve metal
Ti NP katkilamanin ipliklerin kesme kuvvetlerine
karst direncini diigiirmesinden kaynaklandigi
diisiiniilmektedir. Iplik ve kumas uzama degerleri
icin de ayn1 durum gozlenmistir. Ote yandan, SEM
gorlintiilerinden, kumas ve lifler iizerinde
oligomerizasyonun olmadigi ve Ti NP’lerin diizgiin
dagilim gosterdigi anlasilmistir. Nihayet, Ti NP
katkilamanin PA 6 filament iplik ve bu ipliklerden
dokunmus kumas 6rneklerinin mekanik 6zellikleri
iizerinde disiik diizeyde anlamli bir etkisinin
oldugu sonucuna vartlmigtir. EMI 6l¢iim verilerinin
analizi; calismada uygulanan oranlarda Ti NP
katkilamanin, kumaslarin EMSE degerlerinde
kontrol kumasa nazaran anlamli iyilesme
saglamadigint  gostermistir. PA 6 lif ¢ekimi
esnasinda daha yiiksek oranda NP katkisi, tiretim ve
kalite problemlerine neden olmustur. leride
katkilama  oranlarinin  artirilmasmna  ydnelik
calismalar yapilmasi Onerilebilir.  Optik Ol¢iim
sonuglar1 analiz edildiginde ise uygulanan Ti
katkilama, kumasm optik gegirgenligi iizerinde
negatif yonde etki yapmuis, dalgaboyu biiyiidiik¢e bu
etki artig egilimi gostermistir. Ti NP katkisi, optik
sogurma degeri Tlizerinde pozitif yonde etki
gostermis ve en yiiksek sogurma degeri, Ti katkis1
en yuksek olan 3 kodlu numune ile elde edilmistir.
%0,15 Ti NP katkisi, kontrol kumasa gore
kumaslarin  optik gecirgenligini %24, optik
sogurma diizeyini ise %5 artirmigtir.
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Abstract

In this study, it is aimed to investigate the strength performance of slag-based geopolymer mortar with
different percentages of silica fume and colemanite waste by mixing Na.SiOs and NaOH as the alkaline
activator for the geopolymerization reaction, and cured at room temperature were prepared, in terms of
compressive strength, flexural strength, ultrasonic pulse velocity and freeze-thaw resistance parameters.
Five different mixtures were prepared by using different amounts of silica fume and colemanite waste by
using the same amount of ground granulated blast furnace slag, sand and 8M sodium hydroxide for these
five mixtures. The mixture, including a paste proportion of 20% slag, 40% colemanite waste, and 40%
silica fume, was used as a control mix. The maximum compressive strength (21.24 MPa, 38.32 MPa)
flexural strength (5.86 MPa, 6.98), weight loss caused by freeze-thaw effect (0.56%) and ultrasonic pulse
wave test (3082 m/s) results were noted as for 7th and 28th day, respectively. After -60 cycles [1 cycle
consists of (-18 °C) for 90 minutes and (+4 °C) for 30 minutes], the maximum compressive and flexural
strength was observed as (40.18 MPa and 4.92 MPa, respectively). The results indicated that the strength
results were consistently increased as silica fume increased. The addition of a certain amount of silica fume
gave promising results both in terms of the strength and durability aspects. Overall, according to this
experimental study, the utilization of 30% colemanite waste and 50% silica fume can be recommended so
as to balance both sustainability and engineering aspects.

Keywords: Compressive strength, Geopolymer, Freeze-thaw, Colemanite waste, Silica fume

Farkl Miktarlarda Kolemanit Atig1 ve Silika Dumam Iceren Ciiruf Esash
Geopolimer Kompozitlerin Farkhh Maruz Kalma Kosullarinda Dayanimlarinin
Incelenmesi

Oz

Bu calismada, Geopolimerizasyon reaksiyonu i¢in alkali aktivatdr olarak Na.SiOs ve NaOH karistirilarak
oda sicakliginda kiirlenen, farkli yilizdelerde silis dumani ve kolemanit atigi igeren ciiruf bazli geopolimer
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Strength Investigation of Slag-Based Geopolymer Composites Incorporating Different Amounts of Colemanite Waste
and Silica Fume Under Different Exposure Conditions

harcinin mukavemet performansinin arastirilmasi amaglanmaktadir. Basing dayanimi, egilme dayanimi,
ultrasonik hizi1 ve donma-¢oziilme direnci parametreleri acisindan. Bu bes karisim i¢in ayni miktarda
ogitiilmiis graniil yiiksek firin clirufu, kum ve 8M sodyum hidroksit kullanilarak farkli miktarlarda silis
dumani ve kolemanit atig1 kullanilarak bes farkli karisim hazirlanmigtir. Macun oraninda %20 ciiruf, %40
kolemanit atig1 ve %40 silis dumani i¢eren karigim, kontrol karigimi olarak kullanildi. Maksimum basing
dayanimi (21,24 MPa, 38,32 MPa), egilme dayanimi (5,86 MPa, 6,98), donma-¢oziilme etkisinden
kaynaklanan agirlik kaybi (%0,56) ve ultrasonik hiz testi (3082 m/s) sonuglari ise 7. ve 7. siralarda
kaydedildi. Sirastyla 28. giin. -60 dongiiden sonra [1 dongii 90 dakika siireyle (-18 °C) ve 30 dakika siireyle
(+4 °C) olusur] maksimum basing ve egilme dayanimi (sirasiyla 40,18 MPa ve 4,92 MPa) olarak
gozlemlendi. Sonuglar, silika dumani arttikga mukavemet sonuglarinin tutarli bir gekilde arttigini gosterdi.
Belli bir miktar silis dumaninin ilavesi hem mukavemet hem de dayaniklilik agisindan {imit verici sonuglar
vermistir. Genel olarak, bu deneysel ¢calismaya gore, hem siirdiiriilebilirlik hem de miihendislik yonlerini

dengelemek amaciyla %30 kolemanit atig1 ve %50 silis dumani kullanimi dnerilebilir.

Anahtar Kelimeler: Basing dayanimi, Geopolimer, Donma-¢dziilme, Kolemanit atig1, Silis dumant

1. INTRODUCTION

The modern construction industry majorly relies on
ordinary Portland cement to develop every
infrastructure. Portland cement is highly criticized
for its massive amount of poisonous substances,
hazarding natural ecosystems, and its contribution
to global warming. Carbon dioxide (CO2) is one of
the significant substances in this worry; CO2
emissions from the cement industry only constitute
nearly 6%—7% of total CO2 outflows around the
globe [1]. Another concern is that the cement sector
is considered unsustainable and energy-intensive

(2].

Ordinary Portland Cement consists of calcium
carbonate (limestone) calcination at very high
temperatures of about 1450-1500 °C, and silico-
aluminous material. This means that the production
of every 1 metric tonne of cement generates 1
metric tonne of CO2 [3]. As a result of this, the
more consumption of cement, the more contribution
to the devastation of the ecosystem and atmosphere.
The cement industry is one of the biggest causes of
atmospheric pollution amongst the industries.

As a result of this situation, the current trend is that
cement production and utilization to be transformed
to a more sustainable and eco-friendly in practice.
In this regard, to mitigate the negative impacts of
clinker production in conventional construction
practices, several scholars made a significant effort
to minimize the environmental footprint of
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conventional cement by introducing eco-friendly
alternative materials, such as geopolymer, in the
current construction sector [4].

The main benefit of geopolymer cement is that it
reduces carbon dioxide emissions since the
chemical process emits zero carbon dioxide,
consuming fuel much less. As a result of this,
carbon dioxide emissions are decreased by 80%—
90%. It also contributes to the reuse of industrial
wastes (fly ash, ground granulated blast furnace
slag, silica fume, etc.) and diminishes global
warming.

Nowadays, fly ash, metakaolin, ground granulated
blast furnace slag (GGBS), silica fume (SF), and
others are regarded as the most widely utilized
pozzolanic materials in the cement industry [5].
Generally, these materials are large enough to
combine with Portland cement or (with) each other
forming a sustainable binder to produce a mortar
and concrete. GGBS, which is classified among
supplementary cementitious materials utilized in
geopolymer development, primarily constitutes
lime, silica, alumina, and magnesia [6]. Studies
showed that the combination of slag with low
calcium pozzolanas could significantly improve the
setting and hardening time of the geopolymer
matrix at standard conditions. Apart from this, it has
avaluable impact on the resulting matrix’s short and
long-term strength parameters. Susan et. al. [7]
stated that the availability of calcium compounds,
which are dominantly found in slag, speeds up the
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geopolymerization process. Davidovits [8], in his
study, demonstrated that the combination of slag
with metakaolin produces composites possessing
excellent engineering and durability properties.

Rostami and Behfarnia [9] examined the influence
of replacing slag with SF on compressive
performance and permeability of alkali-activated
slag under water-curing conditions. The outcomes
indicated that the inclusion of SF has enhanced the
compressive strength and reduced the permeability
of the resulting concrete matrix. As a result, the
existence of SF positively contributes to the
mechanical and durability characteristics of alkali-
activated slag.

Francis et. al. [10] analyzed the effect of SF on the
durability aspect of fly ash-based geopolymer
concrete. The results showed that the specimens
containing SF were found to be highly resistant to
the harsh (sulfate and chloride attack) environment
compared to the samples without SF. Also, Okoye
et. al. [11] revealed the direct relationship between
compressive strength and SF content in the
geopolymer concrete. The possible reasons for
improving mechanical strength and durability
characteristics of geopolymer concrete
incorporating silica fume could be attributed to
enhanced geo-polymerization, reduction in pore
diameter, and permeability of acid solution in the
concrete matrix.

Boron is among Turkey’s most widely available
resources, estimated at around 60% of the global
boron reserves. Colemanite, tincal, and ulexite are
widely marketed forms of boron ores in the country
[12]. The term “colemanite” is used when the basic
form of boron compounds (B203 and H2BO3) is
found with calcium, whereas with calcium-sodium,
it is named “ulexite” [13]. Several studies have
examined the effect of boron waste inclusion on the
different properties of mortar and concrete matrices.
Abali et. al. [14] investigated the effect of tincal
waste in combination with other materials such as
fly ash, volcanic tuff, and bentonite. The results
showed that the compressive strength of the
specimens reduced with the increase of tincal waste
content. Also, Elbeyli [15] has reported the same
result whilst hiring borax wastes.
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On the other hand, Samir Ushah El-Kameesy et. al.
[16] developed material as nuclear radiation
protection using boron and rubber. The boron
addition has improved the shielding effect of the
resulting matrix. It is essential to consider that the
concrete hired in the nuclear application must also
possess desirable structural and mechanical
properties. Therefore, the utilization of CW in the
cement industry has dual advantages in terms of
environmental  protection and  engineering
application. However, only a limited number of
studies have addressed the effect of this material on
geopolymeric products.

SF is a material consisting of very fine spherical
particles, containing a high percentage of
amorphous silica; it is obtained from the
decomposition of high purity quartz containing coal
in electric arc furnaces in the production of silicon
and ferrosilicon alloys.

SF displays an excellent pozzolanic material feature
because of its high amount of SiO2 content and its
very fine amorphous structure. It is mostly a grey
coloured nano-sized powder. SF grains fill the
spaces between large cement granules, enhancing
granulometry and generating a denser structure.

SF is known that strengthen the bonding at the
aggregate interface of the cement matrix, fill the
spaces in the concrete microstructure, create a more
composite and denser structure with high
composite, increase the compressive and tensile
strengths, prevent the formation of bleeding and
plastic shrinkage, reduces permeability, strengthens
the concrete structure against harmful chemicals.

In this experimental study, the influence of SF and
CW on the various properties of slag-based
geopolymer composites was investigated. The
properties of the resulting matrix were assessed
using compressive strength, flexural strength,
freeze-thaw, and the magnitude of ultrasonic pulse
velocity (UPV) results of the composites.

Similarly, the previous studies in the literature
increasing silica fume affects geopolymer
positively. So, this study supports the other studies
in this regard.

843



Strength Investigation of Slag-Based Geopolymer Composites Incorporating Different Amounts of Colemanite Waste

and Silica Fume Under Different Exposure Conditions

2. MATERIALS AND METHODS
2.1. Materials

GGBS was obtained from Bolu Cement Company
situated in Turkey, and colemanite was provided
from Eti Mine Bigadic Boron Works located in
Turkey. The specific gravities of GGBS and CW
were evaluated as 2.91 g/cm3 and 2.42 g/cm3,
respectively. The chemical composition of GGBS
was SiO02: 41%, CaO: 36%, Al203: 13%, and
MgO: 5.8%. These oxides only constitute
approximately 95% of the total makeup of the
GGBS used. The total of remaining compounds
such as Fe203, TiO2, K20, Na20, and loss on
ignition contributes only 5%. In the case of CW,
B203, LOI, CaO, and SiO2 hold around 97% of the
total composition, i.e. 40, 25, 27, and 5%,
respectively. The oxides such as MgO, Fe203,
AI203, and Na20O share only the aggregate
proportion of 3%. The SF used in this study contains
more than 91% of SiO2. The proportion of MgO,
K20, LOI, AI203, Fe203, Ca0, and Na20 were
4.1%, 2.6%, 1.7%, 0.38%, 0.15%, 0.32%, and
0.55%, respectively. SF was collected from Eti
Antalya Electrometallurgy Inc. (Kepez-
Antalya/Turkey), having a specific gravity of 2.20
g/cm3.

In the study, Rilem sand complying with the BS EN
196-1 [17] and Rilem Cembureau standards were
utilized. The NaOH with the concentration of 8M
and Na203 with a molar ratio (Si02/Na20) of 3.29
was used as alkaline activators.

2.2. Experimental Procedure

The details of mixtures experimented in this study
is given in Table 1 and Figure 2, Respectively. Due
to the lack of standard codes to prepare geopolymer
mortar, previous works of literature are used as a

Table 1. Details of mixtures used

code of reference in the mixing process. The
incorporation of SF and CW was considered a
partial substitution with GGBS to prepare five mix
designs as listed in Table 1. For all mixes, the
GGBS ratio was adjusted to 20% of the total binder
content. However, the different proportions of CW
(Figure 1a) and SF (Figure 1b) were added to each
independent mix design to determine the most
appropriate proportion of the variable ingredients.
In the beginning, SF and CW were mixed with
alkaline solutions, and then 160 g GGBS was added
to the mixing pan. Afterward, the prepared paste
was mixed with sand to produce geopolymer
mortar. The mortar was cast into oiled moulds with
lubricating oil, and cured at room temperature until
an intended date of the tests.

A compressive strength test was conducted after the
7th and 28th days using the (50x50x50) mm cubes;
the procedure was done according to ASTM C 109
[18]. A flexural strength test was performed on
40x40x160 mm prismatic specimens after 7 and 28
days of curing period according to ASTM C 348
[19] standard procedure. Each series of mixes were
checked for freeze-thaw cycles; they have been
exposed to freeze-thaw cycles for a total of 60. The
freezing and thawing period was done per cycle,
with the temperature fluctuating between —18 °C for
90 minutes to 4 °C for 30 minutes. Also, ultrasonic
pulse velocity tests were conducted in order to
inspect the homogeneity of the manufactures
matrix, the existence of possible cracks and defects.
In this investigation, ultrasonic pulse velocity test
was carried out for the manufactured samples to
evaluate the performance of the matrix with the
studied parameters and the investigated categories.
After freezing-thaw exposure, the specimens were
removed from the testing machine. The freezing-
thaw effect on mortar specimens was investigated,
and compressive strength, flexural strength, UPV,
and weight loss were noted.

Mix ID SF (gr) CW (gr) | GGBS (gr) | SAND (gr) | SS (gr) SH (8 M)
20S40C40SF (Control) 320 320 160 2400 270 90
20S45C35SF 280 360 160 2400 270 90
20S35C45SF 360 280 160 2400 270 90
20S50C30SF 280 400 160 2400 270 90
20S30C50SF 400 280 160 2400 270 90

*SF: silica fume, CW: colemanite waste, GGBS: ground granulated blast furnace slag, SAND: Rilem sand, SS: sodium silicate, SH: sodium hydroxide.
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Figure 1. a) Colemanite waste sample, b) Silica
fume sample

Figure 2. Mixing process in the conducted study
3. RESULTS AND DISCUSSIONS

3.1. Compressive Strength

As illustrated in Figure 3, the 7% and 28" days
comparison of the compressive strength results of
the geopolymer mortars produced with the partial
replacement of SF and CW is seen.

Overall, all series of the mixtures gained slightly
more than 50% of their 28 days compressive
strength on the 7" day. The compressive strength of
the mortar samples increased with the increase of
the SF ratio.

The 28-day compressive strength of the mortar
mixture containing an equal proportion of SF and
CW (20S40C40SF) stood at 33.31 MPa, around
47% higher than its 7-day compressive strength.
This result dropped by around 4.77% with the
application of 45% CW and 35% SF. However, the
compressive strength of 20S35C45SF (35% CW
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and 45% SF) rose to 36.27 MPa, increased by
approximately 9% compared to specimens
produced using an equal share of CW and SF.

For the following mixture forms 20S50C30SF and
20S30C50SF, the 28-day compressive strength
values were found as 28.65 MPa and 38.32 MPa,
respectively. The maximum strength value was
monitored in the mixture 20S30C50SF among the
whole five mixtures. In contrast to this, the addition
of 50% CW and 30% SF recorded the lowest
strength result in comparison to the rest. However,
the value obtained was still acceptable for use in the
practical construction sector.

The further substitution of CW may negatively
affect the compressive strength of the resulting
specimen. As a result, the partial replacement of
CW should be limited to a certain amount.
According to this study, CW addition of up to 35%
of the total binder ratio resulted in a better
compressive strength. On the other hand, adding SF
content up to 50% (maximum SF used in this study)
positively contributed to the strength development
throughout the mixes produced. These results are
consistent with the studies conducted by Mucteba
et. al. [20] and Ertugrul Erdogmus [21].

— 38,32
J— 36,27

33,31
30 31,72

28,63

21,24
19,61

15 { 17,52 1683
14,72

COMPRESSIVE STRENGTH (MPA)

20S40C40SF 20845C33SF 20835C43SF

MIX ID
07 Days 028 Days

20S50C30SF 20S30C50SF

Figure 3. Compressive strength results of the
mixtures at the 7 and 28" days

3.2. Flexural Strength
As illustrated in Figure 4, the 7-day and 28-day

flexural strength results followed the same pattern
as the compressive strength results.
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In the beginning, the 7-day and 28-day flexural
strength results of the mortar specimens prepared by
adding an equal amount of SF and CW into slag
(20S40C40SF) were recorded at 4.74 and 6.26
MPa, respectively. These values reduced by around
22.6% and 23% as the proportion of CW increased
to 45% and SF decreased to 35% of the total paste
content, where the slag ratio remained constant. In
the third series of the mixture (20S35C45SF),
where SF was 45%, and CW 35%, the 7-day and 28-
day flexural strength rose to 5.63 and 6.58 MPa,
respectively, which is approximately 18.8 and 5.1%
higher than the flexural strength of specimens
manufactured from a one-to-one ratio of SF and CW
(20S40C40SF). According to this experimental
study, the mortar specimens containing the highest
percentage (50% of the total paste content) of CW
reached the maximum reduction in flexural
strength. However, the samples with the higher SF
content (50%) gave the highest strength results.

Generally, the flexural strength rose consistently as
the proportion of SF increased. In contrast, the
strength decreased continuously as the percentage
substitution of SF with CW increased. It was also
observed that the specimens with a higher amount
of SF could achieve more than 83% of their 28 days
flexural strength in 7 days.

6,26
5,63

© - B W & L oo u

FLEXURAL STRENGTH (MPA)

20S40C40SF 20845C35SF 20S35C45SF
MIX ID

07 days 028 days
Figure 4. Flexural strength results at the 7th and
the 28th days

20S50C30SF 20S30C50SF

3.3. Ultrasonic Pulse Velocity (UPV)

UPV test is a non-destructive test used to assess the
homogeneity of the matrix and the dynamics in the
structure of the mortar or concrete products. An
ultrasonic pulse velocity test was carried out in this
study, and the results are displayed in Figure 5.
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According to Mouhcine et al. [22], the UPV test is
illustrated as an appropriate method to determine
qualitative properties of the concrete, such as the
existence of defects, uniformity, and homogeneity
of the matrix.

As observed from Figure 5, the increase in silica
fume content caused a continuous rise in ultrasonic
pulse velocity. For instance, the velocity of a mortar
sample prepared from 50% SF content gave 2964
m/s, which is around 5.48% and 8.3% higher than
the samples produced by adding 40% and 35% SF
content, respectively. On the other hand, the results
of the specimens with a higher amount of CW
experienced a similar trend to that of compressive
and flexural strength results. The samples with 50%
CW resulted in the lowest ultrasonic pulse velocity,
whereas those with 35% CW gave the highest
velocity.

2946 |
20830C50SF e

2639
2408

2875 |
2631 |

20S50C30SF

MIX ID

20S35C45SF

2721 |
2465 |

20845C35SF

2793 |
2542 |

20S40C40SF

0 500 1000 1500 2000 2500 3000
028 days 07 days

ULTRASONIC PULSE VELOCITY (M/S)
Figure 5. Ultrasonic pulse velocity test results at
the 7th and 28th days

3.4. Freeze-Thaw Resistance

The impact of freezing-thawing on the geopolymer
mortar mixtures was investigated in terms of
Compressive strength, flexural strength, weight
loss, and UPV. In Table 2, the quantitative details
of all the parameters (compressive strength, flexural
strength, UPV and weight loss) were given.

As shown in Table 2, both compressive strength and
UPV results arose after being subjected to freeze-
thaw cycles. On top of these, the specimen’s weight
was also increased after exposure to the freezing-
thaw cycle. This can be attributed to the
development of dense and compact structures due
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to exposure to iterative freeze and thaw cycles.
Therefore, water could not penetrate the mortar
matrix easily. Also, it can be justified as the
continuation of the geopolymerization process due
to the surrounding environment, which enhanced
the  geopolymer  matrix’s  microstructural
characteristics. This result is in line with the study

Metin MEHMETOGLU

by Yunsheng et. al. [23]. On the other hand, the
flexural strength of mortar samples saw a reduction
after being subjected to freeze-thaw cycles. Based
on the experimental results and analysis, the
addition of SF and CW into slag-based geopolymer
mortar exhibits excellent resistance to freeze-thaw
cycles.

Table 2. The results before and after the freeze-thaw test

Compre(sl\s/;;z)s trength Flexural strength (MPa) UPV (m/s) Weight loss
Mix ID Before After Before After Before After (Vo)
20S40C40SF 33.31 36.65 6.26 431 2793 2875 0.34
20S45C35SF 31.72 3493 4.82 3.45 2721 2814 0.49
20S35C45SF 36.27 38.79 6.58 4.59 2875 2956 0.27
20S50C30SF 28.65 31.45 4.11 2.85 2639 2743 0.56
20S30C50SF 38.32 40.18 6.98 4.92 2946 3082 0.19

3.5. Correlation Between Some Properties of the
Resulting Matrix

To assess the consistency between the properties of
the samples, the correlation relationship between
‘compressive strength vs. UPV’ and ‘compressive
strength vs. flexural strength’ was carried out by
using Linear Regression Analysis with Microsoft
Office Excel program. The coefficient of
correlation (R2), which represents the degree of

correlation, between the ‘compressive strength vs.
UPV’ and ‘compressive strength vs. flexural
strength’ were calculated as 0.9956 (99.5%) and
0.9095 (90.9%), respectively (strong positive
relationship) which is significantly higher than the
expected minimum correlation factor of 75% as can
be seen from Figures 6 and 7. According to these
values, it can be stated that the Linear Regression
Analysis showed a satisfactory relation between the
investigated parameters. cycles.
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Figure 6. Linear regression analysis between UPV and compressive strength (28-day results)
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Figure 7. Linear regression analysis between compressive strength and flexural strength (28-day results)

4. CONCLUSION

The impact of the various proportions of SF and
CW in slag-based geopolymer mortar on strength
properties and freeze-thaw resistance were
investigated, and the results were discussed. The
geopolymer mortar containing higher SF gives
better compressive strength, flexural strength and
UPYV results comparing to the specimens produced
using a higher proportion of CW. In general, these
values increased with the increase of SF content.
According to this research, 50% inclusion of SF
recorded the highest strength results, and the
correlation relationship is satisfactory among
different properties of the resulting mortar samples.
However, to maintain sustainability and reduce the
possible upcoming pressure on a single source of
materials, the diversified use of materials should be
practised without compromising core
environmental and engineering  properties.
Therefore, the inclusion of a certain amount of CW
must be practised since it does not cause a
significant reduction in the overall strength of the
resulting samples.

In conclusion, geopolymer concrete might be
considered an eco-friendly, innovative,
groundbreaking alternative as a material to
traditional Portland cement concrete. In the future,
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by using geopolymer, the detrimental effects of the
cement industry on the environment and
atmosphere can be minimised, and the reusing of
the industrial wastes can be increased. However,
further investigations are required so as to decide if
geopolymer can be replaced with Portland cement.
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Oz

Bu ¢alismada, 3 boyutlu baski (3D printing) kullanilarak iiretilen farkli kenar genisliklerine sahip yiizey
merkezli kilbik YMK yapili numunelerin basma dayanimi iizerindeki etkisi incelenmistir. PLA malzemesi
kullanilarak Eriyik Yigma Modellemesi (EYM) yontemi ile numuneler iretilmistir. Kenar genisligi
arttikga, maksimum basma yiiklerinde ve basma dayanimlarinda artiglar gézlenmistir. En diisiik yik 1,2
mm kenar genisliginde 2849 N iken, en yiiksek yiik 2,4 mm kenar genisliginde 6351 N olarak 6l¢iilmiistiir.
Benzer sekilde, en diisiik basma gerilimi 34,76 MPa ile 1,2 mm kenar genisliginde, en yiiksek basma
gerilimi ise 40,15 MPa ile 2,4 mm kenar genisliginde kaydedilmistir. Kenar genigliginin artmastyla birlikte
maksimum yiik/kiitle degeri %33,1 oraninda artig gostermistir. Sonuglar, 3D baski {iretiminde kenar
genisliginin tasarim faktorii olarak Onemini vurgularken, daha genis kenar genisliklerinin iiriinlerin
mekanik dayanikliligini artirabilecegini ve uygulama gereksinimlerine uygunlugunu saglayabilecegini
gostermistir.

Anahtar Kelimeler: Eriyik yigma modelleme, Basma dayanimi, Yiizey merkezli kiibik kafes, Kenar
genisligi

Investigation of the Effect of Edge Width on Compressive Strength of FCC
Structured Specimens Produced with FDM

Abstract

In this study, the effect of different edge widths of face-centered cubic (FCC) lattice structures,
manufactured using the Fused Deposition Modeling (FDM) method with PLA material, on compressive
strength was investigated using 3D printing technology. As the edge width increased, an increase in
maximum compressive loads and compressive strengths was observed. The lowest load was measured as
2849 N for the sample with a 1,2 mm edge width, while the highest load was recorded as 6351 N for the
sample with a 2,4 mm edge width. Similarly, the lowest compressive stress was 34,76 MPa for the 1,2 mm
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edge width, and the highest compressive stress was 40,15 MPa for the 2,4 mm edge width. An increase in
edge width led to a 33,1% increase in the maximum load-to-mass ratio. The results emphasize the
significance of edge width as a design parameter in 3D printing production, suggesting that wider edge
widths could enhance the mechanical robustness of products and cater to application-specific requirements.
This study highlights the importance of considering edge width during the design phase, and further
investigations involving various sample designs or material selections could provide deeper insights into

the influence of edge width on compressive strength.

Keywords: Fused deposition modelling, Compressive strength, Face centered cubic lattice, Edge width

1. GIRIS

Eklemeli imalat (EI) yontemi evrensel olarak
savunmadan  havacililk ve wuzay sanayine,
otomotivden biyomedikal sektoriine kadar cesitli
alanlarda kullanilmaktadir. On plana ¢ikan ve genis
bir kesimin ilgi odagi haline gelen 3 boyutlu bask1
teknolojisi ise mevcut ve gelecekteki imalat
stirecini  sekillendirecek onemli bir teknolojik
gelismedir [1-3]. El gesitli teknikler kullanir ve
bunlar arasinda Eriyik Yigma Modellemesi (EYM)
en yaygin kullanilan ve popiiler islemlerden biridir.
EYM islemi ile termoplastik filament malzeme
eritilir ve istenen geometriyi elde etmek igin
hareketli bir nozul ile katman katman birlestirilir.
Ayrica bu ydntemde Polilaktik asit (PLA),
Polipropilen (PP), Akrilonitril biitadien stiren
(ABS), Polikarbonat (PC) gibi farkli polimerik
malzemeler ve kompozitler kullanilabilmekte ve
boylece farkli mukavemet ve termal gereksinimlere
gore yapilar tiretilmektedir[4-7].

Kafes yapilar, yiiksek 0zgiill mukavemet ve
sertlikleri, yliksek darbe direnci ve iyi enerji emme
kapasiteleri  nedeniyle otomobil, havacilik,
denizcilik ve ulusal savunma gibi ¢ok ¢esitli
miihendislik  alanlarinda  6nemli  uygulama
potansiyeline sahiptir [8,9]. Arastirmacilar, yapisal
geometrileri ve mekanik Ozellikleri arasindaki
temel iligkileri ortaya ¢ikarmaya odaklanmiglardir.
Bal petegi, Kagome, sekizli kafes, yiiz merkezli
kiibik (YMK), hacim merkezli kiibik (HMK) ve
benzeri birim hiicrelerin periyodik olarak bir araya
getirilmesiyle bircok kafes yapi insa edilmistir
[10,11]. Son zamanlarda, Ei teknolojisinin hizli
gelisimi, karmagik 3B kafes yapilarin imalatini
onemli Olglide kolaylastirmis ve boylece kafes
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yapilarin ~ benzeri  goriilmemis  Ozelliklerini
kesfetmek icin avantajli bir yaklagim saglamistir.
Gegtigimiz on yil boyunca, mekanik 6zelliklerini
kesfetmek i¢in ¢esitli kafes yapilarin modellenmesi,
iiretilmesi ve test edilmesine yonelik bir ¢cok ¢aba
sarf edilmistir [12-14].

El teknolojisinin hizli gelisimi, kafes yapilar
tizerine yapilan arastirmalara son derece kolaylik ve
hatir1 sayilir bir 6zgiirlik kazandirmistir [15].
Yiksek enerji emme performansi elde etmek igin
birgok yeni ve karmasik kafes yapi tasarlanmis ve
iretilmistir[16]. Cho ve arkadaslar1 [17] dort farklt
kafes yapisi igin gerilme dagilimi ve deformasyon
dagilimi  dogrulanmistir. Calismalarinda YMK
yapisinda yiikin kafes boyunca dagitildig:
goriilmiistiir. Donmez [18] Pla’dan iiretilen basit,
YMK ve elmas kiibik yapilarin basma yikii
altindaki karakterizasyonunu incelemistir. I¢i bos
kafes parametreli elmas kiibik kafes, tek eksenli
sikisgtirma  yiikkleme kosulu altinda en iyi
performans1 gosteren kafes olmustur. Aziz ve
arkadaglar1 [19] ticari olarak temin edilebilen bir
PLA polimerin eklemeli imalat ile {iretilen kafes
yapilarmin mekanik 6zellikleri {izerindeki boyut
durumlart arastirilmaktadir. Hacim merkezli kiibik
numunelerde kenar uzunlugu dort kat artirildiginda
basing dayamimmin yaklastk %18  arttig
gosterilmistir. Bouteldja ve arkdaglar1 [20] YMK,
HMK ve YMK+HMK hafes yapilt Tough-PLA ve
ABS malzemelerinden {iretilmis kafes yapilarin
basma dayanimlarmni Olgmiistiir. Basma
dayanimlart siarlamasi biiylikten kiiciige YMK-
HMK, YMK, HMK seklinde olmustur. Ayrica
Tough-PLA malzemesi ABS’ye gore daha yliksek
dayanim gostermistir. Garcia ve Chua [21]
caligmalarinda esit miktar malzeme kullanarak
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HMK, YMK ve Oktet kafes yapisina sahip 3 dikme
tabanli numuneye basma testi uygulamislardir.
Sonuglar HMK, YMK ve Oktet kafes yapilarinin
sirastyla 11,25 MPa, 8,47 MPa ve 7,44 MPa basing
dayanimina sahip oldugunu gostermistir.

Bu c¢aligmada, Sekil 1'de gosterildigi gibi,
geleneksel YMK kafes yapilarmma dayanarak
gelistirilmis yeni bir yap1 Onerilmistir. Bu yeni
yapidan dort farkli kenar genisligine sahip numune
EYM yontemi ile iiretilerek kenar genisliginin
basma dayanimi lizerene etkileri deneysel olarak
incelenmistir.

2. MATERYAL VE METOD

EYM malzeme c¢esitleri arasinda miihendislik
polimerleri (6rn. naylon ve PETG), termoplastikler
(6rn. PLA ve ABS) ve kompozit malzemeler (6rn.
karbon fiber kompozit ve cam fiber kompozit) yer
almaktadir; bunlarin arasinda PLA, biyolojik olarak
pargalanabilirligi, toksik olmamasi, diisiik camsi
gecis sicakligi, diisik fiyati ve orta diizeyde
esnekligi nedeniyle en yaygin kullanilan
filamenttir. Bu arastirmada, numune iretimi igin
kullanilan malzeme 1,75 mm c¢apinda PLA
filamentidir. Simplfy3D dilimleme yazilimi ve
Creality Ender3 Pro calismada deneysel baskilari
iiretmek i¢in kullanilmistir (Cizelge 1). Kullanilan
PLA malzeme 56 MPa ¢ekme mukavemeti, 2850
MPA elastik modiil, %7 kopma uzamasi ve 14.2
kj/m? ¢entik darbe dayanimina sahiptir.

Cizelge 1. Uretimde kullanilan yazici, dilimleme
programi ve sabit parametreler.

Yazici Creality Ender3 Pro
Dilimleme programi Simplfy3D
Katman yiiksekligi (mm) 0,2
Tabla sicaklig1 (°C) 50
Nozul sicakligi (°C) 200

Kafes yap1 tasarimi igin, arastirma g¢aligmalarinda
en yaygin kullanilan tiirlerden biri olan kiibik yap1
dikkate alinarak incelenmistir. Kafes yap1 tasarimi
icin ' YMK birim hiicre tasarlanmistir. Bu
arastirmada kullanilan birim hiicre ve kafes
yapilarinin  bilgisayar destekli tasarim (CAD)
modelleri  Sekil 1'de sunulmustur. Yazarlar,
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kullanilan birim hiicre tipinden bagimsiz olarak
kenar genigliginin mekanik ozellikler iizerindeki
etkisinin ne oldugunu tespit etmek i¢in 4 farkli
kenar genisli§inde numuneler {iretmislerdir
(Sekil 2). 6 hat iceren 2,4 mm kenar genisligine
sahip numunenin yakindan gorinimi Sekil 3’te
verilmistir.

/90
[ X /
S \j
g KA
N’ A\
2500

Sekil 1. 1,2 mm kenar genisligine sahip bir
numunenin ¢izimi

Sekil 2. EYM yontemi ile iretilen farkli kenar
Y
genisliklerinde YMK kafes yapisina sahip
numuneler

Sekil 3. 6 hat iceren numunenin kenarmin (2,4
mm) yakindan gériiniimii. 1 hat 0,4 mm
genigligindedir
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Basma testleri, 20 kN yiik kapasitesine sahip GUNT
WP 300 iiniversal malzeme test cihazi kullanilarak
5 mm/dk basma hizi ile gergeklestirilmigtir. Cihaz
ve basma testi sonrast numunelerin goriintiileri
sirastyla Sekil 4 ve 5'te gosterilmistir. Deneyler

sirasinda ¢ene hizi 5 mm/dk secilmis ve deneyler
oda sicakliginda gerceklestirilmistir. Kuvvet
degerleri basing transdiiserinden alinmigtir. Her bir
kenar genisligi degeri i¢cin 4 numune test edilmistir.

Sekil 5. Basma deneyi sonrasi farkli kenar genisliklerindeki numunelerin gériiniimi

3. BULGULAR VE TARTISMA

Dort farkli kenar genisligine sahip PLA 3 boyutlu
baskili numuneler i¢in basma testi grafikleri Sekil
6'da gosterilmektedir. Verilere dayanarak, PLA 3
boyutlu baskili numunelerin basma dayaniklilig
iizerinde kenar genisliginin belirgin bir etkisi
oldugunu soyleyebiliriz. Kenar genisligindeki artis
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ile birlikte basma yiikiinde artislar olmustur. Dort
numune icerisinde en diisiik basma yiikii 1,2 mm
kenar genisligine sahip numunede 2849 N iken, en
yiiksek basma yiikii 2,4 mm kenar genisligine sahip
numunede 6351 N’dur. Kenar kenisliginin 1,2
mm’den 2,4 mm’ye artis1 ile basma yiikiinde
%123’liik bir artis gerceklesmistir.
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2 4000 - 1,2 mm
Z
% 1,6 mm
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1000 1
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0 1 2 3 4 5 6 7 8
Uzama (mm)

Sekil 6. Farkli kenar genisliklerinde yiik-uzama degisim egrileri

Basma numunelerinin yiizey alanlari ile iliskili olan
gerilme degerlerinin karsilagtirilabilmesi igin CAD
modeli iizerinden ylizey alani hesabi yapilmistir.
Ayrica 0zgiil dayanimlar1 degerlendirebilmek igin
de 0,01 g hassasiyetli Super Scale SS-H modeli
hassas terazi ile kiitle 6l¢timleri yapilmistir. Kenar
genisligi ile degisen yiizey alan1 (mm?) ve dlgiilen
kiitle (g) degerleri Cizelge 2°de gosterilmistir. Daha
genis bir kenar genisligi, daha biiyiik bir yiizey alan1
ve daha yiiksek bir kiitleye yol agmustir.

Cizelge 2. Kenar genisligi degisimi ile yilizey alam
ve kiitle degigimi.

Kenar Genigligi |Yiizey alan1 (mm?)| Kiitle (g)
(mm)
1,2 81,97 4,30
1,6 108,02 5,25
2,0 133,42 6,20
2,4 158,19 7,70
Sekil 6’da  gosterilen maksimum  basma

kuvvetlerinin Cizelge 2’de verilen yiizey alanlarina
boliinmesi sonucu basma dayanimlar1 N/mm?
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(MPa) cinsinden Sekil 7°de gosterilmistir. Sekil
7'de  sunulan basma dayanmimi sonuglari,
numunelerin mekanik performansinin daha ayrintil
bir acidan degerlendirilmesini saglar.  Kenar
genigligi artist ile birlikte basma gerilmesinde
lineere yakin (R?=0,9538) bir artis olmustur. Bu,
kenar genisligi ile basma dayanimi arasinda giiglii
ve pozitif bir iligki oldugunu gosterir. En diisiik
basma gerilmesi 34,76 MPa ile 1,2 mm kenar
genigligine sahip numunede olurken, en yiiksek
basma gerilmesi 40,15 MPa ile 2,4 mm kenar
genigligine sahip numunededir. Kenar genisliginin
1,2 mm’den 2,4 mm’ye artist ile basma
gerilmesindeki artis % 15,5 olmustur. Kenar
genisligi artisgiyla birlikte basma dayaniminda
meydana gelen artiy, numunelerin daha genis

kesitlere  sahip  olmalarinin  etkisi  olarak
goriilmektedir. Bu, tasarim agsamasinda kenar
genigligi se¢iminin riiniin istenilen mekanik

ozellikleri iizerinde onemli bir etkisi oldugunu
gostermigtir. Uzama degerlerine bakildiginda ise
genel itibariyle 1 mm basma sonucu yiikiin
maksimum seviyeyi ¢iktig1 goriilmektedir.
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50 A
E 40,15
1 .9
s 3501 T3
a 34’76 ............ ®
5 S— .
g y=4,4x +29,12
8 30 - R 00538
% 20 I ' T T 1
= 0,8 1,2 1,6 2 2.4 2.8
Kenar genigligi (mm)

Sekil 7. Kenar genisligi ile maksimum ytiik/yiizey alan1 degisimi

Kiitle artis1 ile maksimum yiikteki artis kullanilan
malzeme miktar1 ile elde edilen yiik arasinda
kiyaslama yapmamizi saglamaktadir. Kenar
genisligi ile degisen kiitle degisimleri Cizelge 2°de
verilmisti. Dort farkli kenar genisligi icin elde
edilen maksimum yiiklerin kiitlelere boliinmesi ile
Sekil 8 olusturulmustur. Kuvvet ve gerilme
grafiklerinde oldugu gibi maksimum yiiklerin
kiitlelere boliinmesi ile elde edilen degerler kenar
genisligi artisi ile artmistir. Bu artis lineer olmugtur
(R?=0,9987). Minimum yiik/kiitle degeri 1,2 mm
kenar genisligine sahip numunede 662,56 N/g
olurken, maksimum yiik/kiitle degeri 2,4 mm kenar
genisligine sahip numunede 882,08 N/g’dir. Kenar
genisliginin 1,2 mm’den 2,4 mm’ye artmasi ile
maksimum yiik/kiitle degeri % 33,1 kadar artmistir.

Bu sonuclar, 3 boyutlu baski iiretiminde kenar
genigliginin 6nemli bir tasarim faktorii oldugunu
vurgulamaktadir. Daha biiylik kenar genislikleri,
iriiniin  mekanik dayanikliligmi artirabilir ve
uygulama gereksinimlerine gore daha yiiksek
yiikler altinda calisabilme yetenegi sunabilir. Bu
nedenle, tasarim asamasinda kenar genisligi
seciminin dikkatlice yapilmasi &nemlidir. Aym
zamanda, numune boyutlar1 ve geometrisi gibi diger
faktorlerin  de  sonuglar1  etkileyebilecegini
unutmamak Oonemlidir. Farkli numune tasarimlar
veya malzeme segimleri, kenar genisliginin basma
dayanikliligima olan etkisini daha ayrmtili bir
sekilde anlamamiza yardimci olabilir.

1000 -
882,08
w 2007 )
S 803,55...."
Z | n
S 800 738,86 °
= o
----- =180,81x + 446,3
i, 662,56 .. y ’ ’
E 700 o0 R = 0,9987
£ 600 1
=
500 T T T T 1
0,8 12 1,6 2 2,4 2,8
Kenar genisligi (mm)

Sekil 8. Kenar genisligi ile maksimum yiik/kiitle degisimi
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4. SONUCLAR

Bu calismada EYM prosesi icin YMK yapili
numunelerde kenar genisliginin basma dayanimi
tizerine olan etkileri incelenmigtir. Bu aragtirmadan
asagidaki sonuglar ¢ikarilabilir:

- Verilerin analizi, PLA malzemesi kullanilarak
3 boyutlu yaziciyla olusturulmug dort farklh
kenar genisligine sahip oOrneklerin basma
dayanikliligt tizerinde kenar genisliginin
belirgin bir bigimde etkili oldugunu ortaya
koymustur.

- Numune  kenar  genislikleri  arttikca,
maksimum yiik de neredeyse lineer bir sekilde
artmistir. En disik yik, 1,2 mm kenar
genisliginde 2849 N iken, en yiiksek yiik 2,4
mm kenar genisliginde 6351 N olarak 6l¢iildii.
Kenar genisligi 1,2 mm'den 2,4 mm'ye
ciktiginda basma yiikil %123 artt1.

- 1,2 mm kenar genisligine sahip numunede en
diisik basma gerilimi 34.76 MPa olarak
kaydedildi, 2,4 mm kenar genisligine sahip
numunede ise en yliksek basma gerilimi 40,15
MPa olarak 6l¢iildii. Kenar genisligi artisiyla
basma geriliminde %15,5 oraninda bir artig
gozlendi.

Kenar genisliginin 1,2 mm'den 2,4 mm'ye artmasi
ile maksimum yiik/kiitle degeri %33,1 kadar
artmistir. Numunelerin yiik tasima kapasitesinin
numune kiitlesi ile lineer bir sekilde arttig1
gozlemlenmistir.
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Oz

Asirt plastik deformasyona maruz birakilma islemi, malzemenin mekanik &zelliklerini gelistirmek amaciyla
ultra ince tanelerin olusturulmasina olanak saglamaktadir. Asir1 plastik deformasyon yontemlerinden biri
olan Esit Kanalli Agisal Presleme (EKAP) yontemi de malzeme kesitinde herhangi bir degisiklik olmadan,
malzemenin kayma gerilmelerine maruz kalmasi sonucu mekanik 6zelliklerin iyilesmesine imkan saglayan
bir yontemdir. Bu yontemle malzemelerin mekanik 6zelliklerin daha da artmasi hem iglem parametrelerine
ve hem de islem parametrelerinin optimizasyonuna baglidir. Ozellikle, malzemenin kanal icerisinden gegisi
strasinda kalip agilart kritik dneme sahiptir. Bu agilar, uygulanacak olan kuvvet ve deformasyon miktari
iizerinde dogrudan etkilidir. Deneysel siire¢ baslamadan malzemede meydana gelebilecek deformasyonu
onceden tahmin etmek siirecin dogru ilerlemesi agisindan ¢ok onemlidir. Bu caligmada tane boyutu
tizerinde en etkili parametrelerden olan kanal agisi, dig kavis agis1 ve i¢ kose kavis degeri dikkate alinmistir.
Kanal agis1 (@) 90° ve 120°, dis kavis agis1 (y) 0° ve 20°, i¢ kose kavis degerleri ise 0, 2, 4, 6, 8, 10 mm
olarak alinmigtir. Kalip ile numune arasindaki temas sekli, siirtiinmesiz olarak kabul edilerek numunenin
ugradig1 deformasyon miktar: tespit edilmis ve gerekli olan kuvvet degeri hesaplanmistir. Elde edilen
verilere gore en yiiksek gerilme degeri ®=90°, y=20° ve r=0 mm olan modelde gézlenmistir. Kanal agisinin
artirilmas1 kuvvet degerini azaltirken deformasyon miktarini da diisiirmektedir. I¢ kdse kavis degerinin
artmast ®=90° kanal agis1 i¢in gerilme degerlerinde 6nemli degisiklikler gostermesine ragmen ®=120°
kanal ag1s1 i¢in kayda deger degisiklikler g6zlenmemistir.

Anahtar Kelimeler:Esit kanall1 agisal presleme (EKAP), Sonlu elemanlar modeli (SEM), Asir1 plastik
deformasyon (APD), Mekanik 6zellikler
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Esit Kanalli Agisal Presleme Yonteminde Kanal Agilarinin ve I¢ Kése Kavisinin Deformasyona Etkisinin Sonlu
Elemanlar Metodu ile Incelenmesi

Investigation of the Effect of Channel Angles and Corner Radius on Deformation
in Equal Channel Angular Pressing Method by Finite Element Method

Abstract

The process of subjecting to severe plastic deformation enables the formation of ultra-fine grains in order
to enhance the mechanical properties of the material. Equal Channel Angular Pressing (ECAP), which is
one of the methods of extreme plastic deformation, is a technique that allows the improvement of
mechanical properties by subjecting the material to shear stresses without any change in the material cross-
section. The improvement of mechanical properties in materials through this method is dependent on both
the process parameters and the optimization of these parameters. In particular, the die angles are of critical
importance during the passage of the material through the channel. These angles directly influence the
applied force and the amount of deformation that will occur. Predicting the deformation that may occur in
the material prior to the start of the experimental process is crucial for the proper progression of the process.
In this study, the channel angle, outer corner angle, and inner corner radius value, which are among the
most influential parameters on grain size, have been taken into account. The channel angle (®) has been set
to 90° and 120°, the outer corner angle (y) to 0° and 20°, and the inner corner radius values to 0, 2, 4, 6, 8,
and 10 mm. The contact between the die and the sample is assumed to be frictionless, and the amount of
deformation undergone by the sample has been determined, and the required force value has been
calculated. According to the obtained data, the highest stress value was observed in the model with ®=90°,
y=20°, and r=0 mm. Increasing the channel angle reduces the force value while also decreasing the amount
of deformation. Increasing the inner corner radius value results in significant changes in stress values for
the ®=90° channel angle, but no significant changes were observed for the ®=120° channel angle.

Keywords: Equal channel angular pressing (ECAP), Finite element analysis (FEM), Severe plastic
deformation (SPD), Mechanical properties

termomekanik islem ise malzemenin igyapisinda
tane boyutunu incelterek mukavemeti artirmaktadir

1. GIRIS

Endiistride 6nemli rol oynayan ¢elik ve alagimlarina
alternatif olarak Al ve Mg alasimlart gibi
performanst  yiiksek ve agirhigi  azaltacak
malzemelere ihtiyag her gecen giin artmaktadir [1-
3]. Hafif malzemelerin gelistirilmesi ile ilgili
calismalar devam ederken bir yandan da malzeme
iiretim metotlarnin, iretimden sonra uygulanan
farkli 1s1l iglemlerin ve sekillendirme islemlerinin
malzemelerin mekanik &zelliklerini iyilestirmek
i¢in kullanilabilirligi arastirilmaktadir [4,5].

Hafif metallerde mekanik ozelliklerin
iyilestirilmesinde en c¢ok kullanilan ydntemler
yaglandirma ve termomekanik islemdir.
Yaglandirma ile matris i¢inde ikincil faz partikiilleri
tane sinirlarinda ¢okelti olusturur ve dislokasyon
hareketlerini engelleyerek malzemenin
mukavemetini arttirir [6]. Plastik deformasyon ve
yeniden kristallesmenin  kombinasyonu olan
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[7]. Fakat termomekanik iglemler ile 10 pm’den
daha kiiciik tane boyutlar1 {iretilmesi zordur [8]. Bu
yontemler sonunda ulasilacak tane biiyiikligii;
uygulanan deformasyon, siineklilik ve malzemenin
kesit alanindaki degisiklikler nedeniyle sinirh
seviyede kalmaktadir. Termomekanik islemler ile
tane boyutlarinin inceltilmesi sonrasinda 1sil iglem
uygulanmast maliyeti de arttirmaktadir. Bu
nedenlerle 1 pm alt1 ultra yapisina ulagmak igin
geleneksel yontemlerin (ekstriizyon, haddeleme,
dovme) disinda yeni proseslerin gelistirilmesine
ihtiyag duyulmaktadir [9]. Son yillarda yaygin
olarak kullanilmaya baglanan “Asir1  Plastik
Deformasyon  (APD)”  yontemi, malzeme
boyutlarinda herhangi bir degisiklik olugturmadan
yiiksek oranda deformasyon uygulamaya imkan
tanimaktadir. APD ydntemleri, sahip oldugu
miikemmel tane inceltme kabiliyeti ile ultra ince
taneli yap1 elde edilmesi, 6zellikle Al alasgimlarinin
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mukavemet ve toklugunun artirilmasinda basarili
olmasi sayesinde biiyiik ilgi gormistiir [10-15].

APD yontemlerinden biri olan Esit Kanalli Acisal
Presleme (EKAP) yontemi, kesit degisikligi
olmadan yiiksek dayanim ve tokluga sahip,
artirilmis stiper plastiklik gibi ultra ince taneli
yapilarin iiretilmesinde etkili bir yontemdir [16-18].
EKAP islemi i¢in bir kalip, itme kuvveti i¢in bir
hidrolik pres ve gerektiginde 1sitict bir firin
gereklidir. Hazirlanan numune kalibin igine
yerlestirildikten sonra zimba sayesinde kalibin
diger tarafina dogru itilir. Numune kalip
kanalindaki acili bolgeden gegtiginde, yiiksek
miktarda kayma gerinmesine maruz kalir. Olugan
bu gerilme, ultra ince taneli bir yapi1 olusumuna
neden olmaktadir [19-21].

EKAP yonteminin etkilerinin incelenmesi iki farkli
baghik altinda incelenebilir. Birincisi EKAP
yonteminin farkli malzemelerde (titanyum [22-24],
aliminyum [25-27], magnezyum [28,29], c¢elik
[30,31], piring [32], altin [33], kompozit [34-36]) i¢
yapiya olan etkisinin incelenmesidir. ikincisi ise
EKAP islem parametrelerinin (kanal agis1 (@) ve dis
kavis agis1 (y), rota, gecis sayisi, islem sicakligi,
kalip sekilleri) optimizasyonuna ve tane incelmesi
lizerine etkilerinin incelenmesidir.

Deformasyon sirasinda gerilmenin parga iginde
homojen dagilmasini kontrol eden ana parametre, i¢
ve dis kose yarigaplart (sirasiyla R ve r) ile
tanimlanan ¥ agisidir. Kanal agis1 (® ise mekanik
davranis ve sertlik degerinin yani sira malzemedeki
mikroyapisal degisiklikler, malzeme akisi ve
gerinim homojenliginde biiyiik 6neme sahiptir [37].

itme

Zimba +———— l

Numune «— ®
\P <
f/' \ = -
¥ O \
Kalip

Sekil 1. EKAP sematik gosterimi ve kalip agilari
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Ozyiirek ve arkadaslari ii¢ farkli kanal agisinin (75°,
90° ve 120°) AA7075 deformasyonu sirasinda
olusturdugu gerilme degerlerini incelemislerdir.
Sonu¢ olarak kanal acist arttikga gerilmenin
azaldigin1 ve 120° kanal agisina sahip kalipta
deformasyon islemi sirasinda kalip dirsek kisminda
bosluk olustugunu belirtmislerdir [38]. Fadhil ve
arkadaslari, deformasyon davranisi ve gerinim
dagiliminn  kalip  geometrisi ve  isleme
parametrelerinden  etkilendigini  belirtmiglerdir.
Yaptiklar1 caligmada, kalip i¢ kdse (0, 3, 4, 5 ve 8
mm) ve dig kose (0, 10, 12, 14, 15 ve 20 mm)
kavislerini degistirmislerdir. i¢ ve dis kdse kavisi
arttikca ortalama maksimum gerilme ve gerinim
onemli Ol¢lide azalmistir. Sonlu elemanlar modeli
ile alinan sonuglar A356 aliminyum alagimi
malzeme i¢in maksimum gerilme/ gerinme ve
esdeger gerilme/gerilme icin en iyi kalip kavis
degerlerinin =4 mm, R=12 mm oldugu
belirtilmistir [39]. Diger bir ¢aligmada ®=90° ve
y=10° olmak {izere siirtiinme katsayilarinin (0, 0.05,
0.075 ve 0.1) etkileri Von-Mises akma Kkriterine
gore degerlendirilmistir. Deneysel ve sonlu
elemanlar metoduyla elde edilen kuvvet-yol ile
maksimum yiik sonuglari karsilagtirilmis ve uyumlu
olduklar1 belirlenmistir. Siirtinme kuvvetinin
artmastyla malzemeyi kalip icinde ittirmek icin
gerekli kuvvetin arttigi ve aralarinda iyi bir
korelasyon oldugunu tespit edilmistir [40]. Kapoor
ve arkadaglari, AZ61 Mg alasimi igin sonlu
elemanlar metodu kullanarak EKAP islem ve kalip
tasarim parametrelerini incelemislerdir. Kanal
acisin1 ve kose kavisini literatiirde tavsiye edilen
®=90° ve y= 20° olarak almis ve tek gecis sayisi
kullanmislardir. Islem sirasindaki gerekli kuvvet,
gerinim ve sicaklik degerleri elde edilmistir. En
diisik kanal acgisi, malzeme {iizerinde en yiiksek
sicaklik etkisini ve deformasyon bdlgesinde en
yliksek gerilme/gerinimi olusturmustur. Ayrica
kanal agis1 ve kose kavisi arttikga kayma
gerilmesinin azaldig1 belirtilmigtir [41]. Samsudin
ve arkadaglari, AZ80 Mg alasiminda kanal agisinin
gerinim dagilimina etkisini incelemislerdir. Bunun
icin ®=90° ve dis kanal kavisi 8 mm, i¢ kanal kavisi
4 mm ve ®=120° dis kanal kavisi 11 mm, i¢ kanal
kavisi 7 mm olarak kalib1 tasarlamislardir. Kanal
acist 90° oldugunda gerilmenin daha yiiksek oldugu
ve her iki kanal agisi1 i¢inde kdse kavisi biiyiidiikge
gerilme/gerinmenin azaldig1 belirtilmistir [42]. Bir

861



Esit Kanalli Acisal Presleme Yéonteminde Kanal Acilarmin ve I¢ Kése Kavisinin Deformasyona Etkisinin Sonlu

Elemanlar Metodu ile Incelenmesi

diger ¢alismada ise ii¢ farkli kanal agis1 (90°, 110°
ve 120°), dis/i¢ kalip kavisi 16/4 mm ve farkhi
hidrostatik basing degerleri altinda gerinme
degerleri incelenmistir [43].

Literatiir ¢alismalar1 degerlendirildiginde, EKAP
yonteminde iglem parametrelerinin  etkisinin
gerilme/gerinme, sicaklik, deformasyon ve kuvvet
iizerindeki etkilerinin ¢ogunlukla sonlu elemanlar
metodu kullanilarak incelendigi belirlenmistir.
Plastik deformasyona etkileri sebebiyle i¢c ve dis
kavis acilart ayn1 kombinasyonla farkli oranlarda
aliarak sonlu elemanlar metodu incelemesi yapilan
caligmalar bulunmaktadir. Bu calismada EKAP
isleminde kalip icerisinde malzeme akisini en ¢ok
etkileyen kanal agis1 (90° ve 120°), dis kavis agis1
(0° ve 20°) ve i¢ kavis degerleri (0-2-4-6-8-10 mm)
degistirilerek  etkileri incelenmistir.  Gerilme,
kuvvet-yol degerleri ve belli noktalarda tanimlanan
plastik deformasyon degerleri karsilastirilarak
genel bir degerlendirme yapilmistir.

pres
ene o Kontrol
Itici pim Unitesi
Kalip

firini
Kalip
tutucu

~ Hidrolik

Isil islem

2. MATERYAL VE METOT
2.1. Esit Kanalli A¢isal Presleme (EKAP)

Yontem, esas olarak malzemenin kanal igerisinde
ilerlemesi prensibine dayanir. Zimba tarafindan
itilen malzeme, kalibin kose noktasinda yogun bir
plastik deformasyona ugratilir. Yogun plastik
deformasyon neticesinde malzeme i¢yapisinda tane
boyutlar kiigiiliir ve mekanik 6zelliklerde iyilesme
elde edilir.

2.1.1. Deney Ekipmanlari

Islem ekipmanlar;; zimbanmn kanal igerisinde
hareketini saglayan bir pres, gerekli itmeyi saglayan
itici u¢, EKAP kalib1 ve iglemin oda sicakligindan
farkli bir sicaklikta gerceklesmesi halinde kalib1
isitan bir firm ya da fisek rezistanslardan olusur
(Sekil 2).

Fisek
rezistans

Sekil 2. EKAP deney diizenegi [44,45]

Malzemede etkili bir tane inceltme i¢in EKAP
parametrelerinin se¢imi olduk¢a Onemlidir. Bu
parametreler kanal agisi, dig kavis agisi, sicaklik,
gegis  sayisi, presleme hizi ve uygulanan
rotasyondur. Kanal agilarina bagli olarak yapilan
calismalarda keskin kanal kOselerinin malzemede
6lii bolgenin artmasina yol agtigi belirtilmistir [46].
Bu sebeple kalip modelleri olusturulurken kanal

862

acis1 ve dis kavis agisinin kombinasyonu 6nemlidir.
Sekil 3°te kanal ve dis kavis acisina bagl olarak
olusan gerinme degerleri goriilmektedir. Bu grafige
gore kanal ve kavis agisinin malzeme iizerinde
olusan gerinme ve dolayisiyla malzeme igyapisinda
tane incelmesinde 6nemli bir etkiye sahip oldugu
anlasilmaktadir.
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Sekil 3. Kalip acilarina bagl esdeger gerinim
grafigi

EKAP islem sicakligi malzemenin siineklik ve
kirilganlik  6zelliklerine gore belirlenmektedir.
Sicaklik  artmasiyla ~ malzemede  yeniden
kristallesme ile tane biiylimesi meydana
geldiginden oda sicakliginda yapilan isleme gore
mekanik 6zelliklerde diisme egilimi goriiliir [47].
Gegis sayisina bagl olarak uygulanan plastik
deformasyonun artisi ile birlikte daha iyi mekanik
ozellikler elde edilmektedir. Ozellikle 1, 4 ve 8
gecis sayilarinda en yiiksek akma ve c¢ekme
degerleri elde edilen ¢alismalar bulunmaktadir [48-
50].

Presleme hizina bagl meydana gelen deformasyon
sekilleri incelendiginde presleme hizina bagh
onemli bir gelismenin olmadig fakat diisiik
presleme hizlarinda daha dengeli tane yapist elde
edildigi ortaya konmustur [51].

Uygulanan rotasyona bagli tane boyutunda
meydana gelen degisimler dnemlidir. Genel olarak
4 rota lizerinde ¢alismalar yogunlasmustir (Sekil 4.).
Fakat bu rotalarin kombine edildigi farkli rota
caligmalar1 da bulunmaktadir [11,52]. Bu rotalardan
A rotast i¢in numune ilk gegisten sonra
dondiiriilmeden diger gegislerini tamamlar. Bc
rotasinda ilk gegisten sonra numune her geciste ayni

Cizelge 1. Numune ve kalip malzemesinin dzellikleri

Erhan BAYSAL, Oguz KOCAR, Nergizhan ANAC, Ferudun DARICI

yonde 90° dondiiriilmektedir. C rotasinda ilk
gecisten sonra numune her gecgiste 180°
dondiiriilmektedir. Ba rotasinda ise ilk gecisten
sonra numune 90° dondiiriiliir ve takip eden her
geciste bir onceki yon dogrultusuna ters olacak
sekilde 90° dondiiriilerek gegis sayis1 tamamlanir.
Bc rotast ortalama tane boyutu olarak en iyi
degerleri saglamaktadir ve yapilan ¢aligmalar Bc
rotasi {izerinde yogunlasmstir [53].

< | L.
I

]

9%0°D

%mn '
o

l

Rota-A Rota-Be Rota-C Rota-Ba

Sekil 4. EKAP rotalari

Bu parametrelerin belirlenmesi deneme yoluyla
yaptlmaktadir. Bu durum maliyetin artmasina
neden olmaktadir. Bu yiizden malzemeye gore
islem parametrelerinin optimizasyonu ve siirecin
dogasinin anlagilmas: igin ayrintili caligmalara
ihtiya¢ duyulmaktadir.

2.2. Malzeme ve Kalip Geometrisi

Calismada ANSYS malzeme kiitiiphanesinden
kalip malzemesi olarak ¢elik ve numune malzemesi
olarak bakir alagimi segilmistir. Malzeme
ozellikleri Cizelge 1°de belirtilmigtir. Numune
boyutu 12x12x70 mm’dir. Analiz i¢in kullanilan
kalip modelleri Sekil 5’te gosterilmistir. Dis kavis
acis1 tim modellerde W=0° ve W¥=20° olarak
belirlenmis kanal agilar ise iki farkli deger olarak
®=90° ve ®=120° secilmistir. iki ayr1 model igin
sadece i¢ kose kavis (r) degeri degistirilmis ve bu
degerler 0, 2, 4, 6, 8, 10 mm olarak alinmistir.

Malzeme Elastisite Akmz_i Cekme mukavemeti P0issON orant
modiilii (GPa) mukavemeti (MPa) (MPa)
Bakir Alagimi 110 280 430 0,34
Celik 200 250 460 0,30

C.U. Miih. Fak. Dergisi, 38(3), Evliil 2023
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©=90° ®=90° ®=120° ®=120° r
p=(° =200 p=(° Pp=20° (mm)

10

AAVANA

Sekil 5. Kanal agilarmin gosterimi

2.3. Sonlu Elemanlar Modeli

Bu calismada ANSYS sonlu elemanlar yazilimi
kullanilmistir.  Islem  siiresini  azaltmak ve
hesaplarin hassasiyeti igin kalip modelleri 2 boyutlu
olarak  olusturulmustur.  Kalip  malzemesi,
numuneden daha az deformasyona ugradigi igin
kalip rijit govde olarak modellenmistir. Bu nedenle
kalibin gerilme degerleri analiz edilmemistir.
Numunenin st tarafindan deplasman
uygulanmigtir. Numune ile kalip arasinda
siirtiinmesiz temas sekli tercih edilmistir. Sekil 6’da
analiz i¢in belirlenen sinir sartlarini gosteren 6rnek
model verilmistir. Sekil 6. Ornek model
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Sonlu elemanlar modelinde yapilan kabullerde
numune kalip stirtiinmesi yaglayict
kullanilmasindan dolay1 sifir kabul edilmistir. Ust
taraftan zimba itme uygulayacagi i¢in malzeme tist
ylizeyi itme noktast olarak alinmistir. Verilen
deplasman degerli numune boyuna gbre ve
numunenin koseden donerek yatay diizlemde
ilerleyebilecek sekilde belirlenmistir.

2. TARTISMA VE SONUC

2.1. Sonlu Elemanlar Metodu Béliintiileme
Sayisinin Optimizasyonu

Analizler  sirasinda  numune  malzemesine
uygulanan boliintilleme siklig1 ¢Ozimil
etkilemektedir. Bu sebeple, farkli boliintiileme
biiylikliiklerinin ~ sonuca  etkileri  incelenerek
boliintiileme sikliginin optimizasyonu yapilmalidir.

0.5 mm

1 mm

Erhan BAYSAL, Oguz KOCAR, Nergizhan ANAC, Ferudun DARICI

Yapilan optimizasyonda 0.1-5 mm boliintiileme
sikliklar1 ile analizler gergeklestirilmis ve Sekil
7’de Dbolintileme sikliginin, gerilme ve analiz
¢Ozdiirme siiresi tizerindeki etkisi verilmistir. Sekil
7 incelendiginde Ozellikle 1 mm ve iizerindeki
boliintiileme sikliklarinda gerilme degerinin fazla
degismedigi, 0.1-0.5 mm araliginda ise devamli
azaldign  belirlenmistir.  Ozellikle 0.1 mm
boliintilleme araligindan 0.2 mm boliintiileme
araligina gegildiginde gerilme degerinde hizli bir
diigiis olmustur. Bununla beraber boliintiileme
siklig1 azalirken analiz siireleri artmaktadir. 0.3 mm
boliintilleme sikligindan 0.2 mm boliintiileme
sikligina gegis ile analiz siiresinin yaklagik 3 katina
ve 0.1 mm boliintilleme sikligina gore ise analiz
siiresinin bes katmna ¢iktigi goriilmistiir. Biitiin
degerlendirmeler dikkate alindiginda bu ¢alismada
yapilan EKAP isleminde boliintiileme siklig1 degeri
0.3 mm olarak kullanilmstir.

Boliintiileme Sikhig1 Optimizasyon Grafigi

7000 61308

6000

w
=
S
S

4000

Gerilme (MPa)

3000

Maks
- )
S S
S S
3 3

o

0,1 02 03 04 05
Boliintiileme Sikhigi (mm)

Sekil 7. Boliintilleme sikliginin optimizasyonu

3.2. Gerilmenin Degerlendirmesi

Kanal agilarina bagli olarak degisen maksimum
gerilme degerleri Sekil 8’de verilmistir. Kanal agis1
90° olan modelde i¢ kanal kavisi arttik¢a gerilme
degerleri diisme egilimi gostermektedir. I¢ kanal
kavisinin sifir oldugu modelde maksimum gerilme

C.U. Miih. Fak. Dergisi, 38(3), Eylil 2023
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degeri elde edilirken dis kose kavisinin degismesi
gerilme degerlerini fazla etkilememistir. Kanal agisi
120° olan modelde ise i¢ kanal ve dis kdse kavisinin
gerilmeye kayda deger bir etkisi goriilmemistir.
Kanal acist 90°°den 120°°ye artirildiginda ise
gerilme degerlerinde onemli disiislerin meydana
geldigi belirlenmistir.
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Sekil 8. Kanal acilarina bagli maksimum gerilme degerleri

3.3 Yol-kuvvet grafikleri

EKAP islemi i¢in uygun olan hidrolik pres se¢imi
icin parcanin kaliptan gegirilmesinde gerekli olan
kuvvetin bilinmesi gerekir. Sonlu elemanlar metodu
kullanilarak malzemeyi kaliptan gegirmek igin
gerekli olan kuvveti bulmak miimkiindiir. I¢ kose
kavisine bagli olarak kuvvet degerinin degisimi
Sekil 9°da gosterilmistir. Boliim 1°de malzeme kose
noktasina  kadar  herhangi  bir  engelle
kargilagmayacag1 i¢in kuvvet degerinde degisim
goriilmemektedir. Bolim 2’de ise kalip kosesiyle
ilk temas gergeklesmektedir. Malzeme kanal
kosesini donmekte zorlanirken gegisi saglamak igin

®=90°
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kuvvet degerinin artmasi gerekmektedir. Bolim
3’te ise malzemenin yarisindan fazlasi kanal
kosesini gegmis ve kalan kisim i¢in gerekli kuvvetin
zamanla azaldig1 goriilmektedir. Kanal agis1 90°, dis
kavis agis1 ve i¢ kose kavisi sifir oldugunda gerekli
itme kuvveti 352210 N olurken i¢ kose kavis
degerinin 10 mm’ye kadar artirilmasi gerekli itme
kuvvetini 162900 N seviyelerine diismiistiir.

Sekil 10°da ise kanal ag1s1 90° ve dis kavis agis1 20°
oldugundaki gerekli kuvvet degerleri verilmektedir.
I¢ kavis sifir oldugunda gerekli itme kuvveti
307700 N seviyelerini goriirken i¢ kavis degeri
artirtldikca kuvvet degeri diigmektedir.

-W=0°

70 80
Yer Degistirme (mm)

50 60

Sekil 9. =900 - WY=00 olan kalip modeline ait kuvvet-yol grafigi
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Sekil 10. ®=90°- WY=20° olan kalip modeline ait kuvvet-yol grafigi

Sekil 11°de ise 120° kanal agisina sahip dis kavis
acist sifir olan modelde gerekli itme kuvvet
degerinin i¢ kavis degerine gore degisimi
verilmistir. I¢c kavis degeri arttikga gerekli itme
kuvveti ihtiyact azalmaktadir. Burada ise kanal
agisinin artmasi sonucu numunenin kose noktasini

gerekli itme kuvveti 200000 N seviyelerinin altinda
kalmaktadir.

Sekil 12°de dis kavis agist 20° oldugunda ise i¢
kavisin degisimine bagl itme kuvveti degerlerinde
yine bir diigiis gézlenmistir fakat dig kavis agisina

R s bagli olarak kayda deger bir degisim
daha rahat dondiigii anlagilmaktadir. Ciinkii burada gbzlemlenmemistir.
®=120° - Y=Q°
200000
180000
160000
140000 e )
Z 120000 —_
g 100000 4
> 80000 .
60000 X
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40000
20000 ] 10
o ‘
0 20 40 60 80
Yer Degistirme (mm)
Sekil 11. ®=1200 - ¥=00 olan kalip modeline ait kuvvet-yol grafigi
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Sekil 12. ®=1200 - ¥=200 olan kalip modeline ait kuvvet-yol grafigi

Verilen modeller arasinda maksimum kuvvet
degerleri ayrica Cizelge 2’de verilmistir. Kanal
acisinin 90° dis kavis agis1 0° olan tasarim en fazla
kuvvet gerektiren modeli ifade ederken dis kavis
acisinin artmast gerekli kuvvet degerini 44510 N
disiirmektedir. Kanal agisimin 90° yerine 120°
olarak secilmesi gerekli kuvvet degerini yaklagik
yar1 yariya diislirmektedir. Kanal acist 120° olan
modelde kavis agisinin artmasi ise gerekli kuvvet
degerinde 6nemli bir azalma saglamamustir.

Cizelge 2. Modellere gore maksimum kuvvet
degerleri
Kanal Acilan Kuvvet Degerleri (N)
®=90° - Y=0° 352210
®=90°- ¥=20° 307700
O=120° - ¥=0° 188600
O=120° - ¥=20° 188330
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3.4. Noktasal Gerilme

Noktasal gerilme degerlerini belirlemek igin
gerilme degerinin en fazla oldugu ®=90°, y=20°ve
r=0 mm modeli secilmistir. Sekil 13’te belirtildigi
gibi baslangicta belirlenen A, B, C noktalar
numunenin heniiz iglem baslangicinda 0.1 sn siirede
gosterdigi gerilme degerleridir. Plastik
deformasyon esnasinda A ve C noktalarinda
gerilme degerlerinin farkli oldugu goziikmektedir.
Bu durum aslinda numunenin kenar bdlgelerinde
bir deformasyon farki oldugunu ispatlamaktadir.
EKAP islemlerinde plastik deformasyonun daha
homojen dagilimi i¢in islem parametrelerinden biri
olan rotasyonun kullanilmasi gerekmektedir.

Sekil 14°te ise A, B ve C noktalar i¢in toplam yer
degistirmeye bagli gerilme degerleri verilmistir.
Grafikte A noktast en fazla gerilmeye maruz
kalirken B noktasi en az gerilme degeri gosteren
nokta olarak belirlenmistir.
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Sekil 13. ®=900, y=200 ve =0 mm modeli i¢in noktasal gerilme degerlerinin gosterimi
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Sekil 14’te gosterilen Boliim 1’de numune kanal
icerisinde donme noktasina ilerlemekte ve 10 mm
ilerlemeden sonra belirtilen noktalar icin gerilme
degerleri artmaya baslamaktadir. Boliim 2°de ise A
noktast kanal kosesine yaklagmakta ve numune
kose noktasini donmeye baslamistir. B6lim 2’nin
sonuna dogru gerilme degerinde belirgin degisim
olmamasi kose agisini dondiigii kismi ifade eder.
Boliim 3’te artik A noktasi kose agisin1 donmiis ve
gerilme maksimum degerine ulagmistir.

B noktast konumu itibariyle orta noktada
bulunmasindan dolay1 gerilme artis1 daha diizgiin
bir egri ¢izmistir. 30 mm ile 60 mm aras1 B noktasi
kose doniisiinii tamamlamagtir.

C noktast1 50 mm’ye kadar dikey kanal yoluna
malzemenin  akmas1  gergeklestiginden  belli
boliimlerde kalip yiizeyine temas gergeklesmemis
ve gerilme degeri sifira kadar diismistir. 50
mm’den sonra kose noktasini ddnmeyi tamamlamis
ve gerilme degeri kanal ¢ikisina kadar C noktasinda
artig gostermistir.

4. SONUCLAR

Yapilan c¢alismada EKAP isleminde malzemede
ince taneli yap1 olusunda 6nemli rol oynayan kanal
agis1 (90° ve 120°), dis kavis agist (0° ve 20°) ve i¢
kose kavisinin (0, 2, 4, 6, 8, 10 mm) etkileri
incelenmistir. EKAP isleminde en yiksek
deformasyon kanal agis1 90°, dis kavis agis1 20° ve
i¢ kavisi 0 mm olan kalipta elde edilmistir. itme
kuvvetine gore degerlendirildiginde kanal agis1 90°,
dis kavis agis1 0° ve i¢ kavisi 0 mm olan kaliptan
malzemenin gecirilmesi igin yaklasik en az 35 ton
(352210 N), kanal ag1s1 90°, dis kavis agis1 0° ve i¢
kavisi 10 mm olan kalipta ise yaklagik 16 ton
(162900 N) hidrolik prese gerek vardir.

Kanal agis1 90° yerine 120° alindiginda kanal
icerisinde malzeme akigt kolaylastigi icin itme
kuvveti ve malzemede olusan deformasyon
azalmistir. Kanal agis1 120° oldugunda dis kavis
acisinin ve i¢ kavis degerinin gerilme {izerinde
etkisinin olmadig1 belirlenmistir. Kanal agis1 90°
oldugunda ise i¢ kavis degerinin artmasiyla birlikte
malzeme iizerinde olusan gerilme degeri Onemli
Olglide  azalmistir. Malzemenin ii¢ farkh
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noktasindaki gerilme degisimleri incelendiginde
EKAP islemi boyunca farkli deformasyonlara
maruz kaldiklar1 belirlenmistir. Malzemenin ig
yapisinda daha homojen bir tane yapisi i¢in birden
fazla gegis sayis1 yapilmalidir.

Sonraki ¢aligmalarda kalip, numune ve zimba
arasindaki farkli siirtiinme senaryolart da hesaba
hesaplanarak sonlu elemanlar ¢oziimlemeleri
yapilabilir.
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Text, Notations (gerekliyse), Acknowledgments (gerekliyse) ve References sirasi iginde diizenlenmelidir.

Bashk kisa ve agik olmali, igerigi yansitabilmelidir. Oz (ve Abstract) calismanin amacini, kapsamni, yéntemini ve
ulasilan sonuglart kisaca tanimlamali ve 150 kelimeyi asmamalidir. En az ii¢, en fazla bes tane anahtar kelime
verilmelidir. Baghk, Oz ve Ingilizce baslikli Abstract birinci sayfaya sigdirilmali ve ana metin ikinci sayfadan
baslatilmalidir. Metin yalm bir dil ve anlatimla yazilmali, makale Tiirkce ise Tiirkce, makale Ingilizce ise Ingilizce
yazim kurallara uygun olmalidir.

Bolim ve alt boliim basliklart numaralanmalidir. Denklemler numaralanmali ve bu numaralar satir sonunda parantez
icinde gosterilmelidir. Yazilarda yalmizca SI birimleri kullanilmalidir. Semboller uluslararast kullanima uygun
secilmeli; her bir sembol ilk kullanildig1 yerde tanimlanmalidir. Tesekkiir olabildigince kisa olmali, calismaya katkist
ve destegi bulunan kisi ve kuruluslar belirtilmelidir. Cizelgeler, ¢izimler ve fotograflar metin igine yerlestirilmeli, her
birine numara ve baglik verilmeli ve bagliklar ¢izim ve fotograflarin altina, ¢izelgelerin iistiine yazilmalidir.

Kaynaklar metinde koseli parantez i¢inde numaralanmali ve kaynaklar listesinde metin i¢inde verilis sirasina uygun
bicimde belirtilmelidir. Etik kurallar1 geregince, alintilar tirnak i¢inde verilmeli ve bir referans numarasi ile kaynak
belirtilmelidir. Kaynaklarda su bilgiler verilmelidir:

Makale ise: Yazar(lar)in soyadi, adinin bag harfi., y1l. makalenin tam basligi. derginin adi, cilt, say1, baslama ve bitis
sayfalar1.

Kitap ise: Yazar(lar)in soyadi, adinin bas harfi., yil. kitabin tam adi. cilt numarasi, varsa editorii, yayinlandigi yer,
son sayfa no.

Bildiri ise: Yazar(lar)in soyadi, adinin bas harfi., y1l. bildirinin tam baslig1. konferansin adi, yapildig: yer.

Elektronik ortamdan alinmis ise: Bildiri sadece CD/DVD’de yayinlanis ise: Yazar(lar)in soyadi, adinin bas harfi.,
diger yazarlar, yil, bildirinin adi. konferansin ad1 (CD/DVD), yapildig1 yer, yil. “Konferansin adindan hemen sonra
parantez igerisinde CD/DVD oldugu belirtilecektir.”

Tez ise: Yazarin soyadi, adinin bag harfi., yil. tezin adi. derecesi, sunuldugu kurum, son sayfa no.

Rapor ise: Yazarin soyadi, adinin bas harfi., diger yazarlar, yil. raporun adi. tiirli, numarasi, kurulusun adi,
yayinlandig yer.

Web Sitesi ise: Yazar(lar) belli ise; yazarin soyadi, adinin bas harfi., diger yazarlar, varsa yaymlandig: yil. yazinin
baslig1, web adresi (http:/www.xxxxx.Xxxxx.XxxX), Erisim Tarihi: giin.ay.y1l.

Kurum/Kuruluslara ait ise; Kurum adi, varsa yaymlandigi yil. yazinin bashg, web adresi
(http://Www.XXXXX.XXXX.XXX), Erisim Tarihi: giin.ay.y1l.

Elektronik kitap/rapor ise: Yazar(lar)in soyadi, adinin bas harfi veya kitap/raporu yaymmlayan kurum veya
kurulusun adi, varsa yaylandigi y1l, konunun tam adi, Erisim Tarihi: giin.ay.yil.



http://www.xxxxx.xxxx.xxx/
http://www.xxxxx.xxxx.xxx/
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