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Oz

Son yillarda cevresel kaygilardan dolayr biyopolimerler gibi organik ve cevre dostu malzemelerin
kullanim alanlar1 hizla artmaktadir. Bu ¢alismada bir biopolimer olan Guar Gum kullanilarak kohezyonlu
bir zeminin iyilestirilmesi arastirilmistir. Bu amagla kohezyonlu bir zemine belli oranlarda (%1, %2 ve
%3) guar gum karistirilarak numuneler hazirlanmigtir. Numuneler farkli siirelerde kiir edilmis ve farkli
sayilarda (1, 3, 5, 10) donma ¢oziilmeye tabi tutulmustur. Calismada Guar Gum’un karisim orani ile kiir
siresi ve donma ¢oOziilmenin serbest basing mukavemeti ve sigme basinct lizerindeki etkileri
aragtirtlmistir. Sonug olarak, biyopolimer katki malzemesinin kohezyonlu bir zeminin serbest basing
mukavemeti ve sisme basinci lizerinde olumlu etkileri oldugu belirlenmistir. Ayrica bu etkilerin kiir siiresi

ve donma ¢6ziilme ile dnemli dlgiide degistigi elde edilmistir.
Anahtar Kelimeler: Guar gum, Zemin iyilestirmesi, Biyopolimer, Donma-¢6ziilme, Sigsme basinci

Investigation of Strengths and Swelling Pressures in Freeze-Thaw Effect of Clay
Soils Improved by Guar Gum

Abstract

Nowadays, the areas of use of organic and environmentally friendly materials such as biopolymers have
been increasing rapidly due to environmental concerns. The improvement of a cohesive soil using Guar
Gum (GG) was investigated in this research. For this purpose, samples were prepared by adding GG to
cohesive soil in some proportions (1%, 2%, and 3%). Specimens exposed to different numbers of freeze-
thaw cycles (1, 3, 5, and 10) were cured for different times. Unconfined compression strength (UCS) and
swelling pressure tests were carried out on the prepared samples. As a result, it was seen that the addition
of biopolymer to the clay soils has a positive effect on strength values and swelling pressures. In addition,
curing time and freeze-thaw conditions were thought to play an important role in soil improvement with
the use of biopolymer.

Keywords: Guar gum, Soil improvement, Biopolymer, Freeze-thaw, Swelling pressure

*Sorumlu yazar (Corresponding author): Baki BAGRIACIK, bbagriacik@cu.edu.tr
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Guar Gum ile Iyilestirilen Kil Zeminlerin Donma Céziilme Etkisinde Mukavemet ve Sisme Basinglarinin Arasgtirilmast

1. GIRIS

Zeminlerin kayma mukavemeti ve oturma gibi
geoteknik  oOzelliklerinin ~ yapmin  gilivenligi
acisindan yetersiz oldugu durumlarda genellikle ya
zemin iyilestirmesi yapilmakta ya da temel sistemi
degistirilmektedir. Temel sistemini degistirmenin
ekonomik olmadig1 veya yeterli arazi bulunmadig
birgok durumda da zemin igin uygun bir
iyilestirme yontemi arayisi 6n plana ¢ikmaktadir.
Bu baglamda o6zellikle yumusak zeminler igin
katki maddeleri ile zeminlerin iyilestirilmesi
olduk¢a sik kullanilan bir zemin iyilestirme
tiriidiir [1]. Bu yontemde zemini iyilestirmek i¢in
¢imento, kire¢, ucucu kiil ve ciiruf gibi kimyasal
tabanli katki maddeleri sik¢a tercih edilmektedir.
Onceki ¢alismalarda bu katki maddelerinin disinda
polimerler, cam su, asit ve epoksi gibi bir¢ok farkli
kimyasal katki maddesi kullanilarak zeminlerin
iyilestirilmeye c¢alisildig1 goriilmistiir [2-12]. Bu
¢alismalarin sonucunda zeminin tasima giicii ve
oturma davranisi adina olumlu sonuglar elde
edildigi ifade edilmistir. Zemin iyilestirmede
kullanilan bu kimyasal katkilar genellikle yiiksek
enerji tiiketimi ile iiretim siirecinde yogun sekilde
komiir tiiketen, ¢evreye CO,, SO, ve NOx gibi
zararl gazlar salgilayan katkilardir. Bu katkilarin
zemin iyilestirmede kullanilmasi sonrasinda zararl
salimm yapan gazlarin yani sira zemin iginde
toksik  igeren ve yanict  bir  Ozellige
doniisebilmektedir. Ayrica, bu toksik iceren
maddeler zeminde yeralt1 suyu, yagmur vb. sular
ile karigmas: ile su yollarinin kirlenmesine de
neden olabilmektedir [13-15]. Bu nedenle, artan
diinya niifusuna paralel olarak bircok sektorde
hizla yayginlasan kimyasal maddelerin kullanimi
sonucunda ortaya c¢ikan c¢evresel sorunlar
sektorlerin {izerinde kimyasal katkilardan ziyade
cevre dostu organik katkilar kullanilmasi yoniinde
baski kurmaktadir [16-19]. Giiniimiizde artan ¢evre
kirligi bir¢ok tilkenin siki ¢evre giivenligi yasalari
getirmelerine  sebep olmakta dolayli olarak
kimyasal {iriinlerin  kullanim1 igin ek vergiler
koyulmakta ve sayisiz ig kolu i¢in dogal iirlinlerin
kullanilmast tesvik edilmektedir. Sonu¢ olarak
hem ¢evre siirdiiriilebilirligi agisindan hem de
maliyet bakimindan ¢evreyi kirletmeyecek
iiriinlere yonelmek gittikce daha ¢ok zorunluluk
haline gelmektedir.

590

Organik ve ¢evre dostu bir malzeme olan
biyopolimer malzemeler gilinlimiizde birgok
sektorde  kullanilan  ¢esitli  kimyasal  kati
maddelerine alternatif olarak
degerlendirilebilmektedirler. Biyopolimerler;
mantarlar, algler ve bakteriler gibi biyolojik
tepkimeler sonucunda biyolojik organizmalardan
iretilen monosakkarit ve polisakkarit tabanli
polimerlerdir. Bu polimerler sahip olduklar
yapilart nedeniyle toksik degildir ve biyolojik
olarak pargalanabilir. Bu sebeple de g¢evre dostu
katki maddeleri olarak kabul edilebilirler [20-22].

Biyopolimerlerin diger sektorlerde kullaniminin
yaninda, bir¢cok arastirmact gesitli kimyasallarin
kullanildig1 katki ile zemin 1slah gibi geoteknik
uygulamalarinda  kimyasal katkilarin  yerine
organik biyopolimerlerin kullanilabilmesi yoniinde
arastirmalar yapmislardir. Bu c¢alismalarda daha
¢ok kumlu kohezyonsuz zeminlerin permeabilitesi,
serbest basing mukavemeti, birim hacim agirlig
gibi  fiziksel/geoteknik  ozelliklerinin  farkli
biyopolimer katkilar1 ile iyilestirilmesi {iizerine
caligmalar yuriitilmiistiir. Ayrica bu ¢aligmalarda
kir  stiresi de  bir parametre  olarak
degerlendirilmistir. Bu c¢aligmalarin  sonucunda
genel olarak biyopolimer katkilarin o6zellikle
kumlu zeminlerin islah1 igin bir alternatif olarak
disiiniilebilecegi  ifade edilmistir [18,23-30].
Yumusak kohezyonlu zeminlerin kimyasal katkilar
ile iyilestirilmesi ¢ok yaygin olmasina ragmen
literatiirde bu tip zeminlerde kimyasal katkilar
yerine biyopolimerlerin kullanim ile ilgili ¢ok az
sayida yaym mevcuttur. Konu ile ilgili Soldo ve
arkadaglar1 [31] yaptiklar ¢alismada ince danelere
sahip dusiik plastisiteli bir siltli kum zeminin
biyopolimerlerle iyilestirilmesini arastirmislar ve
¢aligmalarinin sonucunda biyopolimerlerin ince
daneli zemin barindiran kumlarda da mukavemeti
onemli Olclide artirabilecegini belirtmislerdir. Bu
calismada kullanilan zemin ince dane igerse de
kum orami daha fazla olan diisiik plastisiteli bir
zemindir. Bunun disinda Sujatha ve Saisree [32]
killi zeminlerin biopolimer ile 1slahi iizerine bir
calisma ylritmistir. Calismalarinda Guar Gum

biyopolimerin zeminin permeabilitesine,
sikigabilirligine ve basing dayanimina etkisini
arastirmiglardir.  Caligmalar1  sonucunda  Guar

Gum’un zemin 1slahindaki olumlu etkileri ifade
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edilmekle birlikte konu ile ilgili daha detayh
caligmalara ihtiya¢ duyuldugu belirtilmistir.
Bagriacik ve arkadaslari [33] ¢aligmalarinda Guar
Gum ile 1slah edilen kohezyonlu bir zeminlerin
serbest basing mukavemeti aragtirmiglar ve Guar
Gum’un serbest basing mukavemetini Snemli
Olciide arttirabilecegini ifade etmislerdir. Guar
Gum katkinin  zemin {izerindeki etkilerini
inceleyen yukarida ifade edilen c¢alismalar Guar
Gum’un ¢ok yaygin bulunan ve diger
biyopolimerlere kiyasla ucuz bir biyopolimer
oldugunu ifade ederek zemin 1slahinda bir
alternatif olabilecegini belirtmiglerdir.

Ayrica, bir zeminin donma-¢6ziilme etkisi
altindaki davranmiginin bilinmesi 6zellikle giindiiz
ve gece arasindaki sicaklik farklarinin ¢ok yiiksek
oldugu ¢o6l iklimi etkisindeki alanlarda ¢ok
onemlidir. Bu alanlarda, sicaklik degisimlerine
bagli olarak zemin ortaminda, diisiik derecelerde
donma sonrasinda sicakligin artmasiyla ¢oziilme

meydana gelmektedir. Bu durumda, temel
zemininde istenmeyen oturma ve/veya sisme
durumlart s6z konusu olabilmektedir. Temel

zemininde meydana gelen bu durumlarin, {ist
yapida olumsuz etkiler yaratmamasi i¢in gerekli
iyilestirmelerin yapilmasi gerekmektedir. Guar
Gum kullaniminin bu olumsuzluklar1 6nlemede
alternatif bir yontem oldugu disiiniilmektedir.
Ancak, Guar Gum katkili kohezyonlu zeminlerin
donma-¢6ziilme etkisi altindaki performansim ve
bu biyopolimerin sigme basincina etkilerinin
arastirilldigt  kayda deger bir  ¢alismaya
rastlanmamistir. Bu durum da, Guar Gum’un
donma-¢6ziilme dongiileri etkisinde kaldiginda
killi bir zemini iyilestirme diizeyi ve 6zellikle fazla
su emebildigi i¢in bu killi zeminin sisme basincina
etkileri hala belirginlesmemistir.

Bu nedenle ¢aligma kapsaminda, bir biyopolimer
tirii olan ve katki maddesi olarak kullanilabilen
Guar Gum (GG) ile kohezyonlu bir zeminin
iyilestirilmesi durumu arastirtlmigtir. Calismada
zemin %1, %2 ve %3 oranlarinda GG ile
karistirilarak  serbest basing ve konsolidasyon
deney numuneleri hazirlanmig sonrasinda bu
numuneler 1, 7, 14, 21, 28, 56 giin kiire tabi
tutulmustur. Ayrica katki malzemesinin uzun
donem etkisini incelemek i¢in bazi numuneler 196

C.U. Miih. Fak. Dergisi, 37(3), Evliil 2022
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giin kiire tabi tutulmustur. Kiir islemi sonrasinda
katki malzemesinin donma ¢oziilme sonrasindaki
iyilestirme diizeyini incelemek i¢in bazi numuneler
10 defaya kadar donma ¢oziilmeye tabi
tutulmustur. Bu islemler sonrasinda elde edilen
deney numunelerine serbest basing deneyine ve
konsolidasyon deney aletinde sisme deneyine tabi
tutulmustur. Sonug olarak, GG ile iyilestirilmis
kohezyonlu bir zeminde katki maddesi yiizdesi,
uzun donem de iceren kiir siiresi ve donma
¢Oziilme dongiilerinin serbest basing mukavemeti
ve sisme basincina etkileri arastirilarak GG
katkinin iyilestirme etkisi tartigtlmistir.

2. MATERYAL VE METOT
2.1. Materyal
2.1.1. ince Daneli Zemin

Deneysel ¢alismalarda, kullanilan ince daneli
zemin numunesi Adana’dan elde edilmistir.
Numunenin alindig1 yerin Google Earth goriintiisii
Sekil 1°de gosterilmektedir. Laboratuvara getirilen
getirilen ince daneli zemin dncelikle bir hafta oda
sicakliginda bekletilmis sonrasinda, 24 saat 105
derecede (C°) etiivde kurutulmustur. Daha sonra,
ince daneli zemin numunesi bir Ogiitlicli
yardimiyla daha kiiclik parcaciklara ayrilmistir.
Elde edilen zemin numunesine hidrometre deneyi
yapilarak zeminin graniilometre egrisi
belirlenmistir  [34]. Ince daneli  zeminin

graniilometre egrisi Sekil 2°de gosterilmistir.

| Enlem: 36.7383
28 Boylam: 35.5835

A

4

Sekil 1. ince daneli zeminin temin edildigi koﬁum

Ince daneli zemin iizerinde bir seri laboratuvar
deneyi gergeklestirilerek, dane birim hacim
agirhigl, kivam limitleri belirlenmistir. Deneyler
sonucunda zeminin dane birim hacim agirlig
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27 kN/m’ [35], likit limiti %42, plastik limiti %24
ve plastisite indisi %18 olarak belirlenmigtir [36].
Ayrica zemin birlestirilmis zemin siniflandirma
sistemine gore diigiik plastisiteli kil (CL) olarak
siniflandirilmigtir [37]. Diger yandan kil zemin
iizerinde yapilan kompaksiyon deney sonuglarina
gore, zeminin optimum su muhtevast %18,10 ve
maksimum kuru birim hacim agirlign ise 17,40
kN/m® olarak bulunmustur [38]. Kil zemin
iizerinde yapilan XRF analizleri sonucunda [39],
zeminin kuvars, kalsit ve kil grubu mineraller

(kaolinit, simektit ve vermikilit) icerdigi
gorilmiistiir.
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Sekil 2. ince daneli zeminin dane cap1 dagilimi
2.1.2. Guar Gum (GG)

Calismada katki malzemesi olarak kullanilan GG,
Istanbul’da bir firmadan temin edilmistir. GG
guaran olarak kabul edilmektedir (Sekil 3).
Mannoz ve galaktozdan olusan dogal, iyonik
olmayan bir polisakkarittir. Bu polisakkarit, (1-6)
glikosidik baglar icindeki mannoz omurgasina
birlestirilmis 3-D-galaktopiranoz birimleriyle (1-4)
bagli 3-D-mannopiranoz birimlerinden olusan bir
dizidir. Poli-mannoz dizisi 1,8-1,0 mannoz-
galaktoz oraninda rastgele galaktoz birimleriyle
degistirilerek GG elde edilmektedir [40]. GG,
temel yapisal 6zelligi nedeniyle, endiistrinin ¢esitli
alanlarinda kullanilmaktadir ve diisiik
konsantrasyonlarda son derece viskoz ¢o6ziimler
saglayan bir biyopolimerdir. Toksik olmayan ve
biyolojik olarak pargalanabilen bu biyopolimer,
ekonomik olarak kolayca temin edilebilir veya
laboratuvarlarda tiretilebilirdir [41,42].
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Sekil 3. GG’nin saf ve islenmemis hali [43]
2.2. Metot
2.2.1. Kanistirma Yontemi

Biyopolimerlerin kil zeminle karistirilmasinda,
islak  karistrma  yontemi  kullanilmustir.  Islak
karisim yonteminde, her GG orant i¢in optimum
oranda su ilave edilmis ve bir karistiric1 yardimiyla
GG su icinde ¢oziilene kadar karistirilmistir. Bu
islem toz GG’un hidrojeller olusturmasini
saglamistir. Bu olusum benzer karisim yoOntemi
kullanilan onceki caligmalarda rapor edilmistir.
Daha sonra, karisima kil zemine ilave edilmis ve
uniform bir karisim olusana dek karigtirilmigtir
[18,30,32,33,44,45]. Sujatha ve Saisree [32] %0,5,
%1,0, %1,5 ve %2,0 oranlarinda GG ile
karigtirtlmis kohezyonlu zeminlerin dayanimlarini
incelemis ve %0,5 karisim oraninda dayanimda
azalma elde ederken %1,0 karisim oraninda

optimum serbest basing mukavemeti elde
etmislerdir. Diger bir yandan Lee ve arkadaslari
[28] calismalarinda %0,5, %I1,0 ve %2,0

oranlarinda bir ¢esit biyopolimer olan xanthan gum
ile karigtirtlmis kum zeminlerin dayanimlarini
arastirmis ve %1,0 oraninda en yiiksek dayanimi
elde etmistir. Ayrica Khatami ve O'Kelly [25]
caligmalarinda %1 ile %4 arasinda, Fatehi ve
arkadasar1 [30] ise c¢aligmalarinda 9%0,5 ile %5
arasinda biyoplimer karigtirtlmis kum zeminleri
arastirmislar ve ¢aligsmalar1 sonucunda biyopolimer
orani1 arttikca dayanmim arttigini ifade etmistir.
Literatiirde arastirilan karigim oranlar gdz goniinde
bulundurularak ve karigim oranmin etkisini
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incelemek amaci ile %1, %2 ve %3 olmak iizere ii¢
farkli oranda GG igeren zemin numuneleri
hazirlanmistir. Karisima ilave edilen GG miktari
kuru zemin agirligina gore hesaplanmustir.

2.2.2. Kiir islemi

GG ilave edilen kil zeminde kiir siiresinin etkisinin
belirlenebilmesi i¢in, uygun yontemle karistirilan
numuneler, dnce optimum su igerigi ve maksimum
kuru birim hacim agirligr saglanarak yapilacak
deney ile ilgili kaliplara yerlestirilmislerdir. Daha
sonra, bu numuneler stre¢ filmlerle sarilarak 1, 7,
14, 21, 28, 56 ve 196 giin olmak iizere 7 farkli kiir
stiresi i¢in desikatorde bekletilmistir [33]. Sujatha
ve Saisree [32] calismalarinda GG'un su ile
karigtirilmasi sonrasinda hidrojeller olustugunu ve
zemin ile Kkarigtirilmast  sonrasinda da bu
hidrojellerin zemin danelerini sararak hidrojen
baglar1 olusturduklarini ifade etmislerdir. Ayrica
hidrojen  baglar1  olustuktan  sonra  susuz
kaldiklarinda baglarin kuvvetlendigini havasiz
ortamda da GG'nin oksidasyonununu azaldigin
belirtmislerdir. Bu nedenle GG ile iyilestirme igin
oda sicakliginda kuru kiirlemeyi Onermislerdir.
Benzer sekilde, cesitli biyopolimerlerin
giiclendirme etkilerini arastiran bazi arastirmacilar
da caligmalarinda kuru kiirlemenin daha etkili
oldugunu belirtmislerdir [18,28]. Bu durum goz
oniinde bulundurularak bu ¢alismada zemin
numunelerine benzer bir kiirleme yapilmistir.

2.2.3. Serbest Basin¢ Deneyi

Calismada kil zemine farkli oranlarda GG
eklenerek serbest basing deney numuneleri
hazirlanmistir  [46]. Serbest basing deney

numuneleri, her karisim orani i¢in, optimum su
muhtevasinda, 50 mm ¢apinda, 100 mm boyunda
ve kilcal gatlak icermeyecek sekilde hazirlanmustir.
Zemin numunesi, yaglanmig iki pargali ¢elik tiipe
(kalip) yerlestirilmistir. Kalibin iki agzindan tagan
zemin numunesi, kil testereyle kesilip atilmustir.
Hazirlanan zemin numunesi, presin alt platformuna
merkezlenerek oturtulduktan sonra, {ist baslik
numune iist yiizeyine rahat¢a ve tam degecek
sekilde indirilmis ve numunede dakikada %0,5-%2
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arast birim boy kisalmasi olusturacak sekilde
yiikleme yapilmistir. Deney sirasinda numunenin
boy degisimi komparator saati ile Olgiilmistiir.
Deney sonucunda yiik-deplasman egrisinin pik
yaptig1 deger serbest basing mukavemeti olarak
belirlenmistir [46].

2.2.4. Sisme Basinci Deneyi

Caligmada kil zemine farkli oranlarda GG
eklenerek  konsolidasyon deney numuneleri
hazirlanmistir.  Deney  numuneleri iizerinde

konsolidasyon deney aletinde sisme basinci deneyi
yapilmistir. Deneylerde i¢ ¢ap1t 50 mm, yiliksekligi
20 mm olan ringler kullanilmis ve numuneler
100 kPa On-konsolidasyon basincina  tabi
tutulmustur [47]. Konsolidasyon hiicresi icerisine
doldurulan sivi, On-konsolide edilen zemindeki
karigim  sivist ile  aynm1  olacak  sekilde
hazirlanmigtir.  Hiicre  igerisindeki  sivinin
buharlagmasini 6nlemek igin, hiicrenin list ylizeyi
lastik bir kilif ile kapatilmistir. Hiicre sivisi
icerisinde 1 giin siireyle bekletilerek doygun hale
getirilen numunelerin sigsme basinglari
belirlenmistir.

2.2.5. Donma Coziilme Davranisi

Caligmada kullanilan deney numuneleri optimum
su  muhtevalarinda ve  belirlenen  karigim
oranlarinda hazirlanmis ve numuneler donma-
¢Oziilme etkilerine maruz birakilmistir.
Numuneler, su muhtevalarinda degisme olmamast
icin desikatorlerde bekletilmigtir. Calismada,
donma-¢6ziilme ¢evrim sayist 1, 3, 5 ve
10, sicaklik degerleri donma igin -20 °C ve
¢oOzililme i¢in +25 °C, her bir sicaklikta bekleme
siiresi ise 6 saat olarak alinmigtir. Numuneler,
folyo ile sarilarak donma-¢oziilme kabinine
yerlestirilmis ve deney siiresince donma-¢oziilme
kabininden ¢ikarilmamigtir. Numuneler, donma-
¢Oziilme kabinine konulduktan sonra, ilk olarak -
20 °C’ye getirilerek 6 saat beklenmis ve sonrasinda
+25 °C’ye getirilerek 6 saat daha beklenmistir.
12 saatin sonunda tamamlanan bu islem ise
1 ¢evrim olarak kabul edilmistir [48-51].
Cevrimler sonunda, ilgili numuneler ile serbest
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basing ve sisme basincit deneylerine tabi
tutulmustur.

3. BULGULAR VE TARTISMA

3.1. GG ilavesinin Serbest Basing

Mukavemetine Etkisi

Kil zemin ve kil zemine %1, %2 ve %3 oraninda
GG ilave edilerek yapilan serbest basing deneyi
sonucunda  elde  edilen  serbest  basing
mukavemetleri Sekil 4’te gosterilmistir. Deney
sonuglarma bakildiginda, kil zemin ve % 1, %2 ve
%3 oranlarinda GG ilavesi olusan numunelerin
serbest basing mukavemetleri yaklagik olarak
sirastyla 129 kPa, 735 kPa, 588 kPa ve 508 kPa a
kadar ulasmustir. Kil zemine, % 1, %2 ve %3
oranlarinda GG ilavesi ile serbest basing
mukavemetlerinde sirasiyla 5,7, 4,6 ve 3,9 kata
varan artiglar olmustur. Bu durum Bagriacik
arkadaslar1 [33] tarafindan da rapor edilmistir. GG
ilavesi ile dayanim artisinn GG'un su ile
karistirilmasindan sonra olusan hidrojellerin zemin
danelerini kaplamasi ve daha sonra hidrojen
baglar1  olusturmasindan  dayandigi  tahmin
edilmektedir. Ayrica GG orani arttik¢a iyilestirme

miktarinin  azalmast da  hidrojellerin  fazla
olmasinin  bosluklar1  doldurarak  daneleri
birbirinden  uzaklastirmasindan  kaynaklandigi

tahmin edilmektedir. Benzer duruma bir duruma
Sujatha ve Saisree [32] GG {izerine yaptig1
caligmalarinda da rastlanmis ve en yiiksek serbest
basing mukavemet degeri buradaki gibi %l
karisim oraninda elde edilmistir.

800 -
700 4
600 -

500
400
300 4
200 ~
100 4
0

GGma.m(/

quTKPa)

3.2. Kiir Siiresinin Serbest

Mukavemetine Etkisi

Basing

GG ilave edilmis kil zeminde Kkiir siiresinin
mukavemet tzerindeki etkilerini belirleyebilmek
amaciyla, optimum GG oraninda hazirlanan
numuneler 1, 7, 14, 21, 28, 56 ve 196 giiniin kiir
edildikten sonra serbest basing deneyine tabi
tutulmugtur. Deneyler sonucunda elde edilen
serbest basing mukavemetleri  Sekil = 5°te
karsilagtirmali olarak sunulmustur. Numunelerden
7, 14, 21, 28, 56 ve 196 giin sonunda elde edilen
serbest basing mukavemetlerinde, ilk giiniin
sonundaki mukavemet degerine gore sirasiyla,
1,18, 1,34, 1,59, 1,76, 2,02 ve 2,06 kata varan
artislar gdzlenmistir. Sujatha ve Saisree [32]
caligmalarmda GG su ile karstirildiginda
hidrasyona bagli olarak hidrojeller olusturmaya
basladigint ve daha sonra zeminle karigtiginda
zemindeki suyun emilmesi ile hidrojel olusumunun
devam ettigi bildirilmistir. Ayrica ¢aligmalarinda
bu hidrojellerlerin zemin danelerini sardigini,
hidrojen baglart olusturdugunu ve bu baglarin
susuz ortamda kuvvetlendigini ifade etmislerdir.
Artan kiir siiresi ile dayanim artiginin  buna
dayandig1 dislinilmektedir. Ancak 56. gilinden
sonra mukavemet degerinde kayda deger oranda
bir artisin olmamustir. Yani kiir sebebi ile olusan
baglarin kuvvetlenmesinin de bir sinirt vardir. Bu
durum i¢in 56 giin optimum kiir siiresi olarak
diistiniilebilir [33].

1600
1400 1% 1GG
1200
~. 1000
i 800
& 600
400
200
0 T
Kiir Su1c51

Sekil 4. Farkli GG oranlar1 igin serbest basing
mukavemeti degerleri
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Sekil 5. Farkli kiir siireleri i¢in serbest basing
mukavemeti degerleri
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3.3. Donma Céoziilme Dongiisiiniin Serbest
Basin¢ Mukavemetine Etkisi

GG ilavesinin kil zeminin donma ¢oziilme
davranigina etkisini belirleyebilmek amacuyla,
7 farkli kiir siiresi sonunda elde edilen optimum
GG (%]!) oranmna sahip numuneler farkli sayida
donma ¢oziilme etkisine maruz birakildiktan sonra
serbest basing deneyine tabi tutulmustur.
Deneylerin sonucunda numunelerin serbest basing
mukavemetleri kiir siiresi ve donma ¢o6ziilme
dongli sayisina  bagli  karsilagtirmali  olarak
Sekil 6°da, iyilesme oranindaki azalma miktarlari
Sekil 7°de sunulmustur. Yapilan bu deneyler

Bahadir OK, Baki BAGRIACIK

sonucunda, dongii sayist arttikca GG ile
iyilestirilen kil zeminin mukavemet degerlerinin
distiigii gézlenmistir. 1, 7, 14, 21, 28, 56 ve 196
giinlerin sonunda, 1-3-5-10 dongiiler sonrasinda
mukavemet degerlerinde 1,96, 1,62, 1,40, 1,30,
1,21, 1,20 ve 1,06 kata varan azalmalar meydana
gelmigtir. Kiir siiresi arttikga donma ¢oziilme
dongiileri sonrasindaki dayanim kayiplarinin
azaldig1 goriilmiigtiir. Burada dayanim kayiplarinin
hidrojen baglarindaki tahribattan ziyade donma
¢Oziilme sirasindaki hacim degisimleri ile iliskili
oldugu disitiniilmektedir. Aksi taktirde daha
dramatik ve kiir siiresiyle artan dayanim kayiplari
beklenebilirdi.
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34. Kiir Siiresi ve Donma Coziilme
Dongiilerinin Sisme Basincina Etkisi

Farkli kiir siiresi sonucunda elde edilen (1, 7, 14,
28, 56, 196 giin) ve farkli sayida donma ¢oziilme
etkisine maruz birakilan (1, 3, 5, 10 tekrar)
optimum oranda GG ile karistirilmis kil zemin
numuneleri iizerinde yapilan sigme basinct deney
sonuclar1 Sekil 8’de goriilmektedir. Sonuglara
gore, 1-3-5-10 dongii sayilan icin 1, 7, 14, 21, 28,
56 ve 196 giliniin sonunda sirastyla sisme
basinglarinda 1,65 kattan 11,75 kata, 1,58 kattan
11,34 kata, 1,49 kattan 11,43 kata, 1,46 kattan
11,64 kata, 1,02 kattan 1,48 kata ve 1,01 kattan

12,32 kata azalmalar meydana gelmistir. Buradan,
her bir kiir siiresi i¢in dongii sayisinin artmasina
bagli olarak kil zeminin sisme basinci degerlerinde
artis gorlinse de kiir siiresi arttikga sisme basinci
degerlerinde kayda deger oranlarda azalmalar
meydana gelmistir. Kiir siiresi arttikca artan
hidrojellerin bir 6l¢iide bosluklar1 doldurdugu ve
bunun sonucunda sisme basincini azalttigi tahmin
edilmektedir. GG ilavesi ile kil zeminin sigme
basincinin azaltilmasinda, kiirlemenin 6nemli bir
etki yarattigi diisiiniilmektedir. Bununla birlikte
donma ¢oziilme etkisinde sisme basinglart bir
miktar artsa da bu artis sinirli kalmustir.

35
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Sekil 8. Farkli donma ¢6ziilme dongiileri igin sisme basinglart degisimi
4. SONUCLAR artmigtir. Numuneler iizerinde donma ¢oziilme

Bu galismada, GG ile iyilestirilen bir kil zeminin
donma ¢oziilme etkisi altinda, mukavemet ve
sigme  davranglarinin  kiir  sliresine  bagh
degisimleri serbest basing ve sisme basinci
deneyleri ile arastirllmistir. Elde edilen sonuglar
asagida sunulmustur.

GG ilaveli numunelerde kiir siiresi arttikga serbest
basing mukavemetlerinde 56 giine kadar onemli
artiglar elde edilebilirken, numuneler donma
¢oziilmeye tabi tutulduktan sonra serbest basing
mukavemetleri biraz diismiistiir. Ayrica bu disiis
donma ¢oziilme tekrar sayisinin artmasi ile
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tekrar say1s1 arttikca serbest basing
mukavemetinde iki kata varan diisiisler elde
edilmistir. Ancak bu diislis kiir siiresi fazla olan
numunelerde az olan numunelere gore nispeten az
olmustur. 196 giin kiir edilen numunelerde serbest
basing mukavemetindeki diisiis 1,06 kat1 olarak
elde edilmistir.

Her bir kiir siiresi i¢in dongii sayisinin artmasina
bagli olarak kil zeminin sigsme basinci degerlerinde
artis goriilse de kiir siiresi arttikga sisme basinci
degerlerinde kayda deger oranlarda azalmalar
meydana gelmistir. Bu durumda GG’un su ile
karistiginda olusturdugu ve kiir siiresi ile artan
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hidrojellerin ~ bosluklart  doldurmasinin  etkili
oldugu disiiniilmektedir. Bununla birlikte donma
¢oziilme etkisinde sigsme basinglart bir miktar artsa
da bu artig sinirli kalmustir.

GG ile karigtirilan kil zeminde hem kiir hem de
donma ¢ozlilmeye gore serbest basing mukavemeti
ve sigsme basinci agisindan ¢aba ve elde edilecek
kazang diisiiniildiiglinde optimum kiir siiresi
yazarlar tarafindan 56 giin olarak 6nerilmektedir.

GG ilavesinin, ¢alismada arastirilan kil zeminin
donma ¢oziilme davranisi altinda mukavemet ve
sisme parametrelerine olumlu ydnde katkisinin
oldugu belirlenmistir. Bu durumda g¢evre dostu bir
malzeme olan GG’un farkli kil zeminlerde
yapilacak ¢alismalar ve arazi c¢aligmalari ile
desteklenmek sureti ile zemin iyilestirmede katki
maddesi olarak iyi bir alternatif olabilecegi
ongoriilmektedir.

GG kullanim1 zemin miihendislik 6zelliklerindeki
iyilesmelerin ~ smirli  mertebelerde  oldugu
gozlenmistir. Bu nedenle, {ist yapidan temel
zeminine gelecek diisey yiikiin  dikkatlice
hesaplanarak, @ GG  kullaninmi1  ile  zemin
iyilestirilmesinin yeterliliginin kontrol edilmesi
onerilmektedir. Ayrica, GG ile yapilan zemin
iyilestirmenin, karayolu temel dolgular1 gibi hafif
yike maruz yapt zeminlerinde uygun oldugu
diisiiniilmektedir.
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Oz

Elektro ¢ekim teknigi ile iretilen nanoliflere farkli fonksiyonel 6zellikler kazandirmak amacrtyla, polimer
cozeltilerine farkli aktif maddelerin eklenmesi yaygin olarak yapilan bir uygulamadir. Birgok bitkide
bulunan ve dogal bir fenolik asit olan gallik asit (GA) sahip oldugu avantajlardan (antienflamatuvar,
antioksidan vb.) dolayr nanolifler icerisinde katki maddesi olarak kullanilabilmektedir. Caligmada,
oncelikle farkli oranlarda GA igeren polivinil alkol/deiyonize su ¢ozeltileri hazirlanmig ve ¢ozelti
ozellikleri (ylizey gerilimi, iletkenlik, viskozite) tespit edilmistir. Daha sonra bu c¢ozeltilerden elektro
cekim yontemiyle nanolifler iiretilmistir. Uretilen nanoliflerin morfolojisi, alan emisyonlu taramali
elektron mikroskobu (FE-SEM) kullanilarak incelenmistir. Ayrica bir goriintii analiz yazilimi kullanilarak
ortalama nanolif caplar1 ve cap dagilimlar: 6l¢iilmiistiir. GA orani arttikca ¢ozelti viskozitesinin arttig1 ve
elektriksel iletkenliginin azaldig1 goriilmiistiir. Buna kargin, GA oraninin ¢dzeltilerin yiizey gerilimleri
iizerinde net bir etkisi olmamigtir. Ayrica GA oraninin artmasi ortalama nanolif ¢apinin artmasina neden
olmustur.

Anahtar kelimeler: Elektro ¢ekim, Nanolif, Polivinil alkol, Gallik asit, Morfoloji

Production and Morphological Characterization of Gallic Acid Loaded Polyvinyl
Alcohol Nanofibers via Electrospinning

Abstact

Adding of various active agents to polymer solutions is a common application in order to provide
different functional properties to nanofibers produced by electrospinning method. Gallic acid, which is
natural phenolic acid and found in various plants, can be used as additive for nanofibers due to its
advantageous characteristics (anti-inflammatory, antioxidant etc.). In the study, polyvinyl alcohol/distilled
water solutions containing gallic acid with different ratios were prepared and the solutions’ characteristics
(surface tension, conductivity, viscosity) were measured. Then, the nanofibers were produced from those
solutions via electrospinning method. The morphology of the electrospun nanofibers were investigated by
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field emission scanning electron microscopy (SEM). Also, average fiber diameter and variations were
calculated via an image analysis software. Increasing of viscosity and decreasing of conductivity of the
solutions were seen when GA ratio was increased. However, there was no effect of GA ratio on surface
tension of the solutions. Additionally, increasing of GA ratio caused to increase of average fiber diameter.

Keywords: Electrospinning, Nanofiber, Polyvinyl alcohol, Gallic acid, Morphology

1. GIRIS

Nanometre boyutunda ¢apa sahip olan nanolifler,
yiksek 0zgiil yiizey alani, yiiksek uzunluk/cap
orani1 gibi Ustiin Ozelliklere sahip olduklarindan
ilag salmimi, doku milhendisligi, filtrasyon,
kompozit malzemeler, optik sensorler gibi birgok
ileri diizey kullanim alani potansiyeline sahiptirler
[1-3]. Nanolif {iretim yontemleri igerisinde; diisiik
maliyet, uygulama kolayligi, tekrarlanabilirlik ve
endiistriyel {iretime uygunluk agisindan elektro
cekim yontemi en ideal yoOntem olarak One
cikmaktadir [4,5]. Elektro c¢ekim yonteminde
temel bilesenler olarak; yiliksek voltaj uygulamak
icin giic kaynagi, ¢ozelti beslemek i¢in siringa
pompast ile igne ve nanoliflerin toplanmasi igin
toplayici plaka kullanilmaktadir [6].

Polivinil alkol (PVA); suda ¢6ziiniirligii, hidrofil
yapisi, biyouyumlulugu ve dogal yapiskanligi gibi
avantajlarindan dolay1r nanolif {iretiminde sik
kullanilan bir polimerdir [7,8].

Elektro ¢ekim ¢ozeltilerine ¢esitli  biyoaktif
maddeler eklenerek iiretilen nanoliflere farkl
fonksiyonel  &zellikler  kazandirilabilmektedir
[9,10]. Antienflamatuvar, antioksidan, antitimor
ve antibakteriyel ozellikler gibi c¢esitli biyolojik
aktiviteye sahip olan gallik asit (GA) elektro ¢ekim
¢oOzeltilerine katk1 malzemesi olarak
eklenmektedir. Gallik asit (Sekil 1), birgok bitkide
bulunan dogal bir fenolik asittir [11,12].

O
HO OH
HO

OH
Sekil 1. Gallik asit (3,4,5 trihidroksibenzoic acid)
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Elektro g¢ekim yontemiyle GA kullanilarak elde
edilen nanolifler ile ilgili g¢esitli c¢aligmalar
mevcuttur. GA igerikli nanolif tabakalarinin, ilag
salmmmi ve aktif ambalaj malzemesi gibi
potansiyel uygulama alanlari {izerinde arastirmalar
yapilmistir [13-20].

GA  katkili  nanolif yiizeylerin  iretilmesi
¢aligmalarinda tagtyici polimer olarak polilaktikasit
(PLA) [13,14], polietilenoksit (PEO) [15,16],
seliiloz asetat (CA) [11,17] ve zein (Ze) [18,19]
gibi polimerler kullanilmustir. Ilgili ¢aligmalarda
GA  kullanimmin, genel olarak antioksidan
aktiviteye [12], antibakteriyel aktiviteye [18],
morfolojik [19,20], termal [16,20] ve mekanik [11]
ozelliklere etkisi lizerinde durulmustur.

GA katkili PVA nanoliflerine ydnelik bir
calismada, farklt GA katki oranlarinin (%?2,5, %5

ve %7,5) ylizey Ozelliklerine, antioksidan
aktiviteye ve termal dayanima etkisi tlizerinde
durulmustur. GA  katkih  PVA  electrospun

nanoliflerin termal dayanimda artig gézlemlenmis
ve antioksidan aktivitesinin oldugu tespit edilmistir
[10].

Polimer ¢ozeltilerine eklenen katki maddelerinin,
iiretilen nanoliflerin morfolojisini 6nemli derecede
etkiledigi bilinmektedir [10,11]. Tlgili literatiir
incelendiginde GA katkili PVA nanolifleri iizerine
sinirh sayida galisma yapildigr goriilmiistiir.

Mevcut literatiire katki sunmak adma bu
calismada, genis bir GA katki orami araliginda
(%2,5, %S5, %10, %20) PVA c¢ozeltileri

hazirlanmis ve ¢ozelti dzellikleri (ylizey gerilimi,
iletkenlik ve viskozite) detayli olarak analiz
edilmistir. Bu ¢ozeltilerden elektro  ¢ekim
teknigiyle nanolifler iretilmis ve nanoliflerin
morfolojik  6zellikleri, ¢ozelti  6zellikleriyle
iligkilendirilerek incelenmistir.
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2. MATERYAL VE METOT

2.1. Materyal

Calismada kullanilan polivinil alkol polimeri
(PVA, Mw 80.000 - 100.000 g/mol) ve gallik asit
(GA) Sigma Aldrich firmasindan satin alinmustir.
Cozicii  olarak deiyonize su kullanilmistir.
PVA/deiyonize su ¢ozeltisi, agirlikga %10’Tuk
konsantrasyonda bir manyetik karistirict ile
80 °C’de 3 saat boyunca karistirilarak
hazirlanmistir. Hazirlanan ¢ozeltilere polimeri
agirligina gore dort farkli oranda (%2,5, %5, %10
ve %20) GA eklenmis ve bir manyetik karistirict
ile oda sicakliginda 4 saat boyunca karistirilarak
elektro ¢ekim ¢ozeltileri hazirlanmigtir. Ay
zamanda GA igermeyen PVA/deiyonize su
¢ozeltisi de referans olarak kullanilmstir.

2.2. Metot

Calismada, iki adet yiiksek voltaj giic kaynagi
(+50 kV ve -50 kV, Gamma High Voltage®),
siringa pompast (New Era®/NE1000) ve sabit bakir
toplayict plakadan olugan bir elektro ¢ekim deney
diizenegi kullanilmigtir. Deney diizenegi kapali ve
yalitimlt bir kabin igerisindedir. Caligma sirasinda
tim fanlar devre dist birakilmigtir. Nanolifler,
aliiminyum folyo tizerine alinmustir.

GA katkili PVA nanoliflerinin  iiretiminde;
uygulanan voltaj, igne ucu-toplayict arast mesafe,
besleme hiz1 ve igne i¢ ¢ap1 sirastyla, 30 kV (+24
kV, - 6kV), 15 cm, 12 pL/min ve 0,51 mm olarak
sabit tutulmustur. Bu degerler; kesiksiz ve stabil
PVA nanolif iiretimi gdzlemlendigi icin segilmistir
[21]. Calisma, 25 °C sicaklik ve %40 rolatif nem
ortam sartlarinda gergeklestirilmistir.

Calismada kullanilan elektro ¢ekim ¢ozeltilerinin
viskozitesi, yiizey gerilimi ve elektriksel iletkenligi
strasiyla, Brookfield DV-III Ultra reometre cihazi,
Attention Theta optik tensiyometre cihazi ve Orion
4 Star Plus iletkenlik 6l¢iim cihazi ile 25 °C’de
tespit edilmistir.

GA icermeyen ve 4 farkli oranda GA iceren
PV A/deiyonize su ¢ozeltileri kullanilarak toplamda
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5 farkli nanolif numunesi iiretilmistir. Uretilen
PVA nanoliflerinin morfolojisi, alan emisyonlu
taramali elektron mikroskobu altinda (FE-SEM,
ZEISS-Gemini SEM 300) iki farkli biiyiitme orani
(6kX ve 15kX) uygulanarak incelenmistir. Nanolif
numunelerine, SEM analizi 6ncesi altin/palladyum
kaplamast  yapilmistir.  Nanolif  caplarinin
Olciilmesinde ImageJ programi kullanilmis ve her
nanolif numunesine ait goriintiilerden 50 Ol¢iim
almarak ortalama nanolif capt ve standart
sapmalar1 hesaplanmustir.

3. BULGULAR VE TARTISMA

Hazirlanan GA katkili elektro ¢ekim ¢ozeltilerine
ait ylizey gerilimi, iletkenlik ve viskozite degerleri
Cizelge 1°de verilmistir. Cizelge 1’e gore, GA
oranmin, ¢ozeltilerin yiizey gerilimleri lizerinde
artis ya da azalis seklinde net bir etkisinin
olmadig1 gorilmektedir. Benzer sekilde, PLA
¢ozeltisine %40’lilk GA eklenmesinin yiizey
gerilimine etki etmedigi literatiirde
gozlemlenmistir [14]. Literatiirde ayrica gallik
asitin suyun yilizey gerilimine etki etmedigi
yoniinde ¢aligmalar da mevcuttur [22]. GA orani
PVA agirhigina gore alindigi icin, toplam ¢ozelti
hacmine gore olduk¢a diigiik kalmigtir ve buna
paralel ¢ozeltilerdeki su miktar1 da diisiik oranda
degismistir. Bu nedenlerden dolayr ¢ozeltilerin
yiizey gerilimlerinde artma ya da azalma yoniinde
degisim olmadig: sdylenebilir.

Cizelge 1. GA katkili elektro ¢ekim ¢ozelti
ozellikleri

Ofﬁn gﬁﬁfnyu fletkenlik | Viskozite
%) | (mN/m) | ®S/em (cP)
0 40,2 728 483
2,5 39,3 654 495
B 41,2 641 563
10 41,1 625 362
20 39,2 613 3280

GA orani arttikga PVA ¢ozeltilerinin viskoziteleri
artmaktadir. CA [11,23] ve Ze [24] polimerinde de
benzer etki goriilmiistiir. Viskozitenin, molekiiller
arast van der Waals baglarn ile ilgili oldugu
bilinmektedir. Gallik asitin fonksiyonel hidroksil
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gruplarinin ¢ozeltilerdeki mevcut van der Waals
baglarin1 gii¢lendirdigi ve bu nedenle viskoziteyi
arttirdig1 sdylenebilir.

GA oramt arttikca ¢ozeltilerin  iletkenlikleri
azalmaktadir. Bu durum CA [11,23] ve Ze [24]

g
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Sekil 1. Farkli GA oranlarinda tiretilen PVA nano
b) %2,5, ¢) %5, d) %10, ¢) %20

Farkli GA katki oranlarinda {iretilen PVA
nanoliflerine ait SEM goriintiileri ve ¢ap
histogramlart1 ~ Sekil 1’de  verilmistir. SEM

goriintiileri incelendiginde ham PV A ve GA katkili
¢ozeltilerden %2.,5, %5 ve %10 oranlar1 igin
nanoliflerin tretildigi ve bu liflerin genel olarak
dairesel formda ve boncuksuz (bead formation)
olduklar1 tespit edilmistir. GA oraninin PVA
c¢ozeltisinin saf haldeki ylizey gerilimini olumsuz
yonde etkilememesi, tim GA oranlan igin
boncuksuz nanolif iiretiminin gerceklesmesini
saglamistir.

%20’lik GA orani igin tiretilen lifler mikro boyutta
capa sahiptirler. Bu durum, %20’lik GA katkili
PVA ¢ozeltisinin viskozitesinin, diger ¢ozeltilere
gore ¢ok yiiksek olmasiyla agiklanabilir. GA orani
arttikga PVA liflerinin iretimlerinin azaldigt SEM
goriintillerinden agik¢a goriilmektedir. Elektro
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polimerleri i¢in de benzer sekilde goriilmistiir. GA
oraniin artmastyla, PVA ¢ozeltilerinin viskozitesi
artmakta ve dolayisiyla iyonlarin hareketi daha zor
olmaktadir. iletkenligin azalmasinin, bu durumdan
kaynaklandig1 sdylenebilir.
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liflerinin SEM gorintiileri ve ¢ap histogramlari: a) %0,

¢ekim {retiminin, artan GA oranlarina baglh
viskozite yiikselmesinden kaynaklandig:
diistiniilmektedir. Sekil 2°de Farkli GA oranlarinda
iretilen PVA nanoliflerinin ortalama caplarindaki
degisim, grafik olarak verilmistir.
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Ham PVA nanoliflerinin ortalama ¢apt 180 nm
olarak 6l¢iilmiistiir. Elektro ¢ekim ¢ozeltilerine GA
eklenmesi ve oraninin arttirilmasi ortalama nanolif
capmni arttirmaktadir. PEO [16] ve CA [11]
polimerleri i¢in de benzer sonuglar goriilmiistiir.
Bu durum azalan iletkenlik ve artan viskozite ile
aciklanabilir.  Viskozite  artisi;  viskoelastik
kuvvetleri arttirarak polimer jetine uygulanan net
kuvvetin azalmasma ve dolayisiyla jetin daha
diisiik diizeyde germeye ve uzamaya maruz
kalmasimna neden olur. Ayni sekilde iletkenligin
azalmast da polimer jetine yiiklenen elektrostatik
kuvvetin ve buna paralel net kuvvetin azalmasina
neden olur. Her iki etkinin {iretilen nanoliflerin
kalinlagmasina neden oldugu sdylenebilir.

Sekil 2’den de goriilecegi iizere ortalama nanolif
capindaki artig oranlari, %10 ve %20’lik GA
katkilt numunelerde daha yiiksek c¢ikmistir. GA
katkist %2,5 ve %5 igin ortalama nanolif ¢aplari
sirastyla 232 nm ve 297 nm olarak Olgiiliirken;
%10 ve %20 igin caplar, 639 nm ve 1925 nm
olarak tespit edilmistir. Cizelge 1’de wverilen
iletkenlik degerlerinde azalma orani tim GA
oranlar1 i¢in birbirine yakinken, viskozite
degerlerinde artma orani ise 10% ve 20%’lik GA
oranlarinda yiiksek ¢ikmustir. Ozellikle 10% ve
20%’lik GA oranlarinda nanolif ¢aplarinda goriilen
yiiksek artis miktari, ¢dzelti viskozitesinde goriilen
bu yiiksek artis oranlariyla agiklanabilir. Ciinki

viskozitedeki ~ degisimin,  nanoliflerin  ¢ap
degisiminde birinci dereceden etkili oldugu
bilinmektedir [25].

4. SONUC

Calisma kapsaminda, farkli oranlarda GA katkili
PVA/deiyonize su elektro ¢ekim ¢ozeltileri
hazirlanmig ve ¢ozeltilerin viskozite, iletkenlik ve
yiizey gerilimi degigimi kontrol edilmistir.
Hazirlanan ¢ozeltilerden elektro ¢ekim teknigiyle
nanolifler {iretilmis ve iiretilen nanoliflerin
morfolojik  ozellikleri, ¢dzelti  ozellikleriyle
iligkilendirilerek incelenmistir. GA oram arttik¢a
PVA ¢ozeltilerinin  viskoziteleri artmakta ve
elektriksel iletkenlikleri azalmaktadir. Bununla
beraber, GA oranmn, c¢ozeltilerin  ylizey
gerilimleri iizerinde net bir etkisinin olmadig
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goriilmiistiir. En yiiksek GA katk: orani hari¢ tim
numunelerden nanoliflerin iretildigi ve bu liflerin
genel olarak dairesel formda ve boncuksuz (bead
formation) olduklar1 tespit edilmistir. %20°’lik GA
orani i¢in Uretilen lifler ise mikro boyutta ¢apa
sahip c¢ikmustir. Elektro c¢ekim c¢ozeltilerine GA
eklenmesi ve oraninin arttirilmasi ortalama nanolif
¢apinin armasina neden olmustur.
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Oz

Tekstil sektoriinde atiklarin minimize edilmesi ve geri doniigiimii son yillarda ilizerinde 6nemle durulan
bir konudur. Tiiketici 6ncesi ve tiiketici sonrasi atiklarin geri doniisiim islemi 6zellikle tekstil sektoriinde
yaygin olarak tercih edilmeye baslanmistir. Bu ¢aligmada, geri doniisiim pamuk karigimli siiprem 6rme
kumaglarin siklik, gramaj, kalinlik gibi ozellikleri ile hava gecirgenligi, kumas sertligi ve patlama
mukavemeti standartlara gore tespit edilmis ve elde edilen sonuglara gore geri doniisiim oraninin bu
ozelliklere etkisi degerlendirilmistir. Geri donilisiim pamuk katkili 6rme kumaglarda geri doniisiim orant
arttikga patlama mukavemetinin azaldigi, hava gecirgenliginin arttig1 ve kumas sertliginin azaldig: tespit
edilmigtir.

Anahtar Kelimeler: Geri doniisiim pamuk, Hava gecirgenligi, Kumas sertligi, Patlama mukavemeti

Determining the Effect on Performance Characteristics of Recycled Cotton Fiber
Ratio in Single Jersey Knitted Fabrics

Abstract

Minimization and recycling of wastes in the textile industry is an issue that has been emphasized in recent
years. Recycling of pre-consumer and post-consumer wastes has started to be widely preferred, especially
in the textile sector. In this study, properties such as density, weight, thickness, air permeability, fabric
stiffness and bursting strength of recycled cotton blended single jersey knitted fabrics were determined
according to standards and the effectiveness of the recycling rate was evaluated according to the results
obtained. It has been determined that as the recycling rate increases, the bursting strength decreases, the
air permeability increases and the fabric hardness decreases in recycled cotton-added knitted fabrics.

Keywords: Recycle cotton, Air permeability, Fabric stiffness, Bursting strength
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Siiprem Orme Kumaglarda Geri Déniisiim Pamuk Elyaf Oraninin Performans Ozelliklerine Etkisinin Belirlenmesi

1. GIRIS

Stirdiiriilebilirlik, ¢evre degerlerinin ve dogal
kaynaklarmm  akilct  yontemlerle  kullanilmasi
ilkesiyle ekonomik geligmenin saglanmasin
amaclayan c¢evreci diinya goriisii  olarak

tanimlanmaktadir. Tekstil ve hazir giyim sektorii
ozellikle son yillarda ¢evresel zararlar, atiklarin
minimize edilmesi, yeniden kullanim (re-use, up-
cyle, down-cycle) ve geri doniisim (re-cyle)
calismalar1 iizerine olduk¢a hizli bir ivmelenme
sergilemeye baglamistir. Tekstil ve hazir giyim
sektoriinde siirdiiriilebilirlik kapsaminda {izerinde
onemle durulan elyaf tiirii olarak pamuk ilk
siralarda yer almaktadir.

Pamuk, diinyadaki en yaygin kar getiren gida dis1
mahsuldiir. Uretimi diinya capinda 250 milyondan
fazla kisiye gelir saglamakta olup gelismekte olan
iilkelerdeki isciligin ortalama %7’si pamuk
iiretiminde kullanilmaktadir [1]. Su, yaz aylarinda
¢ogunlukla tercih edilen bir tisortiin ve her mevsim
giyilebilen pamuklu bir gdomlegin etiketinde yer
almayan 6nemli bir bilesendir.

Tek bir pamuklu t-shirt igin 2700 litre su
harcanmaktadir. Insanlarin ve doganin ihtiyaglarini
kargilamak i¢in mevcut tatli su miktar1 sinirhdir,
ancak talepler yildan yila artmaktadir. Suyu nasil
kullandigimiz konusunda daha akile1 davranmak
gerekmektedir Diinya Yaban Hayati Fonu, 1
kilogram pamuk iiretmek icin 20000 litre su
gerektigini, mevcut iiretim  yOntemlerinin
strdiirilemez oldugunu, atilan giysilerden geri
dontigiimle elde edilen pamuk kullanilarak tiiketici
sonrast geri doniistiiriilmiis iriin ile saf pamuk
ihtiyacinin azaltilip milyarlarca galon su tasarrufu
saglanabildigini belirtmistir [1].

Geri doniisiim, atik malzemeleri yeni malzeme ve
nesnelere doniistiirme islemidir. Bir malzemenin
geri doniistiirtilebilirligi, orijinal durumunda sahip
oldugu ozellikleri yeniden kazanma yetenegine
baglidir. Geri doniisiim, modern atik azaltma
sirecinde baglica Dbilesenlerden olup, “azalt
(reduce)-tekrar kullan (reuse) -geri doniistiir
(recyle)” atik hiyerarsisindeki {igiincii bilesen olup
giiniimiizde bu alanda 6nemli yol kat edilmig hatta
ileri doniisim (up-cycling) yapilarak siireg
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boyunca herhangi bir kalite kaybimin yasanmadigi
iretimler de gerceklestirilmistir [2].

Tekstil sektorii Diinya tizerinde ¢ok biiylik bir
ekonomik degere sahip olmakla birlikte c¢evresel
etkisi fazla olan sektorlerin de baginda
gelmektedir. Tekstil {iretim proseslerinde iiriin
agirhiginin %10-%100 arasinda degisen oranlarda
kimyasal tiiketimi olmakta ve bu kimyasallarin
%40-%60’1 atik su akisi ile uzaklastirilmaktadir.
Bu duruma ek olarak, her yil milyonlarca ton
tekstil materyali atilmaktadir. Tekstil tiretim
stireglerinde uzun siireli fayda saglama, yeniden
kullanim ve sonrasinda geri doniisiim dikkate
alimarak riin tasarim yapilmasi, sektori bu
konuda daha duyarli davranmaya siiriiklemektedir.
Tekstil sektoriinde geri doniisiime giden atiklar
genel olarak, imalat atiklar1 ve tiiketiciden gelen
atiklar olarak siniflandirilabilir. Tekstil sektoriinde
s6z konusu atiklarin minimize edilmesi ve geri
doniistimii {izerine bir¢ok caligma yapilmaktadir.
Bu c¢alismada, iplik {iretim asamalarinda atik
durumunda olan (tarak telefi, penye telefi gibi
telefler, pre-consumer olarak ifade edilen iiretim
atiklar1) materyalin mekanik yontemle geri
doniistiiriilerek harmanda orijinal pamuk elyafi ile
farkli oranlarda karistirilmasi ile geri doniisim
katkili elyaf elde edilmistir. Buradan elde edilen
geri doniligim katkili 6rme iplikleri ile siiprem
orme kumaglar tiretilmis, s6z konusu kumaglar
secilmig performans 6zellikleri ile kiyaslanmustir.

2. ONCEKI CALISMALAR

Giin ve arkadaslari, geri doniisiim liflerden iiretilen
coraplarin  boyutsal ve fiziksel o6zelliklerini
incelemiglerdir. Lif tipinin hava gecirgenligi
iizerindeki etkisi olduk¢a Onemli bulunurken
patlama mukavemeti {iizerinde geri dontigiimlii
kumasglar ve orijinal kumaslar arasinda 6nemli bir
fark gozlenmemistir. Geri donisim kumaglarin
hava gegirgenligi daha diisik ve boncuklanma
egilimi daha yiiksek bulunmustur. Asinma
dayaniminda ise kiitle kaybi yoluyla yapilan
degerlendirmede geri doniisiimden olanlarda daha
disik kiitle kaybi1 tespit edilirken hashk
degerlerinde daha iyi renk hasligi elde edilmistir.
Her ne kadar geri doniisiim liflerden elde edilen
ipliklerin ~ kalite ozellikleri orijinal (virgin)
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ipliklerden farkli olsa da genel olarak, geri
doniisiimlii kumaslarin ¢ok fazla kalite kaybina
ugramadan rahatlikla kullanilabilecegi ortaya
konmustur [3].

Doba Kadem, denim sektdriinde pamuk atiklarinin
geri doniigiimii iizerine yaptig1 deneysel calismada
atkis1 ve ¢ozgiisii geri donilisim pamukla (iplik
iiretim asamasinda elde edilen telefler, halat boya
telefleri gibi pre-consumer elyaf atig1) harmanda
karigtirllarak  {iretilmis denim kumas ile geri
doniisiim olmayan denim kumasin mukavemet
Ozelliklerini  karsilastirmustir. Caligmadan elde
edilen sonug, geri donisim pamuk elyafin
harmanda kullanilarak elde edildigi pamuklu
denim kumaglarda %15 kumas mukavemeti
kaybinin, performans 0&zelligi olarak denim
kumaslarda kullanim performansina fazla olumsuz
bir etkisi olmayacag diisiiniilmiistiir [4].

Wanassi ve arkadaglarinin ¢aligmasinda, atik iplik
geri doniisiim isleminden sonra elde edilen lifler
kullanilarak baska liflerle bu liflerin karigtirilmasi
ile karisim iplikler elde edilmistir. Mali, Yunan ve
Brezilya pamugu, iyi uzunluk ozellikleriyle
bilindigi icin geri doniistiriilmis elyafla
karigtinnlmak {izere secilmistir. Karigim oranlar
%100’e kadar farkli oranlarda olmak iizere bir
deney plani seklinde hazirlanmistir. Elyaf testleri
yapilarak liflere ait Ozellikler tespit edilmis,
egrilebilirlik indeksi hesaplanmigtir. Sonuglar
incelendiginde Mali pamugu ile yapilan karisimin
uygulamada kullanilmak i¢in en uygun elyaf
ozelliklerine sahip oldugu goriilmiistiir. Ayrica bu
karigimlarin - daha  diisik  maliyetle elde
edilebilecegi tespit edilmistir. Iplikte artan geri
doniistiiriilmiis 1lif orani ile karisimli ipligin ince
yer, kalin yer, neps ve pirizliliigliniin artti1
sonucuna vartlmistir [5].

Doba Kadem ve Ozdemir, denim iizerine yaptiklart
calisma ile tiiketici kullanimi sonrast geri
doniistiirtilmis elyaflar kullanilarak iiretilen denim
kumas ile aym konstriiksiyondaki orijinal denim
kumasin bazi konfor ozellikleri tespit edilerek
birbirleriyle karsilagtirilmigtir. Kumaslarin
iiretiminde aym1 harmandan pamuk iplikleri
kullanilmigtir.  Kullanic1 sonrasit geri  doniisiim
(post-consumer) prosesinden elde edilen elyaf,
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¢ozgi ipligi harmanina %20 oraninda karistirilmis
olup %79 pamuk elyafi referans denim ile ayni
harman olarak secilmistir. Iki kumas ta aym
terbiye  islemlerinden  gegirilmistir.  Denim
kumaslarin hava gegirgenligi, egilme dayanimi ve
yikamadan sonraki boyut degisimi standartlara
gore tespit edilmis ve elde edilen sonuglara gore
s6z konusu geri donilisim isleminin denim
iiretiminde etkin bir sekilde kullanilabilecegi tespit
edilmistir [6].

Kertmen ve arkadaslari, ¢esitli karisimlarda pamuk
ve atik pamuk (pre-consumer) kullanilarak oriilen
siprem  kumaglarin  secilmis  dzelliklerini
degerlendirerek  geri  doniisiimiin  performans
ozelliklerine etkisini yorumlamigtir. Bu ¢alismada
%100 orijinal pamuk, %95 orijinal+ %5 geri
doniisiim pamuk ve %90 orijinal pamuk+ %10 geri
donilisiim pamuk harmanlar1 kullanilarak Ne 20/1
open-end iplikler {iretilmistir. Uretilen iplikler
kullanilarak elde edilen kumaglara patlama
mukavemeti, boncuklanma, 1s1l direng ve su buhari
gegirgenligi  gibi  bazt  konfor  &zellikleri
belirlenmistir. %100 orijinal pamuktan Oriilmiis
kumasin patlama mukavemetinin geri
donistiriilmiis elyaf katkilt 6rme kumasa gore
daha yiiksek patlama mukavemetine sahip oldugu
tespit edilmistir. Yapilan testler sonucunda iplik
yapisinin termal konfor iizerinde fazla bir etkisi
olmadig1 goriilmiistiir. %10 geri doniisiim pamuklu
iplikten Oriilmiis kumaglar daha diisiik su buhari
geeirgenligi saglamistir [7].

Jamshaid ve arkadaslar1 caligmalarinda, egirme
firelerini degerlendirmek ve katma degerli bir
iriine doniistiirmek i¢in, farkli iplik teleflerinden
ve pagavralardan geri kazanilan farkli elyaf
karisimlarin1  kullanarak bir g¢alisma yapmustir.
Calismada %100 geri doniisim materyallerden
open end ipliklerin {iretilmesi hedeflenmistir.
Maliyet hesaplamasi yapildiginda geri doniisiim
liflerden elde edilen iplik maliyetinin referans
ipliklere gore daha ucuz oldugu goriilmiistiir. HVI
testleri sonucunda, iplik telefi ve pacavra telefi
karsilastirildiginda iplik telefinin daha iyi lif
uzunluguna ve homojenlige sahip oldugu
gozlenmistir. Harmanlanmig iplik telefinden
iretilen ipliklerin, pagavra atik karisimli iplige
gore daha az iplik diizgiinsiizligiine ve daha iyi
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¢ekme mukavemetine sahip oldugu tespit
edilmistir [8].
3. MATERYAL VE METOT

Calismada geri doniisiim pamuk elyafinin orijinal
pamuk elyafi ile harmanda karistirilarak elde
edildigi Ne 20/1 open-end ipliklerle siiprem 6rme
kumaslar iretilmistir. Geri doniisiim prosesinden
elde edilen elyaf, orijinal (virgin) pamuk
harmanina %10 (%90 orijinal pamuk), %15 (%85
orijinal pamuk) ve %20 ( %80 orijinal pamuk)
oraninda karigtirllarak ¢ farkli iplik ve bu
ipliklerden ii¢ farkli 6rme kumas elde edilmistir.
Geri doniistimlii 6rme kumaslarin iplik numaralari
Ne 20/1 ve iplik biikiim degeri 680 t/m’dir.

Calismada kullanilan geri doniisiim karisimli
ipliklerin 6zellikleri Cizelge 1.’de, s6z konusu
ipliklerden elde edilen kumasglarin iiretiminin
yapildig1 makinenin teknik 6zellikleri ise Cizelge
2.’de verilmistir. Cizelgelerde A,B ve C kodlu
numunelerin agiklamasi asagida verilmistir.

A: %20 geri doniisiim pamuk elyaf katkili
B: %15 geri doniistim pamuk elyaf katkilt
C: %10 geri doniisiim pamuk elyaf katkili
Ref: Orijinal (%100 pamuk hammaddeden)

Cizelge 1. Siiprem kumaglarin iplik 6zellikleri
Numune kodu

Iplik test sonuglar: Ref. A B C
Rkm (km) 10,74 110,04 | 10,57 | 10,65
U% 10,45 | 11,12 110,88 | 10,49
CVm 13,17 [ 14,01 | 13,7 | 13,21
Kopma uzamast (%) 3,56 | 3,43 | 3,79 | 3,59

Ince yer (-50) (say1/km) 3,2 8 6 3,5

Kalin yer (+50) (sayvkm) | 12,5 29 31,5 12
Neps (+280) (sayr/km) 0,46 8 6 0,5
Tiylilik (H) 4,75 | 5,15 | 5,31 5

Cizelge 1’de +280 seklinde gosterilmekte olan
neps degeri, ortalama iplik kalmliginin %280'i
kadar kalin yer hatasi olan deger olup, diger
karigim oranlarina gore %20 geri doniisimde daha
yiiksek tespit edilmistir. Cizelge 1.
degerlendirilecek olursa, iplik iiretim agamasinda
ortaya ¢ikan pamuk atiklarindan (pre-consumer)
elde edilen geri donlisim elyafin pamuk
harmaninda kullanim oraninin artmasi ile iplik
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diizgiinsiizliigii ve bazi iplik hatalarinin (ince yer,
neps) arttifi  ancak buna ragmen iplik
mukavemetinin (Rkm) degerinin bu durumdan
olumsuz etkilenmedigi s6ylenebilir.

Stiprem kumaslarin bazi fiziksel 6zellikleri (ilmek
siklig1, gramaj ve kumas kalinligi) ve performans
ozellikleri (kumas sertligi ve hava gegirgenligi),
%65 bagil nem ve 20 °C sicaklikta kumasglar

kondiisyonlandiktan sonra  standartlara  gore
Olciilmiistiir.
Geri donlisim 6rme kumaglarin  performans

ozelligi olarak hava gegirgenligi TS 391 EN ISO
9237 [9] standardina gore, kumas sertligi
(stiffness) ise ASTM D4032-94 [10] standardina
gore tespit edilmistir.

Cizelge 2. Orme makinesi teknik dzellikleri

Makine modeli Pilotelli 2007
Pus/Fein 32/22 inch
Sistem Sayist 96

Ilmek uzunlugu 29 cm/100 igne

4. BULGULAR

Stiprem 6rme kumaslarin fiziksel 6zellikleri olarak
gramaj, ilmek ve c¢ubuk sikligi, kalinlik degerleri
sirastyla Cizelge 3-6.’da karsilastirilmistir. Orme
kumaglara ait may donmesi degerleri de
Cizelge 7°de verilmistir. Cizelgelerden goriildiigii
gibi, %10, %15 ve %20 geri doniisiim oranlarinin
degisimi, kumaslarin s6z konusu fiziksel
ozelliklerinde dikkate deger bir farklilik ortaya
koymamugtir. Birbirine yakin degerlerin tespit
edilmesi, geri doniigiim elyaf kullaniminin bu tiir
kumaglarda kullanilabilirligini artiracak yonde
yaklasim olabilecegine isaret etmektedir.

Cizelge 3. Orme kumaslarim gramaj degerleri

. Gramaj (g/m®)
Olg¢iim no Ref. A B C
1 1635 | 1623 163,5 | 1704
2 1623 | 159,1 160,0 | 1584
3 159,7 | 1583 1595 | 1672
Ortalama | 161,8 | 1599 | 161,0 | 1653
sst:gri? 1943 | 2,117 | 2,179 | 6214
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Cizelge 4. Orme kumaslarm cubuk  siklig

degerleri
.. Cubuk sikhig1 (adet/cm)
Ol¢iim no
Ref. A B C
1 12 11 11 12
2 12 11 11 11
3 12 10 11 11
4 12 11 11 11
5 12 11 11 12
Ortalama 12 10,8 11 11,4
Standart sapma 0 0,447 0 0,548

Cizelge 5. Orme kumaslarm ilmek siklig1 degerleri
ilmek Sikhig (sira sikhgy/cm)

Ol¢iim no

Ref. A B C

1 17 17 17 16

2 17 16 16 17

3 17 16 17 16

4 17 17 17 17

5 17 16 17 16
Ortalama 17 164 | 16,8 | 16,4
Standart sapma 0 0,548 | 0,447 | 0,548

Cizelge 6. Orme kumaslarm kalinlik degerleri
Kumas kalinhigi (mm)

Olsimno "o T A B C
1 0,58 | 0,55 | 0,57 | 0,57
2 0,58 | 0,57 | 0,55 | 0,56
3 0,58 | 0,57 | 0,57 | 0,56
4 0,56 | 0,56 | 0,57 | 0,58
5 0,56 | 0,56 | 0,57 | 0,56
6 0,56 | 0,57 | 0,56 | 0,58
7 0,58 | 0,56 | 0,57 | 0,58
8 0,58 | 0,57 | 0,57 | 0,58
9 0,57 | 0,56 | 0,57 | 0,58
10 0,57 | 0,57 | 0,55 | 0,57
Ortalama 0,572 | 0,564 | 0,565 | 0,572
Standart sapma | 0,009 | 0,007 | 0,008 | 0,009

Numunelerin SEM- Taramali elektron mikroskobu
yardimiyla 400 biiylitme orani kullanarak alinan
goriintiileri Sekil 1,2,3 ve 4’te gosterilmektedir.

Sekil 4. Orijinal kumas SEM goriintiisii
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SEM goriintiilerinde ii¢ kumasta da ipliklerde
benzer bir goriintli olmakla birlikte (hammadde
olarak {ici de pamuk lifi oldugundan) geri
doniisiim  karisim1  olan  kumaglardan alinan
goriintiide iplik yapisinin orijinal kumastaki gibi
diizgiin bir yapida olmadig1 goriilmektedir.

Kumaslara ait may dénmesi Cizelge 7.’de, patlama
mukavemeti test sonuglar1 Cizelge 8’de verilmistir.
Ilmek satir ve ilmek siitunu arasindaki aginin 90
dereceden sapma degeri olarak tespit edilen may
donmesi kumasta istenmeyen bir durumdur ve
6rme kumaslarda kabul edilebilir deger maksimum
5°tir [12]. Cizelge 7°de may donmesi 1,2 ile 1,6
araliginda degismektedir. Orme kumaslarin geri
doniisim oranlarindaki farklilik diginda, may
donmesinde etkili olan rgii yapist (sliprem orgii),

Cizelge 8. Numunelerin patlama mukavemeti

degerleri
Olgiim no Patlama mukavemeti (Pa)
Ref. A B C
1 225 184 197 211
2 219 208 206 205
3 197 200 199 214
4 211 201 206 187
5 223 196 203 211
Ortalama 215 197,80 | 202,2 | 205,6
Standart sapma | 11,402 | 8,843 | 4,087 | 10,900

Kumaglara ait hava gegirgenligi test sonuglari
Cizelge 9’da, kumas sertligi ise Cizelge 10’da
verilmistir.

Cizelge 9. Kumaslarin hava gegirgenligi degerleri

iplik biikiimii (kumaslarin bitkiimii 680 t/m), ilmek Olgiim no ;‘gva Gez‘rge“"gl; (mm/ s‘g
sikligr ve ¢ubuk sikligi gibi &zelliklerin benzer 1 3 B B E
o!me.ls.l nedeniyle may donmesi svon}lglar"l da 2 10 12 11 12
birbirine yakin bulunmustur. Bu degerin yiiksek 3 3 2 2 11
¢tkmamasi igin genellikle dengeli 6rgili yapilarinda 4 10 12 11 11
Orme (6rnegin 1x1 ribana) tercih edilmektedir. 5 9 12 12 12
6 8 12 12 12
Cizelge 7. Numunelerin may donmesi 7 8 12 11 12
o May donmesi (derece) 8 10 12 12 12
Olgimno o o1 B C 9 0 | 11 | 11| 13
1 2 3 2 3 10 9 12 11 12

5 1 1 B 1 Ortalama siire (sn) 9 11,9 11,5 11,8

3 1 1 1 1 Standart sapma 0,943 | 0,316 | 0,527 | 0,632

4 1 0 1 1 Hava gegirgenligi | 751,5 |993,65 | 960,25 | 985,3

5 2 1 2 2 . . . . .

rtalama 14 12 16 6 Cizelge 10. Kumaslarin sell;thk (stlsffng.svs.) degerleri
Standart sapma | 0,548 | 1,095 | 0,543 | 0,894 Olgiim no umas Serdigl &)
1 113 94 119 106
Cizelge 8’de oOrme  kumaslarin  patlama 2 117 71 75 90
mukavemeti sonuglarinin birbirine yakin oldugu 3 121 43 76 121
tespit edilmistir. Kumas Orgii yapisi, kumasi 4 110 79 85 79
olusturan ipliklerin mukavemeti gibi Onemli 5 115 94 79 114
faktorler patlama mukavemetini etkilemektedir. 6 127 95 74 85
Cizelgeden de goriildigii gibi, %100 pamuk 6rme 7 125 40 52 100
kumasta 215 Pa patlama mukavemeti tespit 8 117 87 82 70
edilmisken harmana %20 geri doniisiim pamuk 9 105 105 93 73
katilmasi ile elde edilen 6rme kumasin patlama Ortil(z)ima }(1)(5) 76742 2:63; 915219

mukavemeti  197,8  ile  en diisik  degerde Standart sapma | 8,446 | 22,400 | 23,399 | 19,267

bulunmustur. Ancak, iplik mukavemeti ve kumas
yapisinin ¢ok benzer olmasi, sonuglar arasinda
kabul edilebilir bir durumu ortaya koymustur.
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Orme kumaslarda hava gegirgenliginin geri
doniistim pamuk katkili kumaglarda daha yiiksek
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oldugu Cizelge 9’dan goriilmektedir. Lif tipinin
hava gegirgenligi iizerindeki etkisinin Onemli
oldugu gerceginden hareketle, c¢alismada test
edilen kumaslarin pamuk ve geri doniisiim pamuk
katkil1 olmalar1 nedeniyle, lif tiirii ayn1 oldugundan
geri  donisim  pamuk  katkisinin  hava
gecirgenligine etkisi bakimindan kumaslarin
aralarinda olumsuz bir fark gzlenmemistir. Ancak
geri donilisim kumaslarda orijinal kumasa gore
daha gdzenekli bir yapt oldugu ve bu durumun
hava gegirgenligini bir miktar artiric1 etki yaptigi
diigiiniilmektedir.

Kumas sertligi (stiffness) olarak test sonuglari
degerlendirildiginde, geri doniisiim pamuk katkili
iic kumas birlikte degerlendirildiginde, %10 geri
doniisiim pamuk katkili 6rme kumasin tutumu
digerlerinden daha sert olarak tespit edilmistir.
Geri doniigiim orani arttikga kumasin tutumunun
daha yumusak oldugu goriilmiistir. %10 geri
doniistimli  6rme kumagin gerek  sikliginin
digerlerinden daha yiiksek olmasi gerekse daha
kalin olmasi gramaji daha yiiksek olan bu kumasin
sertlik degerinin daha yiiksek ¢ikmasma neden
olmustur. Bu da, beklenen bir durumdur.

5. SONUCLAR

Bu calismada, iplik iiretim agamalarinda atik
durumunda olan (tarak telefi, penye telefi gibi
telefler) materyalin mekanik yontemle geri
dontstiiriilerek harmanda orijinal pamuk elyafi ile
farkli oranlarda karistirilmasi ile geri doniisim
pamuk katkili elyaf edilmistir. Geri doniisiim
prosesinden elde edilen elyaf, orijinal (virgin)
pamuk harmanina %10 (%90 orijinal pamuk), %15
(%85 orijinal pamuk) ve %20 ( %80 orijinal
pamuk) oraninda karistirilarak ti¢ farkli iplik ve bu
ipliklerden ii¢ farkli 6rme kumas elde edilmistir.
S6z konusu kumaglarin performans 6zellikleri
standart sartlarda test edilerek orijinal pamuklu
orme kumas ile kiyaslanmistir. Buna gore; geri
doniigiim oraninin artmasi ile patlama mukavemeti
diismiis, hava gecirgenligi artmis, kumas daha sert
bir tutum almistir. Her ne kadar geri doniisiim
orani arttik¢a 6zellikle iplik diizgiinsiizligi artmis
olsa da genel olarak test edilen tiim 6zellikler igin
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%10, %15 ve %20 geri doniisiim oranli siiprem
orme kumaslarin hava gecirgenligi, patlama
mukavemeti ve kumas sertligi olarak birbirine
yakin degerler tespit edilmistir. Orijinal pamuklu
kumas ile diger kumaslar kiyaslandiginda, iplik
diizgiinsiizliigii ve baz1 iplik hatalarinin (ince yer,
neps) arttigi ancak iplik mukavemetinin bu
durumdan olumsuz etkilenmedigi gorilmiistiir.
Bugiine kadar yapilmis benzer ¢aligmalarda da geri
doniisim elyaf kullaniminin kumas kalitesinde
performans Ozellikleri agisindan kabul edilebilir
seviyede oldugu, iplikte artan geri doniistiirilmiis
lif oranimin karigimli ipligin iplik diizgiinstizligi
ve ince yer, kalin yer, neps miktarini artirdigi
sonucuna vartlmstir [4,5]. Ancak, geri doniigim
elyaf maliyetinin, orijinal elyaf {iretiminden daha
az maliyete imkan verebilmesi, geri doniigim
pamuktan elyaf kullanim oraninin artirilarak {irin
cesitliliginin artirilmast ile ham madde kaynak
kullanimina 6nemli katki saglanabilecegini ortaya
koyulabilmektedir. Boylece {iriin performansi ¢ok
fazla kayba ugramadan kaynaklarin verimli
kullanimi saglanabilecektir.

Diinyada kaynaklarin  kullaniminda yasanan
bilingsiz ~ davranmislar, Ozellikle tekstil ve
konfeksiyon sektorii gibi ekonomik alanlari 6nemli
oranda etkilemektedir. Amag, st diizey geri
doniisim saglayarak Triine deger katmak ise,
sifirdan pamuk tretip kiyafet yapmak yerine
tilketim Oncesi/tiiketim sonrasi atik kaynaklardan
elde edilen pamuk ile hem dogal kaynaklar
duyarsizca kullanilmamis olur hem de enerji ve su
tasarrufu saglanarak dogaya verilen zarar 6nemli
olgiide azaltilir. Ozellikle pamuk gibi tekstil
liflerinin geri doniisiimii, bu kadar kiymetli olan
bir malzemenin kullanim alanmi dikkate alindiginda,
%100 geri doniisim elyaftan {iriin eldesi giin
gegtikce onem kazanmaktadir.
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Oz

Evrimsel Algoritmalar (EA’lar), ag tasarimi problemleri, yol bulma problemleri, sosyal ve ekonomik
planlama gibi karmagsik optimizasyon problemlerini ¢6zmek i¢in yaygin olarak kullanilan algoritmalardir.
Kullandiklart akilli yontemler sayesinde EA’lar, yeni ¢oziimler tiretmek icin ilk ¢oziimii, yinelemeli
olarak, iyilestirirler. Siklikla kullanilan EA'lardan biri Pargacik Siirii  Optimizasyonu (PSO)
algoritmasidir. PSO algoritmasi, siiriiniin sundugu en iyi sonug ile siiriideki her bir bireyin en iyi
sonuglarini temel alarak, verilen bir fonksiyonunun optimum degerine ulasir. PSO basarili bir algoritma
olmasina ragmen, sadece en iyiyi temel alan yapisi sebebiyle, belli bir diizene sahip olmayan, aldatic
fonksiyon tiirlerinde, lokal degere sikisip optimum degere ulagsmayabilmektedir. Bu makalede, daha 6nce
yapmis oldugumuz bir ¢caligmadan ilham alarak, PSO’ya bipolar davranis eklenerek, yeni bir algoritma
olan Bipolar Pargacik Siirii Optimizasyonu (BPSO) sunulmustur. BPSO algoritmasinda, PSO’da oldugu
gibi sadece en iyi bireylerin degil, kotii bireylerin de algoritmanin isleyisine katilmasma olanak
saglanmistir. BPSO algoritmasinin performansini, standart PSO algoritmasinin performansiyla ile
kiyaslamak icin on test fonksiyonu kullanilmigtir. Test sonuglarina gore, BPSO, standart PSO’ya gore
daha basarili sonuglar sunmustur.

Anahtar Kelimeler: Bipolar eslesme egilimi, Evrimsel algoritmalar, Pargacik siirii optimizasyonu

Bipolar Particle Swarm Optimization Algorithm

Abstract

Evolutionary Algorithms (EAs) are commonly used algorithms to solve complex optimization problems
such as network design problems, pathfinding problems, social and economic planning. Thanks to the
intelligent methods they use, EAs iteratively refine the initial solution to generate new solutions. One of
the frequently used EAs is the Particle Swarm Optimization (PSO) algorithm. PSO algorithm reaches the
optimum value of a given function based on the best results offered by the swarm and the best results of
each individual in the swarm. Although PSO is a successful algorithm, due to its structure based only on
the best, it may not reach the optimum value by being stuck in the local value in deceptive function types
that do not have a certain order. In this paper, by inspiring from a previous study, bipolar behavior was

*Sorumlu yazar (Corresponding author): Mashar Cenk GENCAL, masharcenkgencal@ardahan.edu.tr
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added to PSO and a new algorithm, Bipolar Particle Swarm Optimization (BPSO), is presented. In the
BPSO algorithm, as in PSO, not only the best individuals but also the bad individuals are allowed to
participate in the process of the algorithm. Ten test functions were used to compare the performance of
the BPSO algorithm with the standard PSO algorithm. According to the test results, BPSO offered more

successful results than the standard PSO.

Keywords: Bipolar mating tendency, Evolutionary algorithms, Particle swarm optimization

1. GIRIS

Evrimsel algoritmalar (EA’lar), biyolojik evrimden
ilham alan ve genellikle dogadaki canlilarin
davraniglarini taklit eden meta-sezgisel
algoritmalardir. Dogay1 taklit ederek modellenen
EA’larin, optimizasyon problemlerinde sundugu
basarili sonuglar yeni diisiinceleri dogurmus ve
boylelikle EA’lar, literatiirde siklikla kullanilan
algoritmalar olmaya baslamiglardir.

Rassalligi temel olan arama siiregleri, ¢oziimlerden
(bireyler) olusan bir grubu (popiilasyon) optimum
degere(lere) ulagmak i¢in kullanir. Bir EA, temel
olarak, baslangi¢ popiilasyonu adi verilen
potansiyel ¢oziimleri rastgele olusturarak siirecine

baglar. Baslangi¢c popiilasyonu olusturulduktan
sonra,  algoritma  uygunluk  fonksiyonunu
kullanarak, popiilasyondaki her bir bireyin

uygunluk degerini belirler. Daha sonra, biyolojik
evrimden ilham alan siiregleri baslar: secim,
caprazlama ve mutasyon.

Bir sonraki neslin popiilasyonu, olusan yeni
bireyler ile mevcut popiilasyondaki bireylerden
seckin olanlar1 secilerek (Elitism) olusturulur.
Algoritma, olusan yeni nesli kullanarak sec¢im
asamasina doner ve sonlandirma kriterleri (ya
optimum ¢6ziim bulunur ya da maksimum nesil
sayisina ulasilir) karsilanana kadar adimlar
tekrarlar.

Pargacik siiriisii optimizasyonu (PSO) gibi bir¢ok
EA, optimal degere yakin bir ¢6ziim bulduklarinda
arama alanm aragtirmayl birakma egilimindedir.
Kesfetmekten  (exploration)  vazgecmelerinin
nedeni, kesfedilen alami kullanmanin optimal
coziimii gelistirdigine dair yaygin bir inangtir.
Ancak, iyi bir ¢6zlim tercih edildiginde, ortalama
veya zayif ¢oziimler (cogunlukla) yeniden iiretim
siirecinden ¢ikarilir. Bu nedenle, daha az elverisli
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bireylerde bulunan belirli miktardaki genetik
materyal  kaybedilmis  olur. Bu  durum
popiilasyonun genetik c¢esitliliginin kaybolmasina
ve algoritmanin yerel minimumlara takilip
kalmasina ya da erken yakinsamasina neden
olabilmektedir.

PSO algoritmast her ne kadar optimizasyon
algoritmalarinda basarili sonuglar sunsa da, belli
bir diizene sahip olmayan ya da aldatic1 bir yapiya
sahip olan fonksiyon tiirlerinde, beklenen ideal
sonucu sunmayabilmektedir.

Bu makalenin amaci, standart bir PSO’nun
karsilasacagi yukarida bahsedilen durumlar igin,
algoritmanin performansini iyilestirmektir. Bu
sebeple, daha o©nce yapmis oldugumuz bir
calismadan esinlenerek, standart PSO’ya bipolar
davranmis eklenmis ve yeni bir algoritma olan
Bipolar Pargacik Siirii Optimiszasyonu (BPSO)
tanitilmistir. BPSO algoritmasinda sadece en iyi
bireylerin degil, kotii bireylerin de eslesmeye
katilmas1 saglanmis ve bdylece popiilasyondaki
genetik  cesitliligi artirmak ve algoritmanin
kesfetme yetenegini gelistirmek amaglanmustir.

Onerilen iyilestirmelerin performansa katkisini
belirlemek i¢in, BPSO, standart PSO ile test
fonksiyonlar1 lizerinde karsilastirilmustir.

Bu makale su sekilde diizenlenmistir: Ikinci
boliimde, literatiirde yaygin olarak kullanilan ve
PSO’yu temel alan algoritmalar ile ilgili bilgiler
sunulmug ve TUgiincii boliimde ise, sunulan
yonteme ilham kaynagi olan algoritmalar ilgili
bilgiler verilmistir. Dordiincii boliimde, bipolar
PSO algoritmas1 sunulurken, besinci bolimde
kullanilan test fonksiyonlar: ile ilgili bilgiler

verilmis, yapilan testler ve test sonuglari
gosterilmistir, makale 6. Bolim ile
sonlandirilmistir.
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2. ONCEKIi CALISMALAR

PSO’yu temel alan algoritmalara ilk &rneklerden
biri Evrimsel PSO (Evolutionary Particle Swarm
Optimization) dur [1]. Evrimsel PSO algoritmasi,
PSO algoritmasina mutasyon ve se¢im ydntemi
ekleyerek olusturulmustur. Popiilasyondaki her bir
bireye, bir agirlilk degeri verilmis ve Gauss
dagilimi  kullanilarak bu degerler mutasyona
ugratilmigtir [1]. Se¢im yontemi olarak ise standart
turnuva yontemi kullanilmustir [2].

PSO’nun ¢ikisindan sonraki ilk yillarda yapilan bir
diger calisma ise Uygunluk-Mesafe-Oran PSO
(Fitness-Distance-Ratio Particle Swarm
Optimization) algoritmasidir [3]. Bu algoritmada,
her bir pargacik kendisinin ve siiriiniin en iyi
degerini  kaydetmekle birlikte, ayni zamanda
cevresindeki pargaciklarla da irtibat halindedir.
Parcaciklar, belirli bir alanda bulunan [3]
komsularinin  uygunluk degerine de bakarak
hareket etmektedirler. Bu c¢alismanin sunuldugu
sempozyumda, PSO’yu temel alan, dikkate deger
bir diger ¢alisma ise Gauss Mutasyonu ile PSO’dur
(Particle Swarm Optimization with Gaussion
Mutation) [4]. Bu c¢alismada, yaygin olarak
kullanilan ~ bir diger EA olan  Genetik
Algoritmalarin (Genetic Algorithms, GAs) [5]
mutasyon asamasi, PSO’ya eklenmistir. Standart
bir GA’dan farkli olarak, mutasyon i¢in rastgele
segilen bireylerin konumlari, Gauss dagilimi
altindaki olasilikla belirlenmistir [4]. Esmin ve
arkadaslar1 [6] da, GAs’nin mutasyon asamasini
PSO’ya eklemis, ancak Gauss dagilimi kullanmak
yerine, rassalliga dayali bir formiille [6]
mutasyonu gergeklestirmislerdir.

Juang, 2004 yilinda, PSO ve GAs’yi birlikte
kullanan hibrit bir yontemi tanitmustir [7].
Algoritma, baslangigta, bir GA olarak g¢alistirilmis
ve bir sonraki nesil i¢in segkin bireyler seg¢ilmistir

(Elitism). Seckin bireyler, PSO algoritmasi
kullanilarak daha iyi bireylere gelistirilmis ve yeni
nesil  gelistirilen bu  bireyler kullanilarak
olusturulmustur.

Bir diger ¢alismada, Zhan ve arkadaslari, standart
PSO’dan daha iyi bir arama sunduklari,
Uyarlanabilir PSO (Adaptive Particle Swarm
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Optimization, APSO) algoritmasini tanitmislardir
[8]. Standart PSO’yu temel alan algoritma, iki
temel adimdan olusmaktadir: tahmin prosediiri,
seckinci yaklasim. Tahmin prosediiriinde, ilk
olarak, popiilasyon dagilimi ve pargacik
uygunlugu degerlendirilir. Her nesilde kesif
(exploration), somiirli (exploitation), yakinsama
(convergence) ve atlama (jumping out) dahil olmak
tizere dort tanimlanmis evrimsel durumdan biri
gerceklestirilerek, algoritmanin kontrolii
saglanmaya calisilir. Seckin yaklasimda ise, olasi
yerel optimumdan kurtulmak icin, global en iyi
pargacik lizerinde atlamalar gergeklestirilir.

Pedersen ve arkadaglari, Yerel Tek Modlu
Ornekleme (Local Unimodal Sampling) yontemini,
bir meta-iyilestirici olarak, PSO algoritmasinda
kullanmiglar ve bu yeni yonteme basitlestirilmis
PSO adin1 vermislerdir [9]. Her bir problem tiirii
icin, o probleme ait en uygun PSO parametrelerini
belirlemis ve yeni yontemlerini yapay sinir agi
problemlerinde uygulamiglardir.

Son yillarda yapilan bir ¢aligmada, standart PSO
algoritmasindaki parcacik (particle) degerlerinin,
¢oziim degerlerinden ziyade, olasilik dagilimlarini
temsil ettigi ve PSO giincellemesinin olasilik
dagilimlarint degistirdigi, Tamsay1 ve Kategorik
PSO (Integer and Categorical PSO, ICPSO)
algoritmast tanitilmistir [10]. Bu algoritmada,
stirekli (continuous) degiskenler yerine, soyut
(discrete) degiskenler kullanilmistir.

Wang ve arkadaslari, 2018 yilinda, uyarlanabilir
O0grenme stratejisini (adaptive learning strategy)
PSO’ya  ekleyerek  hibrit  bir  algoritma
olusturmuslardir [11]. Uyarlanabilir Ogrenme
tabanli PSO (Adaptive Learning based PSO,
ALPSO) adin1 verdikleri bu yeni yaklagimla, siirii
yapist O0greniminin ve parcgaciklarin yerel arama
stratejisi 6greniminin iyilestirilmesine
odaklanmuslar, kesif ve somiirii arasindaki dengeyi
saglayabildikleri i¢in standart PSO’dan daha
basarili sonuglar elde ettiklerini iddia etmislerdir.

2020 yilina gelindiginde, Darwish ve arkadaslari,
ortogonal O0grenme PSO (orthogonal learning
particle swarm optimization, OLPSO)
algoritmasini  sunmusglardir [12]. Bu yayinda,
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saglikli  ve sagliksiz yaprak goriintiilerini
siniflandirarak, gorev bitki hastaligi teshisi igin,
VGG16 ve VGG19 adlarinda, dnceden egitilmis
iki evrisimli sinir aginin (Convolutional Neural
Networks, CNN) bir topluluk  modelini
gelistirmislerdir. Gelistirilen  bu  modelin
parametrelerini optimize etmek i¢in ise, sunduklar1
yontem olan, OLPSO’yu kullanmislardir.

3. ESINLENILEN ALGORITMALAR

3.1. Parcacik Siirii Optimizasyonu

Algoritma 1. Parcacik Siirlii Optimizasyonu
N: Siiriideki par¢acik sayisi
X; : J. parcacik konum vektorii
10: Uygunluk fonksiyonu
gBest: Global en iyi konum vektérii
pBest; : j. parcacigin simdiye kadar ki bulundugu
en iyi konum vektorii
Maxlter: maksimum iterasyon sayisi
count=0;
Siirii  igerisindeki her bir parcaciga rastgele
konum belirle;
pBest; ve gBest konumlarini belirle;
while count < MaxlIter
forj =1 : N (her bir par¢acik i¢in)
v; par¢acik hiz vektoriinii hesapla;
x; parcacik yeni konum vektoriinii hesapla;
iff(x) < f(pBestj) pBest; = x;;
end

forj=1:N
i (F(x) < f(gBest)) gBest =x;;
end

gBest degerini bulunan en iyi deger olarak
dondiir;
count++;

end

Eberhart ve Kennedy tarafindan sunulan Pargacik
Stirti Optimizasyonu (Particle Swarm
Optimization, PSO) algoritmasi, ilk olarak, kus ve
balik stiriilerinin sosyal davraniglarini taklit etmesi
icin  tasarlanmistir  [13].  Ancak, yapilan
incelemeler  sonucunda, PSO’nun  aslinda
optimizasyon yaptigt anlasilmistir. Optimizasyon
problemlerinde basarili sonuglar sunan algoritma,
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aragtirmacilarin dikkatini ¢ekmis ve yeni bir¢ok
algoritmaya ilham vermistir.

Baglangigta PSO, rasgele ¢ozimlerle ilk
popiilasyonu (siiri, swarm) olusturur. Siiriide yer
alan her parcacigin (particle) bir de hiz degeri
(velocity) bulunmaktadir. Boylelikle, pargacik bu
hiz  degeri  sayesinde arama  uzaymnda
dolasabilmektedir.

Siiriide yer alan her bir par¢acigin hareketini
etkileyen diger unsurlar ise pargacigm ulasabildigi
en iyi konum (pBest) ve siiriiniin bulabildigi en iyi
konumdur  (gBest). Pargacik, bu konum
degerlerinden daha iyi bir konum kesfederse,
kesfedilen konumun durumuna gore, pbest, gbest
degerlerinden biri veya her ikisi de giincellenip,
istenilen kritere ya da kriterlere ulasana kadar
arama islemi devam ettirilir (Algoritma 1).

3.2. Bipolar Eslesme Egilimi

Bipolar Eslesme Egilimi (Bipolar Mating
Tendency, BMT), standart bir GA’da kullanilan
Standart Turnuva (ST) [2] se¢im yOntemine
dayanmaktadir [14].

Algoritma 2. Bipolar Eslesme Egilimi

[lk esi ST yontemiyle belirle;

Ikinci es olmaya aday bireyleri rastgele sec ve

uygunluk degerlerini hesapla;

Adaylardan uygunluk degeri en iyi ve en kotii

olanlar belirle;

if (rastgele deger < iki kutupluluk olasilig1)
Ikinci esi uygunluk degeri en iyi olan
birey olarak seg;

Esleri gaprazla;
else
Ikinci esi uygunluk degeri en kotii olan
birey olarak seg;
Esleri caprazla;
end

BMT, popiilasyonda bulunan es olmaya aday
bireyleri iki gruba rastgele ayirir. Tlk segilen es, ST
de oldugu gibi, grup iiyeleri arasindan segilen en
uygun ya da diger adiyla en iyi bireydir.
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flk es seciminin aksine, ikinci esin segimi igin
kullanilacak olan uygunluk kriteri belirsizdir.
Birinci esin bipolar (iki kutuplu) olan psikolojik
durumuna gore birinci es, grup iiyelerinden en iyi
bireyi ya da en kotii bireyi ikinci es olarak
secebilmektedir (Algoritma 2).

4. ONERILEN YONTEM

BMT yonteminin GA’da uygulanmasi,
popiilasyondaki cesitliligi artirmis ve standart
GA’ya gore daha 1iyi sonuglar sunmasinm
saglamistir [14]. Elde edilen bu basari, bipolar
davranisin bagka EA’larda da gozlenmesi gerektigi
diistincesini olusturmus ve bdylelikle Bipolar
Pargacik Siirti Optimizasyonu (BPSO)
algoritmasinin fikri dogmustur.

BPSO algoritmas1 tamamen PSO algoritmasina
dayanmaktadir. PSO algoritmasindan tek farki hiz
vektoriidiir (velocity vector).

Standart bir PSO’da, j’ninci birey i¢in hiz vektorii
Esitlik 1°deki gibi hesaplanmaktadir [15]:

Tt +1) = w.5(t) + ;7 ( pBest, —H(1)) +
¢,75 (gBest - (1)) (1)

Yukaridaki esitlikte (Esitlik 1), ¢; ve ¢, degerleri
ivme katsayilari, w ise eylemsizlik agirlig1 olarak
adlandmlmaktadir. Esitlik 1°de verilen 77 ve
T, vektorleri, [0,1] araligindan rastgele secilen reel
degerlerin  olusturdugu  vektorleri temsil
etmektedir. Son olarak, x;(t) vektorii ise, j’ninci
bireyin ¢ anindaki konumunu gostermektedir.

BPSO algoritmasiyla, PSO’ya bipolar davranis
eklenmis, bdylelikle popiilasyondaki bireyin
psikolojik durumuna bagli olarak hiz vektori
belirlenmistir. Bireyin psikolojik durumu, (0,1)
araliginda rastgele belirlenen reel degerler ile
[14]°de kullanilan iki kutupluluk olasilik degerine
(0,25) baglhdir. Her birey igin rastgele segilen bu
degerler, 0,75°den kiigiikse Esitlik 1°de verilen hiz
vektorii, degilse Esitlik 2’de verilen hiz vektori
kullanilir:

C. U. Miih. Fak. Dergisi, 37(3), Eyliil 2022

Mashar Cenk GENCAL

Algoritma 3. Bipolar PSO

N: Siiriideki parcacik sayisi
X; . j. parcacik konum vektorii
f0: Uygunluk fonksiyonu
gBest: Global en iyi konum vektorii
gWorst: Global en kétii konum vektorii
pBest;: j. parcacigin simdiye kadar ki bulundugu
en iyi konum vektorii
pWorst;: j. parcacigin simdiye kadar ki bulundugu
en kotii konum vektorii
Maxlter: maksimum iterasyon sayisi
count=0;
Siirii i¢erisindeki her bir pargaciga rastgele konum
belirle;
pBest;, gBest, pWorst; ve gWorst konumlarimni
belirle;
while count < MaxlIter
forj=1: N (her bir pargacik i¢in)
if (rastgele deger < iki kutupluluk olasilig1)
vj iz vektoriinii Esitlik 1 ile hesapla;
else
vj iz vektoriinii Esitlik 2 ile hesapla;
end
x; parcacik yeni konum vektoriinii hesapla;
iff(x;) < f(pBest;) pBest; =x;;
iff(x;) > f(@Worst;) pWorst; = x;;
end
forj=1:N
iff(x;) < f(gBest) gBest = xj,
iff(x;) > f(gWorst) gWorst = x;;
end
gBest degerini bulunan en iyi deger olarak
dondiir;
count++;
end

v(t+1) =wyl) + iy ( pWorst, — Y;(t)) +
Ty (gWorst - xj(t)) )

Boylece, birey ya Esitlik 1’1 secerek standart
PSO’daki gibi davranmis ya da Esitlik 2°deki gibi
en iyiler yerine en kotiileri temel alan hiz
vektoriiyle hareket etmistir, bkz. Algoritma 3.

Esitlik 1 ve Esitlik 2°de verilen hiz vektorlerinden

birini kullanarak parcacik hizim1 hesaplayan
algoritma, standart PSO’daki konum giincelleme
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formiili (Esitlik 3’te verilen) ile pargacigin yeni
konumunu belirler.

E+1) =y+1)+x/() 3)
5. TESTLER

BPSO algoritmasi, standart PSO algoritmasina
dayandigindan, BPSO algoritmasinin performansi
sadece standart PSO algoritmasinin performansiyla
kiyaslanmigtir. BMT  algoritmast  bir se¢im
yontemi olup, BPSO’ya fikri anlamda katkida
bulundugundan, BMT yontemi yapilan testlerde
kiyaslama i¢in kullanilmamustir.

5.1. Test Fonksiyonlar1

BPSO algoritmasinin performansini test etmek
icin, literatiirde yaygin olarak kullanilan test
fonksiyonlarindan [16], Cizelge 1’de belirtilen on

¢ok modlu fonksiyon kullanilmistir.

Cizelge 1. Kullanilan test fonksiyonlari

Fonksiyon no Test fonksiyonlar1
fi Branins
fa Fifth function of de Jong
fz Drop wave
fa Goldstein-price
fs Langermann
fe Michalewicz
f7 Rastrigin
fs Schubert
fo Schwefel
fio Six Hump Camel Back

Cok modlu fonksiyonlarin birden fazla yerel
ekstremum degerine sahip olmasi, optimizasyon
algoritmalarmin bu ekstremum degerlerden birine
yakalanma ihtimalini artirmaktadir [16]. Bu
nedenle, algoritmalarin performansmi test etmek
icin cok modlu fonksiyonlar tercih edilmistir.

Branins fonksiyonunda global minimum degeri
fi = 0,397887 degeridir.
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Fifth function of De Jong fonksiyonunda test alani
—65,536 <x; <65536, i=12 bolgesinde
siirlandirilmistir. Bu fonksiyonda yerel minimum
degerleri diizensiz bir sekilde dagilmistir.

Drop Wave fonksiyonunda test alan1 genellikle
—5,12 <x; <5,12 i=1,..,n bolgesinde
smirlandirilmistir  ve  global minimum degeri
fz = —1dir.

Goldstein-Price fonksiyonunda test alan1 -2 < x; <
2, i =1,2 bolgesinde smirlandirilmigtir. Global
minimumu f, = 0 degeridir.
Langermann fonksiyonunun yerel minimum
degerleri diizensiz bir sekilde dagilmistir.

Michalewicz fonksiyonunda test alani 0 <x;<n
i=1,...,n bolgesinde smirlandirilmistir ve yerel

minimum degerlerinden biri f; = —1,8 dir.
Rastrigin  fonksiyonunda test alani genellikle
-5,12 <x;<5,12 i=1,..,n bolgesinde

siirlandirilmigtir. Global minimum degeri f; = 0
dir.

Schubert  fonksiyonunda  ise test alani
-5,12 <x;<5,12 i=1,...,n bolgesinde
simirlandirilmistir.  Fonksiyonun yerel minimum
degerleri diizensiz bir sekilde dagilmistir.

Schwefel fonksiyonunda test alani -500<x;<500,
i=1,..,n bolgesinde smirlandirilmigtir. Global
minimumu fy = —418,9829 * n degeridir.

Six Hump Camel Back fonksiyonunda test alani
-3<x53, -2<x,<2 bolgesidir.  f,=-1,0316 degeri
fonksiyonun global degeridir.

5.2. Test Sonuclari

Yapilan testlerde kullanilan algoritmalar, 20 farkli
rastgele degerle calistirilmis ve boylece testlerin
dogrulugunu  ve  giivenirliligini  saglamak
amaglanmistir. Cizelge 2’de sunulan sonuglar bu
20 calistirmanin  medyan ve standart sapma
degerleridir.
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Testler, popiilasyon biiyiikliigiiniin 20 ve tekrar
sayisinin (iteration) 100 oldugu durumda (disiik
maliyetli bir durum altinda) yapilmis, Onerilen
yontem olan BPSO’nun, PSO’ya alternatif olup
olamayacagi test edilmistir. Ayrica, testlerde
standart PSO ayarlar1 kullanilmigtir [13].

Yapilan tiim testlerde, kullanilan fonksiyonlarin

Mashar Cenk GENCAL

gosterildigi Sekil 1 incelenirse, PSO’nun yaklagik
30. iterasyonda aramay1 biraktigi, buna ragmen,
Onerilen yontem olan BPSO’nun yaklagik 65.
iterasyona kadar en iyiyi aramaya devam ettigi
gozlemlenebilir. Yapilan bu gdzlem neticesinde,
BPSO’nun, belirtilen fonksiyon i¢in, PSO’ya gore
daha iyi bir arama sundugu sdylenebilir.

minimum degerlerine ulagmak amaclanmistir. Bu  Cizelge 2. BPSO ve PSO’nun karsilagtirmali test
nedenle, Cizelge 2’de verilen sonuglara sonuglari
bakildiginda, digerine gore daha diisiik degere PSO BPSO
ulagabilen algoritma bagarili kabul edilmis ve F"“l;i‘y"“ Medyan S::g‘;:‘;t Medyan S::g‘;:‘;t
ulast1g1 deger koyu olarak belirtilmistir. A 03979 0 03979 [6.68316.05
. . o . fa 7,8721 6,2089 1,9920 2,1812
Cizelge 2 incelendiginde, BPSO algoritmasi tim fa 20,9362 [ 1,1102e-16| -0,9362 0,0314
test fonksiyonlarinda da en iyi sonuglari vermis, £ 3 11,3841 3 0,0013
Fifth function of De Jong, Langermann, fs -3,6775 | 0,7308 -3,8209 | 0,7527
Michalewicz, Rastrigin, Schubert ve Schwefel }66 0195;)4796 822;; 01’331122 8?22;
fonksiyonlarinda ise, standart PSO’ya kiyasla, ¢ok A 160.0571] 783454 | 2104365 | 74.0412
daha basarlll SOnuglar Sunmustur. fg -719,5274| 111,8444 | -837,9598 82,8065
f1o -1,0316 |2,3405e-16| -1,0316 |2,8017e-05
Ayrica, PSO ile BPSO’nun, Rastrigin
fonksiyonundaki yakinsama yeteneklerinin
; Rastrigin Function
10" =" : : . : : : : .
\ PSO
\ BPSO
N
l_i-\“
10" | , e
|—
o)) [
= |
© |
} -10_1 E | -
o .
uJ |
m \
102 F '. ;
,10-3 I I I I I I I I i
0O 10 20 30 40 50 60 70 80 90 100
lteration

Sekil 1. PSO ile BPSO’nun Rastrigin fonksiyonundaki yakinsama yetenekleri
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Bipolar Pargacik Siirii Optimizasyonu Algoritmasi

6. SONUC

PSO algoritmasi, basarili bir algoritma olmasina
ragmen, zorlayict fonksiyon tiirlerinde, beklenen
ideal sonucu sunmayabilmektedir. PSO’nun
kargilagtigt bu sorunu ¢6zmek ig¢in, standart
PSO’ya bipolar davranis eklenmis, sadece en iyi
bireyleri degil, kotii bireyleri de algoritma
isleyisine dahil eden yeni bir yontem, BPSO,
tanitilmustir.

BPSO’yu, standart PSO ile kiyaslamak igin
literatiirde yaygin olarak kullanilan on test
fonksiyonu  kullanilmigtir.  Yapilan  testlerin
sonucunda, gelistirilen yontem olan BPSO’nun, on
test fonksiyonunun altisinda en 1iyi sonucu
sundugu, kalan dort test fonksiyonun da ise PSO
ile ayn1 sonuglar1 verdigi gézlemlenmistir. Yapilan
bu gozlem 1s18inda, BPSO’nun, test edilen
durumlar altinda, PSO’ya gore daha basarili
oldugu asikardir.

Alinan sonuglar g6z o6niinde bulundurularak,
BPSO’nun yiiksek maliyetli durumlar altinda da
test edilmesi, gelecek c¢aligmalar igin, tavsiye
edilmektedir.
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Oz

Dogu Toroslar'da farkli ortam ve tektonik kosullarda olugmus birbirinden farkl: istifler ylizeylemektedir.
Bu istifler tabandan tavana Ust Jura-Kretase yash peridotitler, bantli gabro, izotrop gabro, levha dayk
karmasigindan olusan Komiirhan Ofiyolitleri ve Bodrum Napi’na ait metamorfik kaya birimleri yer
almaktadir. Kémiirhan Ofiyolitleri ve Bodrum Nap1 Ge¢ Kretase yasli Baskil Granitoyidleri tarafindan
kesilmistir. Baskil Granotoyidinin kesmis oldugu birimler icerisinde cevherlesmeye iliskin alterasyon
zonlar1 gozlemlenmektedir. Cevher mikroskopi ¢alismalarinda pirit, sfalerit, galenit, arsenopirit, manyetit
ve hematit tespit edilmistir. Pirit iizerinde yapilan izotop analizinde & **S degeri -3 %o olarak
belirlenmistir. Kuvars mineralleri iizerinde yapilan sivi kapanmim analizinde 69-127 °C arasinda ve
ortalama olarak 103 °C epitermal olusum sicakligi belirlenmistir. Calisma alaninda cevherlesmelerin
birincil kokeni Miyosen’den itibaren bolgeyi etkileyen asidik karakterli volkanizmanin etkisiyle
metamorfik istifler icerisindeki fay ve kirik catlak sistemlerinde yerlesmis siilfiirlii yataklanma seklinde
olusurken, ikincil cevherlesmelerin birincil siilfiirlii minerallerin ¢6ziinerek tektonik olaylar sonucu
olusan siireksizlik zonlarinda depolandig: diisiiniilmektedir.

Anahtar Kelimeler: Karabdgiirtlen Formasyonu, Biiyiik Kizileik, Pb -Zn
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Geological Investigation of Lead Mineralization Associated with Silicified Zone in
Bityiik Kizilcik (Goksun-K.Maras) Region

Abstract

The interrelated stacks outcrop in Eastern Taurus which occurred in different environment and tectonic
conditions each other. These stacks located from the elderly to young at the bottom Upper Jurassic-
Cretaceous aged peridotites, banded gabbro, isotropic gabbro and plate-dike complex, Komiirhan
Ophiolites and metamorphic rock units of Bodrum Napa. Kémiirhan Ophiolites and Bodrum Napa cut by
late Cretaceous aged Baskil Granodiorites. Alteration zones associated with mineralization are observed
inside of the units which have been cut by Baskil Granodiorites. Pyrite, sphalerite, galenite, arsenopyrite,
magnetite and hematite were detected in ore microscopy studies. In the isotope analysis performed on the
pyrite sample, the & **S value was determined as -3 %o. In the fluid inclusion analysis performed on
quartz minerals, the epithermal formation temperature was determined between 69-127 °C and an average
of 103 °C. While the primary origin of the mineralizations in the study area is formed as a sulfide bedding
located in fault and fracture crack systems developed in metamorphic rocks with the effect of acidic
volcanism affecting the region since Miocene. It is thought that secondary mineralizations are deposited

in discontinuity zones formed as a result of tectonic events by dissolving primary sulfide minerals.

Keywords: Karabogiirtlen Formation, Biiyiik Kizilcik, Pb -Zn

1. GIRIS

Inceleme alam Dogu Toroslarn bati kesiminde
Kahramanmaras iline bagli Goksun ve Afsin ilgeleri
arasinda kalan Biiylik Kizilcik ve Kiiciik Kiziletk
kasabalarmin kuzeyinde Elbistan L37-d2 paftasi
icerisinde 30 km?lik alanda yer almaktadir (Sekil
1). Caligma alam1 ve yakin c¢evresinde farkli
amaclarla  ¢ok  sayida  jeolojik  caligma
yiiriitiilmiistiir. Bu calismalardan bazilar, Ozgiil
(1976), Aziz ve arkadaslar1 (1979), Peringek ve
Kozlu (1981), Ozgiil ve arkadaslar1 (1981), Tarhan
(1982), Erdogan (1982), Caglayan ve arkadaslari
(1984), Tarhan (1986), Baydar (1989), Yigitbas
(1989), Yildirnm (1989), Kozlu ve arkadaglar
(1990), Yilmaz ve Yigitbas (1991), Pehlivan ve
arkadaglar1 (1991), Yilmaz ve arkadaslar1 (1992),
Vergili ve Parlak (2005), Yusufoglu ve arkadaslari
(2005), Parlak (2006), Korkmaz ve arkadaglar
(2012), Vergili ve arkadaslar (2013), Ozbek (2016)
ve Hozatlioglu ve arkadaslar1 (2020) sayilabilir [1-
22]. Bu ¢aligmalar, bolgesel jeolojik modelin ortaya
konmasinda ve  bolgedeki cevherlesmelerin
anlagilmasinda biiyiik 6neme sahiptir.

Inceleme alani ve yakin cevresindeki jeolojik

628

birimler en altta Ust-Jura Kretase yash tabaninda
peridotitler ve iiste dogru sirastyla bantli gabro,
izotrop gabro ve levha dayk karmasigi, volkanitler
ve sedimanter birimler ile ortiilen Komiirhan
Ofiyolitleri, Komiirhan Ofiyolitlerini tektonik
dokanakla 6rten Bodrum Napi’na ait metamorfik
kaya birimlerinden olugmaktadir.

Bu ¢alisma ile K.Maras ili Biiyiikk Kizilcik-Kii¢iik
Kizilcik ¢alisma alanlarinda yiizeyleyen birimlerin
genel jeolojisi, stratigrafisi ve maden potansiyeli
arastirllmis  ve Dbolgede mostra veren tiim
cevherlesmeler irdelenmistir. Bu aragtirmada
ozellikle silis zonuna bagli cevherlesmeler ele
almmis olup ¢aligma alani igerisindeki Barit
cevherlesmeleri de ayrica irdelenmistir. Barit ile
ilgili incelemelerde daha once yapilan ¢aligmalar
revize edilerek kullanilmistir. S6z konusu inceleme

alaninda mostra veren silis zonuna bagh
cevherlesmelerin ~ kokeni,  minerolojik  ve
petrografik ozelliklerinin aydinlatilmasi

amaclanmistir. Bu amaca yonelik olarak cevherli
ornekler tizerinde ana element ve iz element
analizleri ve  parlak  kesit incelemeleri;
cevherlesmenin olusum sicakliklari ve olusum
ortamlarmi belirleyebilmek igin sivi kapanim ve
izotop analizleri ger¢eklestirilmistir.
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2. YONTEM

Caligmalar arazi ve laboratuvar ¢aligmalari seklinde iki
kisimda gergeklestirilmistir. Laboratuvar ¢aligmalari,
araziden  derlenen  Orneklerden  jeokimyasal
analizlerin yapilmasi ve ayn1 Orneklerden ince ve
parlak kesitlerin hazirlanarak minerolojik ve
petrografik  6zelliklerinin tanimlanmast seklinde
yurlitilmiistiir.

Arazi caligmalari esnasinda ¢aligma alam igerisinde
kalan silis zonu detayh olarak haritalanmig ve {izerinde
toplam 8 adet kesit giizergahi belirlenmistir. Belirlenen
bu 8 adet giizergahtan oluk yontemi ile toplam 133 adet
jeokimya Ornegi derlenmigtir. Derlenen 133 adet
jeokimya numunesi MTA Laboratuvarlarinda ICP-MS
yontemi ile analize tabi tutulmustur. Elde edilen
sonuglara gore belirlenen 3 lokasyonda toplam 1464,10
m sondaj yapilmustir. Ayrica sondajlardan derlenen 28
adet cevher numunesi, 33 adet mineroloji ve petrografi
numunesi, 2 adet sivi kapamm numunesi, de ayrica
analiz edilmis ve sondajlarda kesilen birimlerin
minerolojik ve petrografik tamimlamalar yapilmuistir.

Belirlenen profil hatlar1 boyunca her bir metreden
harmanlama yontemi (Sekil 2) ile numuneler
derlenmistir. Yapilan sondajlarda karot ylizdesi
%90’1n altina diismeyecek sekilde karotlar elde
edilmis ve karotlar lizerinde arazide tanimlamalari
gerceklestirilmigtir. Elde edilen karotlardan gerekli
goriilen yerlerden Mineraloji ve Petrografi
numuneleri derlenmistir. Kaya¢ tanimlamalar1 ve
cevher igerikleri elde edilen analiz sonuglarina
gore degerlendirilmistir. Ayrica elde edilen
karotlardan her bir metrede jeokimya Ornekleri
derlenmis ve bu numuneler ise kirma, 6giitme ve
ceyrekleme yontemi ile elde edilmistir.

Ayrica Onceki yillarda yapilan jeokimyasal
prospeksiyon  ¢aligmalarinda  ortaya  ¢ikan
anomolilerin incelemesi yapilarak yaklasik 19 km?
lik alanda 1/1000 o6lgekli detay maden jeoloji
haritas1 yapilmistir. Silislesmis floritli/baritli altere
zondan oluk yontemi ile numuneler derlenmistir.

Inceleme alanindan alinan sondaj 6rneklerinden 1

adet pirit ornegi secilerek &°'S izotop analizi
ACTLAB’ da (Kanada) yaptirilmustir.
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$el 2. Oluk yontemi ile numue alimi

3. ARASTIRMA BULGULARI

3.1. Bolgesel Tektonik Konum ve inceleme

Dogu Toroslar'da birbiriyle farkli ortam ve
tektonik kosullarda olusmus birbirinden farkl
yapisal istifler yiizeylemektedir. Caligma alaninda
ve yakin g¢evresinde bu istifler tabandan tavana,
Ust-Jura Kretase yash peridotitler ve iiste dogru
sirastyla bantli gabro, izotrop gabro ve levha dayk
karmasigi, volkanitler ve sedimanter birimler ile
ortiilen Kémiirhan Ofiyoliti, Kdmiirhan Ofiyolitini
tektonik dokanakla o6rten Bodrum Napi’na ait
metamorfik  kaya  birimleri  yeralmaktadir.
Komiirhan Ofiyoliti ve Bodrum Nap1 iki farkli
evrede olusmus ve ¢aligma alaninin giineyinde Geg
Kretase yasli Baskil Granitoyidleri tarafindan
kesilmistir [23]. Tiim bu birimler Geg Paleosen-
Eosen yasli Seske formasyonu tarafindan acisal
uyumsuzlukla ortiilmektedir. En istte ise tiim bu
istifleri  Pliyo-Kuvaterner yasli golsel ortamda
¢Okelmis Ahmetcik formasyonu agisal
uyumsuzlukla orter [23] ve bahsedilen birimlerin
tamami calisma alan1 igerisinde ve c¢evresinde
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(Elbistan L37-d2) mostra vermektedir. Elbistan
L37-d2 paftasinin kuzeyinde ¢aligma alani olarak
belirlenen ¢alisma alani igerisinde Bodrum Napi ve
Komiirhan Ofiyolitini kesen altere silis zonu
cogunlukla Karabogiirtlen formasyonunu ve
kismende Jura-Kretase yasli Ula formasyonunu
kesecek sekilde mostra vermektedir. Biiyiikkizileik
kesitinde Bodrum napi, bol oranda bazik bilesimli
dayklar tarafindan kesilmistir. Calisma alam
cevresinde Bodrum Napma ait Ust Devoniyen-
Karbonifer yash Yoncayolu formasyonu, Orta-Ust

Avni TAPTIK, Mustafa AKYILDIZ, Burcu KARATAS

Kretase yash Ula formasyonu ve Ust Kretase yash
Karabogiirtlen formasyonu mostra vermektedir.
Karabdgiirtlen formasyonu baglica sist, kalk sist,
kuvars sist, bazik bilesimli sist ve metakonglomera
ardalanimindan olusan birim, bu kaya tiirlerine
eslik eden ¢ortlii mermer, rekristalize kirectasi,
dolomit ve dolomitik kirectasindan olusur (Sekil
3). Karabogiirtlen formasyonu inceleme alaninda
Kiigiikkiziletk ve Bilylik kiziletk kasabalarmin
giineyinde genis alanlarda mostra vermektedir.

SONDAJ LOKASYON HARITAS!
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Sekil 3. Calisma alanina ait jeoloji haritasi [20]
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3.2. Jeokimya

Calisma alaninda 1/1000 6lgekli maden jeoloji ve
alterasyon haritas1 hazirlanmis ve Ust Kretase yaslt
Karabogiirtlen formasyonunu kesen silis zonu
detayli olarak c¢alisilmistir. Silisifiye baritli-bresik
altere zondan oluk yontemi ile sistematik 6rnek
alimi yapilmistir. Silis zonu {izerinde belirlenen 8
adet profilden toplam 133 adet jeokimya numunesi
derlenmis ve MTA Laboratuvarlarinda analizi
yapilmustir. Analiz sonuglar1 Cizelge 1°de verilmis
ve ayrica profil giizergahlar1 boyunca da enine
kesitlerde numune loksayonlar1 gosterilmistir. Elde
edilen sonuglara gore sdzkonusu silisifiye zonda

Pb-Zn ve As degerlerinin anomali verecek diizeyde
oldugu gozlenmis ve 3 adet lokasyonda sondaj
caligmalar1 gergeklestirilmistir. Sahada belirlenen
cevherlesme zonu silislesmis floritli/baritli altere
zon olarak gozlenmektedir. Florit/barit igerikli
cevher mineralleri silis zonu igerisinde diizensiz
sekilli yamalar seklindedir. Yapilan parlatma
orneklerinin cevher mikroskopisi incelemelerinde
belirlenen cevher mineralleri esas olarak limonit
olup, buna eser miktarda gozlenen kalkopirit ve
pirit  mineralleri  eslik  etmektedir.  Ayrica
profillerden elde edilen analiz  sonuglari
Cizelge 1’de, Sekil 4 ve Sekil 5’te verilmistir.

Cizelge 1. Profillerden elde edilen analiz sonuglar1 (ppm

Numune no Cu Pb Zn Ag Sb Mo As Au
1 63 1545 282 12,6 274 11 2505 <40
2 43 440 391 2,7 323 6 3910 <40
3 16 3771 702 6,6 822 20 10690 <40
4 24 3240 514 10,2 777 15 9026 <40
5 24 4517 303 9,7 988 10 5526 <40
6 18 207 80 <1 284 5 4352 <40
7 8 54 13 <1 73 <5 466 <40
8 11 87 17 <l 58 <5 854 <40
9 10 34 5 <l 31 <5 547 <40
10 5 69 13 <l 49 <5 287 <40
11 8 22 9 <1 51 <5 954 <40
12 9 23 9 <1 40 <5 461 <40
13 29 139 165 <1 155 8 2082 <40
14 27 402 237 24 279 10 4480 <40
15 7 4714 157 2,0 908 47 9325 <40
16 19 440 123 <l 209 20 3472 <40
17 23 432 200 <1 184 14 2018 <40
18 21 1459 146 3,9 135 17 1000 <40
19 13 404 82 <l 192 7 2048 <40

20 19 330 88 <l 158 8 1784 <40
21 8 1225 43 <l 81 11 665 <40
22 10 279 30 <1 107 9 786 <40
23 5 160 42 <1 148 9 1152 <40
24 47 131 214 <l 270 6 5986 <40
25 14 27 9 <l 166 <5 2254 <40
26 5 14 15 <l 141 <5 1947 <40
27 3 10 32 <1 30 <5 855 <40
28 8 9 30 <1 46 <5 1344 <40
29 <3 11 39 <l 48 <5 788 <40
30 4 15 31 <l 53 <5 1326 <40
31 4 10 21 <l 45 <5 778 <40
32 4 <5 6 <l 86 <5 615 <40
33 8 12 12 <1 311 17 13440 <40
34 5 9 5 <1 60 <5 849 <40
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Cizelge 1. Devam

Numune no Cu Pb Zn Ag Sb Mo As Au
35 4 24 9 <1 8 <5 66 <40
36 15 172 23 <1 102 10 850 <40
37 8 294 13 <1 64 9 535 <40
38 4 76 5 <l 34 <5 278 <40
39 7 370 17 <l 67 <5 1960 <40
40 13 1214 47 1,3 641 <5 12710 <40
41 82 82 1670 1,7 125 <5 2300 <40
42 26 129 1460 1,0 144 <5 2467 <40
43 27 13 15 <l 346 6 2420 <40
44 7 6 8 <l 46 <5 738 <40
45 7 5 11 <1 24 <5 436 <40
46 12 13 15 <1 92 <5 748 <40
47 27 12 31 <l 38 <5 774 <40
48 78 20 84 <l 95 <5 833 <40
49 14 291 38 <l 92 14 1490 <40
50 8 16 18 <1 337 5 2634 <40
51 29 148 91 <1 167 8 3130 <40
52 7 468 54 <l 177 18 2555 <40
53 15 98 57 1,1 94 8 2136 <40
54 9 28 24 <l 79 <5 984 <40
55 8 95 17 <1 22 <5 1130 <40
56 9 15 22 <1 15 <5 272 <40
57 9 15 26 <l 15 <5 301 <40
58 10 61 17 <l 34 <5 604 <40
59 6 398 33 <l 93 <5 364 <40
60 4 195 106 <1 93 <5 372 <40
61 10 69 37 <1 30 <5 267 <40
62 9 33 38 <l 13 <5 190 <40
63 32 208 76 <l 44 6 447 <40
64 12 59 23 <1 17 10 213 <40
65 9 75 25 <1 15 <5 149 <40
66 8 203 17 <1 15 <5 181 <40
67 25 1016 53 <l 89 9 724 <40
68 10 8 6 <l 7 <5 222 <40
69 6 41 8 <1 18 <5 211 <40
70 5 38 18 <1 37 <5 200 <40
71 28 45 13 <1 37 <5 343 <40
72 12 50 11 <l 26 <5 229 <40
73 7 9 6 <l 5 <5 89 <40
74 13 12 6 <1 22 <5 211 <40
75 7 9 8 <1 11 <5 189 <40
76 10 34 11 <1 20 <5 622 <40
77 25 24 26 <l 13 <5 394 <40
78 13 14 6 <l 32 <5 350 <40
79 14 25 10 <1 76 <5 322 <40
80 6 5 14 <1 38 <5 182 <40
81 7 1128 176 <1 34 <5 492 <40
82 8 211 37 <l 10 <5 480 <40
83 15 652 211 <l 46 <5 449 <40
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Cizelge 1. Devam

Numune no Cu Pb Zn Ag Sb Mo As Au
84 13 32 90 <1 40 <5 1050 <40
85 5 13 23 <1 7 <5 274 <40
86 19 9 67 <1 9 <5 508 <40
87 8 75 84 <l 28 <5 497 <40
88 5 73 195 <l 18 <5 237 <40
89 5 45 90 <1 10 <5 92 <40
90 6 27 80 <1 46 <5 285 <40
91 12 63 56 <l 123 5 965 <40
92 5 249 36 <l 109 7 435 <40
93 8 50 42 2,2 59 <5 1110 <40
94 18 574 251 <1 50 <5 343 <40
95 8 128 115 <1 19 <5 174 <40
96 3 40 20 <l 38 <5 211 <40
97 4 22 17 <l 37 <5 165 <40
98 7 41 18 <l 30 <5 312 <40
99 7 7 53 <1 25 <5 504 <40
100 7 15 184 <1 72 <5 410 <40
101 6 43 108 <l 49 <5 419 <40
102 9 88 177 <l 63 <5 716 <40
103 6 93 159 <l 58 <5 476 <40
104 6 44 225 <1 89 <5 620 <40
105 5 39 37 <1 50 <5 546 <40
106 5 29 48 <l 31 <5 375 <40
107 3 28 4 <l 31 <5 333 <40
108 4 6 3 <l 17 <5 305 <40
109 5 17 5 <1 32 <5 572 <40
110 6 16 30 <1 39 <5 465 <40
111 6 5 12 <l 21 <5 610 <40
112 1,0 1200 10 <5 1700 220 43 <40
113 <1,0 1100 8 <5 190 99 36 <40
114 <1,0 600 3 <5 81 91 71 <40
115 14 610 16 <5 380 96 200 <40
116 <1,0 720 4 <5 110 97 53 <40
117 <1,0 780 3 5 140 180 85 <40
118 <1,0 790 4 8 350 220 97 <40
119 <1,0 2200 13 11 1200 260 38 <40
120 <1,0 630 5 <5 150 43 85 <40
121 <1,0 850 7 <5 47 190 71 <40
122 <1,0 580 5 <5 43 120 160 <40
123 <1,0 440 17 <5 40 100 6 <40
124 <1,0 820 4 5 82 210 68 <40
125 <1,0 770 6 <5 39 51 110 <40
126 <1,0 1600 3 <5 73 150 310 <40
127 <1,0 330 3 <5 7 51 17 <40
128 <1,0 480 5 <5 9 65 14 <40
129 <1,0 210 9 <5 <5 55 3 <40
130 <1,0 330 7 <5 5 50 8 <40
131 <1,0 1600 9 <5 6 350 18 <40
132 <1,0 1500 10 <5 16 290 47 <40
133 <1,0 420 6 <5 6 110 17 <40
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Yukarida verilen analiz sonuglart
degerlendirildiginde Pb-Zn degerlerinin oldukga
yiksek oldugu tespit edilmistir ve bu
cevherlesmenin  diisey yonde arastirilmasi
ihtiyac1 dogmustur. Bu amacla iic adet sondaj
planlanmistir. Sondaj lokasyonlarinin
belirlenmesinde analiz sonuglar1 dikkate alinmig
ve 2 nolu profilde elde edilen Pb-Zn degerlerine
gore BKS-1 nolu sondaj planlanmigtir. BKS-2
nolu sondaj altere silisifiye zonun yeraltindaki
konumunu belirlemek amact ile diger sondajlara
ters yonde gerceklestirilmistir. BKS-3 nolu
sondaj ise altere silisifiye zonun en kalin
gozlendigi 8 mnolu profili kesecek sekilde
planlanmustir (Sekil 3).

BKS-1 nolu sondaj 2 nolu profilden elde edilen Pb
degeri gozoniinde bulundurularak planlanmistir.
Elde edilen Pb degeri 4714 ppm olup tim

Avni TAPTIK, Mustafa AKYILDIZ, Burcu KARATAS

profillerden elde edilen en yiiksek degerdir. BKS-1
nolu sondaj determinasyonu  gdzoniinde
alindiginda silislesmenin sistler i¢erisinde bulunan
normal faylara bagh oalrak gelistigi ve siilfiirli
¢oOzeltilerin yine sistler igersindeki kirik ve
catlaklarda yogunlastig1 soylenebilir (Sekil 6-a).

BKS-2 nolu sondaj 1 nolu sondajin giineyinde
fakat ters yonde yapilmistir. Sondajin ters yonde
yapilmasi altere silisifiye zonun konumu ile ilgili
bilgi edinmek ig¢indir. Sondaj lokasyonu 4 nolu
profil giizergah1 boyunca yapilmis olup ayrica
bolgede siilfiir ¢ikiglarinin ¢ok yogun gozlendigi
bir lokasyonda gerceklestirilmistir. BKS-2 nolu
sondaj determinasyonu esnasinda ayni BKS-1 nolu
sondajda oldugu gibi cevherlesmenin kirik ve
catlaklar boyunca gelistigi tespit edilmistir
(Sekil 6-b).

Sekil 6. BKS-1 ve BKS-2 nolu sondaja ait enine kesit

BKS-3 nolu sondaj 8 nolu profilin bulundugu
bolgede gerceklestirilmistir. 8 nolu profil bolgede
en kalin silis zonunun gozlendigi kesimdir. Ayrica
8 nolu profilde 2000 ppm iizerinde Pb degelerinin
elde edilmis olmasi sondaj lokasyonunun
belirlenmesinde de etkili olmustur. Ayrica bolgede
iist Kretase yashi Karabogiirtlen formasyonunu
kesen ve Kurtulus Mahallesi giineyinde de tespit
edilen granitik-andezit sokulumlar bu sondaj ile
tanimlanmigtir.  Makroskopik  tanimlamasinda
rengi soluk sarimsi yesil, dokusu sist/lepidoblastik,
bilesenleri ise; Karbonat grubu mineral, serizit,
kuvars, lI6koksendir.

BKS-1 nolu sondajdan derlenen cevher parlatma

C.U. Miih. Fak. Dergisi, 37(3), Evliil 2022

orneginde az miktarda sfalerit, galenit, pirit ve ¢cok
az miktarda submikroskopik organik malzeme
tespit edilmistir. Galenitlerin bir kismi c¢atlak
dolgusu seklindedir. Piritler ise yar1 Ozsekilli-
0zsekilsiz olup yer yer galenit ve sfalerit igerisinde
kapanim seklinde izlenmistir (Sekil 7-a).

BKS-2 nolu sondajdan derlenen 6rnekte yapilan
parlatma kesitte bol miktarda pirit izlenmistir.
Piritler, yart 6zsekilli ve dzsekilsiz taneler halinde,
bazi kisimlarda yar1 radyal dizilimli, bazen de
kirikli-gatlakli olarak izlenmis olup yer yer de az
oranda markazite doniistim gosterdigi
belirlenmistir (Sekil 7-b).
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BKS-3 nolu sondajdan derlenen cevher parlatma
orneginde yapilan cevher mikroskobisi
incelemelerine gore tamimlanmig olan cevher
mineralleri Pirit, Arsenopirit, Sfelarit, Manyetit,

i Py e & !

Hematit’tir. Pirit mineralleri 6zsekilsiz, yari

Ozsekilli taneler halinde, yer yer arsenopiritle
birlikte g6zlenmistir. Hematit mineralleri yer yer
gubuk sekilli gézlenmistir (Sekil 7-c).

Sekil 7.

KS-I, 2 ve 3 nolu sondajlardan alinan cevher orneklerine ait parlak kesit goriintiileri a-Sfalerit,

Pirit, Galen b- Pirit, Sfalerit c- Arsenopirit, Sfalerit, Pirit

3.3. izotop Analizi

Inceleme alanindan alinan sondaj érneklerinden 1
adet pirit 6rnegi segilerek &°*'S izotop analizi
yaptirtlmig ve -3 %o sonucu bulunmustur. Kiikiirt
izotoplar1 cevherlesme kokeninin arastirilmasinda
stk kullanilan izotoplardir. Mafik ve ultramafik
kayaglarda &*'S degerlerinin sifir’'a yakin olusu,
buna karsilik yiizeye yakin ortamlarda oksitlenme—
Indirgenme siireglerinden etkilenen kiikiirtte, bu

degerlerin genis bir araliga yayilisi, cevher
yataklardaki **S/ **S oranlarmin cevherlesme
kokeninin yorumunda kullanilmasina yol agmustir.

Caligma alaninda bulunan siilflirlii minerallerin
bilesiminde bulunan & **S degerlerinin %o 0’a ¢ok
yakin olmast (-3 %o) cevher minerallerinin
olusumunu saglayan hidrotermal ¢ozeltiler icindeki
kiikiirtiin magmatik kokenli oldugunu
gostermektedir (Sekil 8), [24].
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Sekil 8. Hidrotermal yataklardaki stilfiir tagtyict mineraller i¢in siilfiir izotop degerleri [24]
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3.4. Sivi Kapamim Calismalar

Sivi kapanim ¢alismalart igin secilen ornekler
cogunlukla opak kesimlerden olusmaktadir. Seffaf-
yart seffaf kristallerde yapilan sivi  kapamim
incelemelerinde  saptanan  sivi  kapanimlarin
biiyiikliikleri oldukca kiigiiktiir. Bu nedenle
kapanimlar, = ¢ogunlukla  bilesimsel  olarak
simiflandirilamamigtir.  Bazi  kristaller de ise
saptanabilen sivi kapanimlar tek fazli (siv1)
kapanimlar olarak ayirtlanabilmistir. Tek fazli
kapanimlar genellikle birincil kdkenli daha az
oranda da ikincil kokenli olanlari mevcuttur. Tek
fazli  (stvi)  kapanmimlarin  boyutlart  <1-40
mikrometre arasinda degismektedir. Orneklerde
sadece eser oranda iki fazli (sivitgaz) kapanimlar
tespit edilebilmistir. Tki fazli (stvi+gaz) kapammlar
<1-8  mikrometre  arasinda  degigmektedir.
Kapanimlar genel olarak {iggenimsi, -elipsoidal
ve/veya diizensiz sekiller sunmaktadir. Bu
kapanimlarda yapilan Olgiimler kapanimlarin
oldukca kiiciik olmast nedeniyle giicliikle
gergeklestirilmisti.  Homojenlesme — sicakligiin
oOlgiildigii birincil kokenli iki fazli (sivitgaz) bu
kapanim sivi azot kullanilarak dondurulmustur.
Kapanimin  genellikle kiiciik boyutlu olmasi
nedeniyle, sivi kapanimlarin diisiik sicakliklardaki
(<0°C) faz degisimleri optik olarak
gozlemlenememistir. Bu nedenle iki fazli (sivitgaz)
kapanimlarin tuzluluk degerleri hesaplanamamustir.
Olgiim yapilan kapammlarin tamam stvi faza
homojenlesmistir. Kapammlardaki sivi fazin gaz
faza oram fazladir. Elde edilen homojenlesme
sicakliklart (Th °C) Cizelge 2’de verilmistir:

Cizelge 2. S1v1 kapanim 6l¢iim sonuglari

Homojenlesme sicakhigi Th (C*) | Kapamm tiirii
69 iki fazl
85 1ki fazli
91 Iki fazli
93 iki fazli
94 iki fazli
96 iki fazl
96 1ki fazli
100 Iki fazli
108 iki fazli
109 iki fazli
110 iki fazli
111 1ki fazli
114 Iki fazli
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120 Iki fazl
122 1ki fazli
127 1ki fazli

Homojenlesme sicakliklarinin olgiildigi iki fazl
(stvitgaz) kapanimlar sivi  azot kullanilarak
dondurulmus ve ergime sicakliklar1 (Tm°C)
bulunmustur. Olgiilen ergime sicakliklar1 (Tm°C)
ve bunlara karsilik gelen % NaCl esdegerleri
Cizelge 3’te Bodnar (1993)’mn esitligi kullanilarak
hesaplanmistir [25].

Cizelge 3. Tm (°C) ve % NaCl degerleri

% NaCl % NaCl
Tm CO) e/sdeg:f‘i Tm CO) e/sdeg:f‘i
0,8 1,4 0,1 0,2
0,3 0,5 0 0
-0,2 0,4
20,2 0,4
Yapilan 16 adet oOl¢iim degerine  gore,
kapanimlarin homojenlesme sicakligt 69-127 °C
arasinda  degismektedir.  Bununla  birlikte,
kristallerde yaygin olarak izlenen tek fazli (sivi)
kapanimlarin  varligi, olusum  sicakliklarinin

100 °C’nin altinda olduguna isaret etmektedir [26].
Elde edilen homojenlesme sicaklik degerleri de
bunu destekler niteliktedir.  Sivi  kapanim
Olgtimlerinde elde edilen sicaklik araligi 69-127 °C olup
ortalama olarak 103 °C’dir Bu degere gore;

cevherlesmeyi olusturan ¢dzeltilerin epitermal sicakliga
sahiptir (Sekil 9).
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Sekil 9. Degisik yatak tiplerinden elde edilen

homojenlesme-tuzluluk degisim alanlar1
ve cevherlesme alanindan elde edilen sivi
kapanim verilerinin bu yataklarla iliskisi
[26]
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4. SONUCLAR

Bolgedeki cevherlesme Biiyiik Kizilcik ve Kiigiik
Kizileik kasabalarinin kuzeyinde yaklagik 15 km
uzunlugunda 1 km genisliginde irili ufakli mostralar
seklinde gdzlemlenmektedir. Cevherlesme, Ust
Kretase yash Karabdgiirtlen formasyonunu kesen
silis zonu igerisinde bulunmaktadir. Sahada
belirlenen cevherlesme zonu silislesmis
floritli/baritli altere zon olarak goézlenmektedir.
Florit/barit igerikli cevher mineralleri silis zonu
ppm, BKS-2 sondajinda ise ortalama Pb 47 ppm, Zn
202 ppm, As ise 3116 ppm, BKS-3 sondajinda ise
Pb 46 ppm, Zn 220 ppm As 2900 ppm degerleri
almmustir. Ancak kursun ve ¢inko cevherlesmesi
icin ekonomik bir deger elde edilememistir. Arsenik
degerlerinin yiiksek ¢ikmasina ragmen Au degerleri
de oldukca diisiiktiir.

Cevher mikroskopi calismalarina gore az miktarda
pirit, sfalerit, galenit ve submikroskopik organik
malzeme tespit edilmistir. Piritler hem 0&zsekilsiz
taneler halinde, hemde catlak dolgusu seklinde
izlenmistir. Catlak igerisindeki piritler yer yer yar1
radyal dizilimlidir. Sfalerit ve galenitler ise genelde
piritlerin ara, bosluk ve catlaklarinda izlenmistir.
Sfaleritler ayrica devamliligt olmayan catlak
dolgusu seklinde de bulunmaktadir. Cevherlesmenin
kaynagimi teskil ettigi diigiiniilen Granotoyidler bu
caligmada  Toroslar’da  isim  birlikteliginin
saglanmast ve genel adlama olmasi nedeniyle
“Baskil Granitoyidleri” olarak benimsenmistir.

Pirit 6rnegi tlizerinde yapilan izotop analizine gore
® 34S; -3 %o) cevher minerallerinin olusumunu
saglayan hidrotermal cozeltiler igindeki kiikdiirtiin
magmatik kokenli oldugunu gostermektedir. Kuvars
mineralleri iizerinde yapilan 16 adet sivi kapanim
analizinde 69-127 °C arasinda ve ortalama olarak
103 °C olusum sicakligi belirlenmistir. Bu sicaklik
cevherlesmeyi  olusturan ¢ozeltilerin ~ epitermal
sicaliga sahip oldugunu gostermektedir.

Biiyiik Kizileik Pb-Zn cevherlesmelerinde yapilan
caligmalar sonucunda birincil koken olarak
Miyosen’den itibaren bolgeyi etkileyen asidik
karakterli volkanizmanin etkisiyle metamorfik
istifler icerisindeki fay ve kirik catlak sistemlerinde
yerlesmis  silfirli  bir  yataklanma  sekli
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icerisinde diizensiz sekilli yamalar seklindedir.
Jeokimyasal prospeksiyon numunelerinden alinan
sonuglara gore ortalama 215 ppm Pb, 82 ppm Zn ve
1228 ppm As degerleri saptanmistir. Elde edilen bu
sonuglara gore soz konusu silisifiye zonda Pb-Zn ve
As degerlerinin anomali verecek diizeyde oldugu
gozlenmis ve 3 adet lokasyonda sondaj caligmalari
gerceklestirilmistir. BKS-1 nolu Sondaj
karotlarindan alinan 6rneklerden yapilan analizlere
gore ortalama Pb 134 ppm, Zn 542 ppm As 1535

diisiiniiliirken, ikincil cevherlesmeler icin birincil
stlfirli minerallerin ¢dzlinerek tektonik olaylar
sonucu olusan siireksizlik zonlarinda depolandig
diisiiniilmektedir.
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Abstract

An inverted pendulum on a cart (IPC) system, which is a widely used test environment for controller
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Noise and Disturbance Rejection Performance Evaluation on Explicit Model Predictive Control Technique Applied
to Inverted Pendulum with Various Test Scenarios

Cesitli Test Senaryolari ile Ters Sarkaca Uygulanan A¢ik Model Ongoriimlii
Kontrol Teknigi Uzerinde Giiriiltii ve Bozucu Bastirma Performans
Degerlendirmesi

Oz

Uygulama kolaylig1 nedeniyle kontroldr tasarimi i¢in yaygin olarak kullanilan bir test ortami olan araba
iizerinde ters sarkac (IPC) sistemi, dogrusal olmayan ve diisiik harekete gegirilmis 6zellikleri ile farkli
alanlarda uygulama imkénina sahiptir. Bu ¢alismada, acik MPC kontrol yonteminin, iki test durumu ve
analiz yaklagimlar1 kullanilarak giiriiltii ve bozuculara karst performansi incelenmistir. Ayrintili
senaryolarda farkli yoriinge takibi, bozucu ve giiriiltii durumlar1 dikkate alinmistir. Sayisal uygulamalar,
Matlab®/Simulink®'in model dngoriili kontrol ara¢ kutusu tarafindan gergeklestirilmistir. Kontrolciiniin

avantajlar1 ve dezavantajlari, zaman alani spesifikasyonlar1 agisindan tartigilmstir.

Anahtar Kelimeler: IPC, A¢ik MPC, Bozucu bastirma, Giiriiltii azaltma

1. INTRODUCTION

Inverted pendulum on a cart (IPC) is an under-
actuated nonlinear system with non-minimum
phase zero dynamics. Pendulum-based systems are
widely used in real world applications. To mention
a few; rockets, Segway (a mobile inverted
pendulum system), and even bipedal movement
modelling can be modelled by IPC. The main task
of the IPC is balancing an inverted pendulum on a
moving cart. To balance the pole, only horizontal
force input on the cart is permitted [1]. A wide
variety of control approaches can be examined
with IPC due to the aforementioned properties.
Further, IPC systems are widely used as a classical
control problem for teaching control techniques.
Up to date various control methods have been
developed for the IPC. Among these, linear
quadratic regulator (LQR) approach is one of the
fundamental optimal control approaches and it’s an
improvement to full state control by usage of
quadratic cost function in controller optimization
[2]. The LQR uses an infinite horizon approach for
the optimization process. Kumar et al. [3]
presented a modern implication of LQR on IPC
systems. LQG is yet another optimal control
approach with a Gaussian State estimator. Eide et
al. [4] presented a modern example of an LQG
controller on an IPC system. Askari et al. [5]
presented a model predictive control (MPC)
implication on the IPC system. Boubaker [6]
presented a nonlinear control approach to the IPC.
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Even some of the data-driven control approaches
have been implemented on the IPC systems. Baciu
and Lazar [7] presented a data-driven controller
usage on an [PC system.

Disturbance and noise in control systems are the
important challenges to overcome. The disturbance
is unexpected/undesirable effects on the system
caused by external sources. Noise is random
distortion in sensor signals. Although disturbance
or noise can be ignored under ideal conditions,
their effects can be seen in real-life applications.
The performance of controllers under these effects
is very important for both industrial and research
implementations of control systems.

Generally speaking, linear control schemes are
designed by considering an infinite period. Those
types of controllers can provide excellent
performance in well modelled and relatively stable
systems. In particular, the LQR is in this category
and it can give successful results with low
computational cost under fully specified
conditions. However, the LQR may not be able to
reject disturbances and noise effects in an
unpredictable dynamic environment. This dilemma
can be overcome by limiting the optimization
horizon to a finite range with repetitive re-
optimization after each step.

MPC approach is one of the solutions to overcome
the aforementioned drawback. One of the most

C. U. Miih. Fak. Dergisi, 37(3), Evlil 2022
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significant benefits of a MPC technique for
multivariate systems is its ease of deployment.
Further, the MPC can reduce the effects of time
delays and deal with constraints systematically.
Despite the simple nature of the MPC, the
constraints of the system states and control inputs
can effectively be overcome. In the MPC, the
optimization process is implemented in a finite
control horizon with re-optimization after each
time step. The general concepts of the MPC
approach have been presented in Figure 1. By
using this approach, a controller might adapt to
unpredicted parameter effects, disturbance effects,
and noise effects to produce the required control
performance with desired system control
parameter ranges. Other significant advantages
include its capacity to avoid the influence of time
delays due to its nature and the systematic
inclusion of system restrictions in the design
process.

The application of MPC on an IPC to analyze the
effects of input disturbance was studied by Mills et
al. [8]. It should be noted that conventional MPC
has high computational costs due to its online
optimization approach. However, Bemporad et al.
[9] presented a linear programming-based explicit
MPC solution that reduces optimization cost by
converting the online optimization approach to
offline optimization with an affine piecewise
computation approach. Furthermore, Bemporad
presented a chapter about the explicit MPC
approach in [10], where the central notion of the
explicit MPC is discussed.

Output Setpoint

Predicted Output

Past Measured

1

Control Action

Past Control Action : o
: >

k k+ N k+ Np Time
Control Horizon :

Prediction Horizon :
>

Figure 1. MPC Horizon Scheme (k is the time
step representation, N, is the selected
control horizon time-step, and the N, is
the selected prediction horizon time-

step)
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The linear control strategy is used in the
conventional MPC control approach. An IPC, on
the other hand, is a nonlinear system. Hence
several prominent nonlinear methods are presented
in various studies. For example, Jaiwat and
Ohtsuka [11] designed nonlinear model predictive
control (NMPC) to tackle a double IPC system
swing-up problem. Hybrid MPC is another
solution for systems with continuous-valued states
and discrete-valued states. Patne et al. [12]
presented an FPGA application of HMPC on an
IPC system, wherein a step-by-step technique for
FPGA implementation wusing the inverted
pendulum model is demonstrated. A further
solution is Robust MPC (RMPC) to control
nonlinear systems. In this context, Tian et al. [13]
addressed an RBF-ARX-ERPC approach for the
solution of an IPC by using model-based RMPC.
Data-driven control is yet another approach to
solution of nonlinear control problems. Verhoek et
al. [14] presented a data-driven predictive control
(DPC) solution on double IPC.

The prediction horizon is a finite time range where
the MPC controller tries to predict the outcomes
and the effects on the controlled systems. The
control horizon is another finite time range where
the controller predicts the required control inputs
in that time range for each time step to the
controlled system and produces desired plant
output. The MPC predicts output in a range of
prediction horizon and predicts required Au in the
range of control horizon (after that point, du is
assumed as 0).

The repetitive online optimization process of the
MPC approach requires a considerable amount of
computational power which limits applications of
the MPC controllers. To deal with extensive
computational cost requirements, the Explicit
MPC approach was presented by Bemporad [9] by
using an offline optimization process. In the
explicit method, solutions are found across all
regions in an offline manner by converting the
process calculations to piecewise affine functions
which  require fewer computation costs.
Performance analysis of Explicit MPC applied to
IPC with various optimization parameters of
trajectory and pole stability without noise and
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disturbance inputs has been presented by in a
recent study [15].

The main motivation of this research is to assess
the noise and disturbance rejection capability of
the Explicit MPC method applied to an inverted
pendulum system. Therefore, various
configurations on the positional trajectory,
disturbance, and noise have been defined. Then,
testing scenarios have been developed for
trajectory tracking schemes, disturbance rejection
capabilities and measurement noise scenarios.

2. MATERIAL AND METHOD
2.1. Material
2.1.1. IPC Model

The system model represented in Figure 2a has one
control input. The controllers have been utilized by
consideration of the reference trajectory, the
position state feedback, and the pole angle state.
The general diagram of the control structure is
shown in Figure 2b. As a computation and
simulation tool, the Matlab®/Simulink® program,
the Control Toolbox, and the MPC Control
Toolbox have been used to design and implement
the controllers.

X
F Controller l—"-| IPC ]

b)

Figure 2. a) Schematic representation of an IPC b)
Block diagram of a used closed-loop
structure

In Figure 2, M, m, b, I, I, F and F represent the
mass of the cart, the mass of the pendulum,
coefficient of friction between the ground and cart,
length to the pendulum center of mass (COM),
mass moment of inertia, force applied to the cart
and friction force, respectively. Furthermore, u, x
and 6 show the control signal, state of cart position
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and pole angle, respectively. The numerical values
of the parameters are given in Table 1.

Table 1. The numerical values of IPC parameters
M m b l
1kg lkg 10 N/m/sec 0.5m

The dynamical equations of the IPC [16] have
been shown in Equations 1 and 2.

(M+m)5é+b5c+ml'€')cos9—mlé)z sin 6 =F €))

(I+mP)+mgl sin O=-mlx cos 0 ()

The dynamical system equations are nonlinear.
Hence, those equations have to be linearized for
the utilization of the Explicit MPC technique.
Toward this goal, the system is linearized by
selecting an equilibrium point then a linear
approximated model is obtained. During the
linearization, the upward position (6 = ) has been
selected as the equilibrium point. The linearized
model of the nonlinear system can be employed for
small angular deviation (¢) where ¢ has been
limited to +20°. The results of the linearized
system and the linear governing equations have
been given in Equations 3 and 4.

(1+mP)-mglp=mls (3)
(M+m)3%+bx-ml=u 4)

The state-space model has been implemented for
the IPC system. The obtained equations of the
linearized IPC system have been shown in
Equations 5 and 6. The state-space model has been
utilized for the Explicit MPC approach [17].

0 1 0 0
x 0 - +ml*)b m2gl? 0 x
[ I(M+m)+Mmi2 (M +m)+ Mmi? x
é| o 0 0 1|[®
é 0 —mlb mgl(M +m) 0 ¢
IM +m) +Mml? (M +m)+ Mml? 5
0 (5)
I +ml?

2
n I(M+m())+Mml u

ml
[I(M +m)+ MleJ
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By using the parametric values in Table 1 and
Equations 5 and 6, the following state matrices can
be obtained. The additional dimensions in B and D
are caused by disturbance.

A B
X1 o 1 0 0J[*1 o 0]
¥ lo —10 981 of|*|,|o0 1 (7)
#|=lo o o 1|[®[T]o of*
) 0 —20 3924 ollel 12 2
X
1 0 o0 off¥], 50 o
y_[o 0 1 o]¢+[o o]“ (®)
¢ l¢l o

2.1.2. Environments and Testing Scenarios

Environment  scenarios are created with
consideration of regulation, trajectory tracking,
disturbance and noise conditions. Two different
scenarios have been determined. In theory,
movement sequences do not affect an evaluation of

controller performance for correctly tuned
controllers. But in real-life  conditions,
nonlinearities and inertial effects may play

unpredictable effects, especially in sequences that
include start-stop or direction-changing/oscillating
conditions. The first trajectory sequence is the
classical step reference signal for trajectory
tracking. The second sequence provides conditions
to analyze oscillating trajectory tracking
performance, which provides insights about
properties under direction change.

Table 2. Position tracking performance test environment configurations

Sequence Istsec | 6™sec | 11™sec | 16™ sec Notes
Sequence 1 | 0 | 0.2m 0.2m 02.m 0.2m Step reference of 0.2 m at 1% sec
Oscillating
Sequence2 | 0 | 0.15m | -0.15m | 0.15m | -0.15m Trajectory tracking (performance under
direction change)

The proposed scenarios and various configuration
options have been presented in Table 2. The
disturbance is a 1IN force change when
implemented. The noise is a band-limited white
noise with a 1x10” gain option on pole angle
readings when utilized.

2.1.3. Explicit MPC

In implicit MPC (classical MPC), the optimization
solution for control occurs in an online manner.
Online optimization calculations require less
memory but higher computational power. In the
explicit MPC, the optimization calculations are
made offline manner. The explicit MPC pre-solves
optimization problems and converts the problem to
regions in a piecewise affine manner which is
easier to calculate. This approach demands higher
memory with a less computational cost which is
suitable for industrial applications. In Equation 9,
the process has been shown. The complex
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optimization problem is reduced to arithmetic
calculations [10].

N-1
1 1
min Z 5k — 1)'Qy i — 1) + 5 Aug RpAuy
z,€ 2 2
k=0 (9a)
+ (g — up)'R(uy — uy)’
+ pee?
S.t. X1 = Axy + Buy + B,vy (9b)
Vi = ka + Duuk + vak (90)
U = Up—1 +Auk,k = 0, ,N-l (9d)
My =0k= Ny ..,.N—1 (%)
ulr;in Sug = uﬁ,ax,k=0, e Ny =1 (9f)
Auk,, < Au < AK Gk =0,.. N, — 1 9g)
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6Vmin =< y‘rlr{Lax + EVmax: k
=0,..,Nc—1

k
Ymin —

(9h)

In Equation 9; N is the prediction horizon, N, is the
control horizon, and N, is constrain horizon. y; is
output vector, 7y is tracked reference, uj, is input
reference, and uy is the reference. Ry, O,, and R are
matrices. v is the vector of measured disturbances,
i 1s the output vector, 7, is tracked reference, Au,
is the input increments vector and uj, is the input
reference. uﬁu‘ns ufnaxa Aufn.ina A!rcna;»ca ynkun and y‘rlr{Lax
are limits.

2.1.4. Controller-Application of Explicit MPC

The simulation models for the explicit MPC
method are constructed by utilizing the Model
Predictive Control Toolbox of Matlab/Simulink.
The Output Variable (OV) of the positional
tracking weight w, has been examined by a value
of 0.75. Trajectory tracking is the primary
objective of the study. Lower weight results in a
lower cost of positional tracking, which directs the
optimization process towards better trajectory
tracking. Hence, the w, can be selected as a lower
value. MPC controllers have adequate pole
balancing performance. Hence wy value is selected
as 1.

2.2. Method

In the current study, two different comparisons
were made using the Explicit MPC controllers
with different control inputs, outputs and two
different trajectories: disturbance and noise
scenarios. In the first comparison, step trajectory
tracking performance of controllers with control
input constraints at three different levels (no limit,
F=£1, F=+2) were examined. In the second
comparison, the oscillating trajectory tracking the
performance of controllers with the same three
different levels of control input constraints were
examined. Both comparisons are examined in
scenarios without disturbance and noise effects
without control input restrictions as the first steps.
The relevant comparison options are shown in
Table 3.
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Table 3. Configurations for analyses

Analyzing performance Control
effects of control input limit, Wy input
disturbance, and noise limit
1** comparison: F=0
b usinp ste tfa'ecto 0.75 | F=21
y g step trajectory F=47
2" comparison: F=0
. oy . 0.75 | F=+1
by using oscillating trajectory F=12

3. RESULTS AND DISCUSSIONS

The results of the first group of trials have been
presented in Figure 3. The figure is based on a step
trajectory reference of 0.2 m. 1IN disturbance is
introduced at the 7" second.

The first line (solid line) represents a pure response
of the controller from the IPC without disturbance
and noise scenario. The dotted line represents the
controller configuration without control input limit
under disturbance and noise conditions.

The dashed line represents the controller with
limited control input (x1N) and the dash-dot line
represents the controller with limited control input
(£2N) under disturbance and noise scenarios.

The controller configurations (except F=+1N) have
shown adequate trajectory tracking performance.
The reference position has been achieved in 4
seconds. The effect of the noise is successfully
compensated by the controllers. The controller
with limited control output of =1 was able to track
trajectory until the introduction of disturbance.
After the disturbance, the controller cannot
produce the required control force which causes
inadequate trajectory tracking performance due to
limited control output level. However, the
controller with F=+2N can produce adequate
tracking performance with slight misses and
overshoots. The misses are caused by the control
input production limit. The limit causes response
latency which also creates overshoots.

C. U. Miih. Fak. Dergisi, 37(3), Evlil 2022
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o

Control output (N)

In the second scenario, an oscillating trajectory
tracking the performance of explicit MPC
controllers have been inspected. The results of the
second group of tests have been shown in Figure 4.

Unlike the first scenario, the controller with
control input limit *IN showed inadequate
position tracking performance before the
introduction of disturbance input. This result is
caused by the required control input by the
direction change. £IN limited controller cannot
produce the required control signal for the
direction change which caused the poor
performance on trajectory tracking for the sequent
movement. After the introduction of the
disturbance, *£IN controller cannot produce a

C. U. Miih. Fak. Dergisi, 37(3), Eyliil 2022

14

Time (s)
Figure 3. The results of the first group of tests which include a step trajectory (with/without noise and
disturbance)

reasonable control input signal for the plant which
causes total failure of its tracking performance.
The controller with a +£2N limit produced adequate
positional tracking performance, even after
direction change and disturbance. The +2N limited
controller showed a slight tracking performance
cost due to the limit on instantaneous control force
limitation which causes a slight amount of
overshoot when compared to the limitless
controller. But the positional tracking performance
differences of +2N limited and limitless controller
can be neglected.

The results of the trials have shown that an

Explicit MPC with adequate control input limit can
track positional trajectory with pole balance on
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various trajectory scenarios, disturbance effects,
and noise effects.

4. CONCLUSION

Disturbance and noise have detrimental factors in a
control system. Disturbance rejection and noise
attenuation are some useful properties for the
performance assessment of a controller. In this
context, an explicit MPC-based controller can
work under such undesirable conditions. With this
motivation in mind, several Explicit MPC
controller configurations of various control output
limits have been implemented on the step and
oscillating trajectory tracking with disturbance and
noise scenarios. The IPC system was selected as
the controlled plant due to IPC’s under-actuated
nonlinear system with non-minimum phase zero

0.5 T T

dynamics and its wide usage. Most of the
controllers (except the controller with a £1N limit)
showed adequate position tracking performances
even under disturbance and noise conditions.

The classic and Explicit MPC approaches are
based on the linear control approach. To utilize
those controllers on a nonlinear system, a
linearization process has to be implemented. The
linearization process alters the characteristics of a
system for linearization reference state ranges.
Unfortunately, there can be significant differences
between nonlinear and linear characteristics. A
linearized model might not reflect the reality of a
system. Hence, controlling a nonlinear system
might be beneficial for implementations. In a
future study, an IPC system can be analyzed
without linearization.

Paosition (m)

***** no disturbance and noise

no input limit — — — F=aiN s Foson

o 2 4 [}

8 10
Time (s)

12

0.05

————— no disturbance and noise

N input imit — — — F=2iN _srreeeeees FezaN

Pole Angle (rad)
o

0.5

0 2 4 6 8 10 12 14 16
Time (s)
T
***** no disturbance and noise no input limit — — —F=x1N =reeeers F=a2N ‘
-~
-
14 16

Control output (N)

[==—- no disturbance and noise no input imit_ — — — F=£1N_sweseseee F=22N | ) )
) 2 4 5] 8 10 12 14 16
Time (s)
Figure 4. The results of the second group of tests which include an oscillating trajectory (with/without
noise and disturbance)
650 C.U. Miih. Fak. Dergisi, 37(3), Eyliil 2022



Hiiseyin Emre OZGUR, Necdet Sinan OZBEK, Mehmet Ilteris SARIGECILI

5. REFERENCES

1. Tedrake, R., 2022. Underactuated Robotics:
Algorithms for Walking, Running, Swimming,
Flying, and Manipulation (Course Notes for
MIT 6.832).

2. Kalman, R. E. 1960. Contribution to the
Theory of Optimal Control, Bull. Soc. Math.
Mex, 102—-119.

3. Kumar E., V., Jerome, J. 2013 Robust LQR
Controller Design for Stabilizing and
Trajectory Tracking of Inverted Pendulum,
Procedia Eng., 64, 169—-178.

4. Eide, R., Egelid, P.M., Stamse, A., Karimi, H.
R., 2011. LQG Control Design for Balancing
an Inverted Pendulum Mobile Robot, Intell.
Control Autom., 02(02), 160—166.

5. Askari, M., Mohamed, H.A.F., Moghavvemi,
M., Yang, S. S., 2009. Model Predictive
Control of an Inverted Pendulum, 2009 Int.
Conf. Tech. Postgraduates (TECHPOS 2009),
Kuala Lumpur, 6, 1-4.

6. Boubaker, O., 2013. The Inverted Pendulum
Benchmark in Nonlinear Control Theory: A
Survey, Int. J. Adv. Robot. Syst., 10(5), 233.

7. Baciu, A., Lazar, C., 2021. Data Driven
Control for Swing-up and Stabilization of an
Inverted Pendulum System. 2021 29" Mediterr.

Conf. Control Autom. (MED 2021),
1155-1160.
8. Mills, A., Wills, A., Ninness, B., 2009.

Nonlinear Model Predictive Control of an
Inverted Pendulum. 2009 American Control
Conference, St. Loise, 2335-2340.

9. Bemporad, A., Borrelli, F., Morari, M., 2002.
Model Predictive Control Based on Linear
Programming-The Explicit Solution, IEEE
Trans. Automat. Contr., 47(12), 1974-1985.

10. Bemporad, A., 2019. Explicit Model Predictive
Control. Encycl. Syst. Control, 1-7,.

11.Jaiwat, P., Ohtsuka, T., 2014. Real-Time
Swing-up of Double Inverted Pendulum by
Nonlinear Model Predictive Control. 2014 5"
Int. Symp. Adv. Control Ind. Process.,
Hirosima, 290-295.

12.Patne, V., Ingole, D., Sonawane, D., 2020.
FPGA Implementation Framework for Explicit
Hybrid Model Predictive Control, IFAC-
PapersOnLine, 53(1), 362-367.

C. U. Miih. Fak. Dergisi, 37(3), Eyliil 2022

13.Tian, X., Peng, H., Zhou, F., Peng, X., 2019.
RBF-ARX Model-based Fast Robust MPC
Approach to an Inverted Pendulum, ISA
Transactions, 93, 255-267.

14. Verhoek, C., Abbas, H. S., Toth, R., Haesaert,
S., 2021. Data-Driven Predictive Control for
Linear Parameter-Varying Systems, IFAC-
PapersOnLine, 54(8), 101-108.

15.0zgur, H.E., Ozbek, N.S., Sarigecili, M.IL.,
2022. Assessment of Lqr and Explicit Mpc
Methods for an Inverted Pendulum on a Cart
System. 2022 MAS 16" International European
Conference on Mathematics, Engineering,
Natural & Medical Sciences, Mardin, 225-234.

16. Franklin, G.F., Powell, J., Emami-Naeini, A.,
Sanjay, H.S., 2015. Feedback Control of

Dynamic Systems (7/E Global Edition),
Pearson Education Ltd.
17.CTMS  Michigan  University, "Inverted

Pendulum: System Modeling.”, https://ctms.
engin.umich.edu//. (Accessed 12.04.2022).

651



652 C.U. Miih. Fak. Dergisi, 37(3), Eyliil 2022



Cukurova Universitesi Miihendislik Fakiiltesi Dergisi, 37(3), ss. 653-661, Eyliil 2022
Cukurova University Journal of the Faculty of Engineering, 37(3), pp. 653-661, September 2022

SCADA Sistemi: Sehir i¢i ve Sehirleraras:1 Yollarin Aydinlatma
Sisteminin Kontrolii ve Otomasyonu

Mohammed H. IBRAHIM "' ORCID 0000-0002-6093-6105

"Necmettin Erbakan Universitesi, Miihendislik Fakiiltesi, Bilgisayar Miihendisligi Boliimii,
Konya

Gelis tarihi: 19.04.2022 Kabul tarihi: 23.09.2022

Anf sekli/ How to cite: IBRAHIM, M.H., (2022). SCADA Sj.l'stemi: Sehir I¢i ve Sehirlerarast Yollarmn
Aydinlatma Sisteminin Kontrolii ve Otomasyonu. Cukurova Universitesi, Miihendislik Fakiiltesi Dergisi,
37(3), 653-661.

Oz

Denetim kontrolii ve veri toplama (SCADA) sistemleri, petrol ve su dagitim otomasyonu, enerji
otomasyonu ve su aritma sistemi otomasyonu gibi ¢esitli alanlarinda kullanilmaktadir. Bu c¢aligmada,
sehir i¢i ve sehirlerarast yollarin aydinlatma sisteminin izlenmesi ve kontrolii i¢in Visual Studio C#.NET
ortaminda gelistirilen bir SCADA sistemi yazilimi tasarlanmustir. Tasarlanan SCADA yaziliminda, sehir
i¢i ve sehirlerarasi yollarin aydinlatma sistemindeki tiim olaylarin izlenmesi ve kontrolii, animasyonlar ve
renkli grafikler ile ifade edilerek gergeklestirilmistir. Bu olaylar, sahada bulunan 1sik siddetini 6lgen,
arizalar tespit eden algilayicilar ile aydinlatma direkleri ekipmanlarinin nasil galistigini ve baglanti
yapilarini igermektedir. Ayrica tasarlanan SCADA yazilimi sehir i¢i ve sehirlerarast yollarin aydinlatma
sisteminin giinliik verilerini, alarm ydnetimini, giivenlik yonetimini, veri arsivini ve raporlama iglemlerini
de kapsamaktadir. Sonug olarak, Irak-Kerkiik sehrinde yapilan uygulama ile tasarlanan SCADA sistemi
yazilimimin gehir i¢i ve sehirlerarast yollarin aydinlatma sistemi kontroliinde es zamanli, hatasiz ve
verimli bir gekilde ¢alistig1 kanitlanmustir.

Anahtar Kelimeler: Algilayici, Aydinlatma direkleri, Aydinlatma sistemi, Mikrodenetleyici, SCADA

SCADA System: Control and Automation of Lighting System of Urban and Inter-
Urban Roads

Abstract

Supervisory Control and Data Acquisition (SCADA) systems are used in various areas such as the
automation of oil and water distribution, energy automation, and the automation of water treatment
systems. In this study, Visual Studio C#.NET program-based SCADA system software is designed to
monitor and control the lighting system for urban and inter-urban roads. In the designed SCADA
software, the monitoring and control of all the events of the lighting system of the urban and inter-urban
roads are carried out in the form of animated color graphics. These events include how sensors such as
light intensity and fault detection in the field and lighting pole equipment work and how they are related.
In addition, the designed SCADA software includes daily data of the lighting system of urban and inter-

*Sorumlu yazar (Corresponding author): Mohammed H. IBRAHIM, mibrahim@erbakan.edu.tr
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urban roads, alarm management, security management, data archive, and reporting processes. As a result,
it has been proven that the SCADA system software designed with the application in the city of Iraqg-
Kirkuk works simultaneously, error-free, and efficiently in the control of the lighting system of urban and

interurban roads.

Keywords: Lighting poles, Lighting system, Microcontroller, SCADA, Sensor

1. GIRIS

Son yillarda otomasyon cihazlari, endiistriyel
sistemlerde siireclerin parametrelerini izlemek ve
kontrol etmek i¢in kullanilan basit elektronik
devrelerden, otomasyon aglarinda birbirleriyle
iletisim kuran akilli cihazlara doniismektedir.
Otomasyon cihazlarinin  gelisimi, otomasyon
stirecinden kontrol parametrelerinin ve durum
degiskenlerinin  gorsellestirilmesi  i¢in  yeni
tekniklerin  gelistirilmesine yol ac¢mustir [1].
Otomasyon ekipmanlari ireten firmalar, ilk
gorsellestirme sistemlerini gelistiren ve uygulayan
firmalardir ve bu firmalar tarafindan Viewer
adinda genel amagli bir otomasyon yazilimi
gelistirilmistir. Denetim kontrolii ve veri toplama
(SCADA) sistemi, algilayicilar  araciligiyla
dagitilmis siireglerden veri toplar ve bu veriler
merkezi bir bilgisayar tarafindan 6n islemden
gecirilerek  saklanir.  Sistem, insan operator
tarafindan islenen verilere dayali olarak komutlari
otomatik olarak veya manuel olarak alabilir [2].
SCADA terimi ilk olarak 1960’larda Bonneville
Gii¢ Idaresi’nde sunulmustur ve ilk olarak Giig
Endiistrisi Bilgisayar Uygulamalar1 kongresinde
bildiri olarak yaymlanmistir. Genel olarak,
SCADA sistemi endiistriyel siireglerin  uzak
bolgelerden izlenmesi ve kontrol edilmesi igin
kullanilmaktadir [3]. Endiistriyel sistemlerinde,
birden fazla noktadan siireci izleme ve endiistriyel
sistemlerin ¢aligmasin1  kontrol etme ihtiyaci
cagimizda Onemli bir konu haline gelmektedir.
Ancak mevcut olan SCADA sistemlerinde
kullanilan farkli platform tiirleri ile uyumsuzluk,
temel bir engel olarak bilinmektedir. Ayrica,
maliyet, giivenlik, erisilebilirlik, sistem
entegrasyonu, veri biitiinligii ve tutarlilik gibi
problemler de bulunmaktadir [4,5]. SCADA
kullanim felsefesi 1971 yilinda Gould Modicon
tarafindan tasarlanan ve iiretilen Programlanabilir
Lojik  Kontrolorler  (Programmable  Logic
Controllers PLCs) ile degismistir. Elektrik Giig
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Sistemindeki PLC’ler, 1977 yilinda Allen-Bradley
tarafindan tanmitildi ve elektrikgiler tarafindan
bir¢ok Elektrik Gii¢ Sistem projelerinde kullanild.
SCADA terimi ilk kez 1980’lerin sonlarinda

kullanilmistir, fakat bu kavram, teknolojinin
gelistigi  1990°lara  kadar  yaygin  olarak
kullanilmamustir  [3].  1998’de, PLC firetici

firmalarmin ¢ogu, iletisim sistemleri ve agik
protokoller kullanarak Insan Makine Arayiizii’nii
(Human Machine Interface HMI) SCADA
sistemlerine  entegre  etmistir. HMI/SCADA
sistemlerine kontroldrler, giris-¢ikis cihazlari, aglar
ve sisteme uygun yazilim gibi bilesenleri dahil
ederek HMI/SCADA sistemleri PLC’ler ile tam
uyumluluk sunmaktadir [6]. Genel bir SCADA
sistemi, dagitilmis  bir  veri  tabanindan
olugsmaktadir ve bu dagitilmig veri tabani, donanim
veya yazilim olabilen u¢ noktalar adi verilen
ogeleri icermektedir [7]. SCADA sistemi
sayesinde giris veya ¢ikis ug¢ noktalar1 kontrol
edilir ve izlenir ayrica tiim ug¢ noktalarinin ge¢mis
durumlarmma sahip olmak i¢in u¢ noktalarinin
durumlart veri tabaninda saklanir. Ayni zamanda,
SCADA sistemi Elektrik Gii¢ Sisteminde tahmini
bakima ve sistem giivenligine yardimci olmaktadir
[8,9]. Boylece SCADA sistemi, temel islevler,
haberlesme ve grafik kullanici araylizii olmak
iizere ilic katmanli bir yapiya sahiptir. Temel
islevler katmaninda, gercek zamanli olarak
denetlenen donanmimlarin  bilgileri haberlesme
protokolleri yoluyla ile anlik olarak grafik
kullanici yazilimi arayiiziinde grafiksel olarak
izlenebilir ve denetlenebilir. Ayrica grafik
kullanic1 arayilizii yazilimi donanimlardan elde
edilen verileri toplama, alarm yonetimi, veri tabani
yonetimi ve raporlama iglemleri gibi 6zellikleri de
icermektedir [10]. Son zamanlarda, arastirmacilar
tarafindan SCADA sisteminin kullanim alanlari ile
ilgili literatiirde ¢esitli ¢aligmalar yaygin olarak
bulunmaktadir. Ornegin, yenilenebilir  enerji
kaynaklar1 olan riizgar enerjisi sisteminin takibi
[11], akilli binalarin giines enerjisi sisteminin
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kontrolii [12], gilines ve riizgar enerjisi dagitim
sistemlerinin izlenmesi ve kontroli [10] gibi
uygulamalarin ~ yaninda  yenilenebilir  enerji
sektoriinde SCADA sistemleri farkl
uygulamalarda basarili bir sekilde kullanilmigtir
[9,11-13]. SCADA sistemleri, su aritma sistemleri
[6,14], su dagitim sistemleri [15,16] ve kritik
altyap1 kazalarinin [17] izlenmesi ve kontrolii gibi

su ve altyapt sistemlerinde kullanilmaktadir.
Ayrica, SCADA sistemleri dogal gaz [18] ve
petrol sektoriiniin  [19] dagitim sistemlerinin

izlenmesi ve kontrolii, aynt zamanda petrol aritici
sistemlerinde de kullanilmaktadir [20,21]. SCADA
sistemleri veri madenciligi ve makine 6grenme
algoritmalart  ile  enerji  lretim  tahmini
sistemlerinde de kullanilmaktadir [22].

Bu c¢alismada, SCADA sistemi sehir igi ve
sehirlerarast  yollarin  aydinlatma  sisteminin
izlenmesi ve Kkontrolii amaci ile kullanilmigtir.
SCADA sistemi ile arizalar tespit edilerek ve bu
arizalara gore ani miidahaleler yapilarak sehirler
icin park ve sokaklarda giivenlik saglarken
sehirlerarasinda dengeli bir 151k sistemi ile giivenli
bir trafik saglar. Bu ¢aligmanin birinci bdliimiinde,
SCADA ve SCADA kullanimi hakkinda bilgiler
verilmistir. Ikinci béliimiinde, SCADA hakkinda
genel bilgiler verilmistir. Uciincii béliimiinde, sehir
ici ve sehirlerarasi aydinlatma sistemi hakkinda

Layer structure Technologies
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bilgiler sunulmustur. Dordiincli  boliimiinde,
SCADA sistemi ile sehir i¢i ve sehirlerarasi
aydinlatma sisteminin tasarimi agiklanmigtir. Son
boliimde ise ¢alismanin sonucu verilmistir.

2. YONTEM

Bu caligmada kullanilan materyal ve yontemler bu
basligin alt basliklarinda detayl olarak verilmistir.

2.1. SCADA Sistemi

SCADA, Tirk¢esi “Denetim kontroli ve veri
toplama” anlamina gelen “Supervisory Control and
Data Acquisition” kelimelerinin bas harflerinden
olusmaktadir [23]. SCADA sistemi genel olarak
donanim, haberlesme ve yazilim olmak {izere ii¢
katmandan olugmaktadir [3]. Donanim
katmaninda, saha ekipmanlari, bu ekipmanlari
kontrol eden uzak u¢ birimi (Remote Terminal
Unite RTU), PLC ve mikrodenetleyici gibi
denetleme ve veri toplama kartlar1 bulunmaktadir.
Haberlesme katmaninda haberlesme cihazlari
bulunmaktadir. Yazilim katmaninda ise denetleme
ve veri toplama kartinin yazilimi ile merkezi Insan
Makine Araylizii (HMI) yazilimindan
olusmaktadir. Genel bir SCADA sisteminin yapisi
Sekil 1°de verilmistir.

Architecture

Supervisory SCADA

Database

PLC Modem

GPRS, Internet,

Communication Radio, Satellite,

PROFINET

Connectivity: wired or wireless —_

OPC, VPN
PLC "
Local control PLE & KT
& HMI
g Sensors &
Pl Actuators

o8 4§ [5“6.'

Sekil 1. SCADA sisteminin yapist [6]
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SCADA sistemi, isleme endiistrilerinde tiretkenligi
ve verimliligi ciddi bir sekilde artiran bilgisayar
teknolojisinin son derece onemli bir
uygulamasidir. SCADA sistemi genellikle tiretim
islemleri, aritma iglemleri ve dagitim sistemleri
iizerinde  uygulanmaktadir  [24]. SCADA
sistemleri, kontroliin yan1 sira, biiyiik ve karmagik
isletme  sistemlerinin  giivenli  bir  sekilde
calistirilabilmesi ve nispeten kiigiik bir ekip
tarafindan bakiminin yapilabilmesi i¢in izleme,
veri toplama, alarm, raporlama ve problem teshis
fonksiyonlarm1 da yerine getirmektedir [25].
SCADA sisteminin iglevleri asagida sirasiyla
verilmistir.

Kontrol islevi: SCADA sistemleri, tanklarda
belirli seviyeleri, akig hizlarini, belirli sicaklik ve
basing degerlerini elde etmek i¢in P, PI ve PID

kontrol algoritmalart gibi standart kontrol
algoritmalari1  ¢alistirabilir.  Ayrica, SCADA
sistemleri ile pompalarin  baglatilmasi  ve

durdurulmasi, vanalarin agilmast ve kapanmasi ve
diger saha ekipmanlarinin Ag¢ma/Kapama olarak
otomatik kontrolii saglanabilir [26].

izleme islevi: Genel olarak, saha aygitlar ile
operator arasinda etkili bir gorsel arayiiz yazilim
saglamak SCADA sisteminin énemli bir iglevidir.
Bu gorsel arayiiz yazilimi, saha ekipmanlarinin
degerlerini  goriintiilemek ve bu degerleri
animasyonlu grafiklerin igine dahil etmek igin
gelismis bir arag setine sahiptir. Ayrica, gergek
zamanli olarak veri toplama ve bu verilerin

zamana dayali degisimlerini gostererek
sireclerdeki degisimlerin detayli bir sekilde
gozlemlenebilmesine olanak saglanir [27].

Veri toplama ve raporlama islevi: Sahada

bulunan ekipmanlardan toplanan veriler sisteme
belirli bir haberlesme yontemi ile aktarildiktan
sonra, SCADA sistemi se¢ilen verileri daha sonra
geri  cagirabilmek ve gbozden gecirebilmek
amaciyla arsivler. Bu veriler, sahada bulunan
ekipmanlarin belirli zaman ve tarih araliginda ki
durumlarmi  igermektedir.  Ornegin,  hangi
alarmlarin meydana geldigi, hangi ayar noktasi
degisikliklerinin yapildigt ve hangi ekipmanin
baslatildig1 veya durduruldugu gibi bilgileri igerir.
Ihtiyag durumunda, arsivlenen veriler kronolojik
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akiglarina gore SCADA sisteminden .csv, .docx
veya .pdf dosya formatinda rapor seklinde disari
aktarilabilir [4].

Alarm islevi: SCADA sisteminde veriler grafik
ekranlarina entegre edilir ve sistemde istenmeyen
durumlar sonucu meydana gelen alarmlar,
grafiksel, telefon aramasi veya bildirimler seklinde
kullanicilara bildirilir [25].

2.2. Sehir i¢i ve Sehirlerarasi Aydinlatma
Sistemleri

Gilinlimiizde sehir i¢i ve sehirlerarast aydinlatma
sistemleri gilivenlik a¢isindan 6nem tasimaktadir.
Bir sehrin park alanlarinda ve sokaklarinda
giivenlik saglayan aydinlatma sistemleri ayni
zamanda sakin ve 151kl1 bir atmosfer yaratmaktadir.
Bunlara ek olarak, sehrin aydinlatma sistemleri
vatandaglara yaya ve bisiklet yollarinda olasi
zemin  diizensizliklerinin ~ fark  edilmesini
saglamaktadir. Sehir ici ve sehirlerarasinda
bulunan trafik yollari, caddeler ve ¢evre yollari
dengeli bir aydinlatma sistemi ile yolculara ¢ok
giivenli bir trafik ve ¢evrenin daha iyi bir sekilde
algilanmasini saglamaktadir. Dolayisiyla, sehir ici
ve sehirlerarasi yollarinda meydana gelen kazalari
ve kotii olaylari en aza indirmek amaciyla sehir ici
ve sehirlerarast yollar i¢in dogru ve kaliteli bir
aydinlatma sistemi sarttir. Sehir i¢i ve sehirlerarasi
aydinlatma sistemlerinin goriintiileri Sekil 2’de
verilmigtir.

aydlnlata

Sekil 2. Sehir  ve
sistemleri

sehirlerarasi
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Tim sehirler, vatandaslarina enerji, iletisim, kamu
aydinlatmasi ve diger hizmetleri saglayan altyap1
aglarina sahiptir. Bu altyapr aglar1 biiyiik bir
entegrasyon icinde olmasina ragmen,
degistirildiginde veya giincellendiginde, genellikle
birbirinden bagimsiz olarak yapilmaktadir. Fakat
modern teknoloji, daha giivenli sehir ortamlari,
daha iyi baglant1 ile sehirlere ve vatandaslarma
daha fazla hizmet sunmak icin bu entegrasyonu
kullanabilir. Kamu aydinlatma altyapist bir sehir
icin yalnizca akilli aydinlatma sistemi degildir,
ayni zamanda birden fazla islev ve fayda sunan bir
sistemdir. Sehir i¢ci veya sehirlerarasi yollarinda
bulunan aydinlatma direkleri bir merkezden
izlenebilir ve kontrol edilebilir durumunda olmasi
icin telekomiinikasyon teknolojileri ile entegre
edilebilir. Merkezi sistem izleme ve kontrol
sayesinde sehirlerin ve gehirler arasinda yer alan
yollarin trafiginin olmadig1 zamanlarda aydinlatma
tasarrufu yapilabilir ya da tamamiyla kapatilabilir.
Buna ek olarak, sehir icinde veya sehirler arasinda
bulunan aydinlatma direklerinin algilayicilarin da
bir ariza meydana geldiginde yerinde miidahaleye
gerek kalmadan bu direkler merkezden kontrol
edilebilir.

3. SEHIR ICi VE SEHIRLERARASI

AYDINLATMA SISTEMLERI
ICIN TASARLANAN SCADA
YAZILIMI

Bu boliimde, sehir i¢i ve sehirlerarast aydinlatma
sistemi i¢in tasarlanan SCADA yaziliminin
tasarimi agiklanmistir. Bu ¢alismada, Irak-Kerkiik
sehrinin ana caddeleri ve Kerkiik sehrinin bagh
oldugu komsu sehirleri arasinda sehirlerarasi
yollarinin  aydinlatma  sistemleri  tasarlanan
SCADA yazilimu ile izlenmis ve kontrol edilmistir.
Vatandaglar tarafindan belirli zamanlar arasinda bu
yollarin bazilar1 yogun bir sekilde kullanilirken
digeri ise yogun bir sekilde kullanilmamaktadir.
Tasarlanan SCADA yaziliminin izleme yetenegi
ile bu yollarda dengeli bir aydinlatma kullanilarak
enerji tasarrufu saglanmaktadir. Buna ek olarak,
aydinlatma sisteminin ¢aligma ve ariza bilgileri
kullanicr tarafindan belirlenen zamanlara gore veri
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tabanina kaydedilmektedir. Bu da yoneticilere bilgi
analizi imkani sunmaktadir. Tasarlanan sistemde
bilgiler anlik olarak izlenmesi feci kazalarin 6niine
gecilmesi ve arizalarin daha kisa siirede ¢oziilmesi
acisindan biiytik bir avantaj saglamaktadir. Tiim bu
bilgiler MQTT haberlesme protokolii ile merkeze
aktarilmaktadir. Ornek bir bolgenin aydinlatma
sistemi gorsel olarak Sekil 3’te verilmistir.

8 Kirkuk City - o X

File Edit View Tools Setti
- .

i e
bir bdlgenin

Sekil 3. Or

Sistemin genel yapisi saha istasyonu (yollar) ile
merkez  istasyondan  olugmaktadir. Saha
istasyonunda aydinlatma direkleri, 151k ve ariza
tespit algilayici, mikrodenetleyici ve veri aligverigi
icin router bulunmaktadir. Saha istasyonunda
bulunan aydinlatma direkleri, algilayicilardan
gelen bilgilere gore mikrodenetleyici tarafindan
kontrol  edilmektedir.  Ayrica,  aydinlatma
direklerinin ve algilayicilarin bilgileri ve durumlari
belirli araliklarla belli adreslerde tutulmakta ve bu
bilgiler ve durumlar haberlesme yolu ile merkez
istasyonuna aktarilmaktadir. Merkez istasyonunda
ise birden fazla kisisel bilgisayar, yazicilar ve
tarayicilar  bulunmaktadir.  Bu  ¢alismada,
tasarlanan SCADA yazilimin &zellikleri agagida alt
boliim olarak verilmistir.

3.1. Kullanic1 Yonetimi

Sehir i¢i ve sehirlerarast aydinlatma sistemi igin
tasarlanan SCADA yazilimi kullanici tabanli bir
sistemdir. Bu kullanici tabanli 6zelligi ile sistemde
calisan ekiplere belirli haklar ve kisitlamalar
verilmektedir. Tasarlanan SCADA sisteminde
yonetici, izleme, kontrol, rapor ve alarm seklinde
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kullanicilara haklar tanimlanabilir. Bir kullanici
yonetici olarak tanimlandigi zaman SCADA
yazilimmin tim islemlerini gorebilir ve tim

e Enter the Following

pencerelere erisebilir. Sehir i¢i ve sehirlerarasi
aydinlatma sisteminin kullanici yOnetimi ekrani
Sekil 4°te verilmistir.

T ———

Sekil 4. Ornek bir bolgenin aydinlatma sistemi

Sekil 4’te goriindiigii gibi her bir kullanici kendine
ait kullanic1 ad1 ve sifresi ile giris yaptiginda daha
once yonetici tarafindan kullaniciya verilen
haklara erisebilir. Dolayistyla, kullanict yonetimi
ozelligi ile sehir i¢i ve sehirlerarasi aydinlatma
sistemi kullanicilar1 kendilerine tanman haklar
dogrultusunda  sistemi  kullanabilirler. ~ Aym
zamanda tasarlanan SCADA yazilimi ¢oklu
kullanici 6zelligi de tagimaktadir, yani birden fazla
kullanici ayn1 hak veya haklar alabilir.

File Edit View Tools

Setting  Help
Selact Ragion

Region Name

O ,&)).

Sekil 5. Ornek bir bélgenin gorsel arayiiz penceresi

658

3.2. Grafik Yetenekleri

Sehir i¢i ve sehirlerarasi aydinlatma sistemi i¢in
tasarlanan SCADA sistemi igerisinde yer alan
aydinlatma direklerinin merkezden daha net ve
detayli bir sekilde izlenmesi ve kontrol edilmesi
amactyla  yiksek  ¢ozinirlikli, renkli ve
animasyonlu bir araylize sahiptir. Bu arayiiziin
pencereleri grafik yazilim paketi icermektedir.
Ornek bir bolgenin gorsel arayiiz penceresi
Sekil 5°te verilmistir.

Vi
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Sekil 5°te goriindligii gibi grafik yazilim paketi ile
secilen bir bolgenin harita iizerinde ¢ok net bir
sekilde saglanmaktadir. Buna ek olarak, grafik
diizenleyici ozelligi ile haritada bulunan kirmizi
nokta seklinde gosterilen direklerin boyutlar1 ve
renkleri kullanicilar tarafindan ¢ok kolay bir
sekilde degistirilebilmektedir. Ayn1 zamanda
aydinlatma direklerinin ¢alisip calismadigl gorsel
bir sekilde kullanicilara sunulmaktadir.

3.3. Veri Tabam Yonetimi

Sehir i¢i ve sehirleraras1 aydinlatma sistemi icin
tasarlanan SCADA sisteminde veri taban1 yonetimi
yer almaktadir. Mikrodenetleyicilerden gelen
aydinlatma direkleri ile ilgili algilayicit ve lamba
bilgileri belirli araliklara ger¢ek zamanli olarak
veritabanina  kaydedilmektedir. Bu  bilgiler,
lambalarin algilayict degerlerine gore calisip
calismadigl, algilayicilarda meydana gelen ariza
bilgileri ve herhangi bir aksakliktan veya arizadan
dolay1 aydinlatma direklerin ¢alisip ¢alismadigidir.
Aynit zamanda, aydinlatma direklerden gelen
bilgilerin hangi saatte ve hangi tarihte meydana
geldigi de tutulmaktadir. Sekil 6’da ornek bir
bolgenin veri tabani verilmektedir.

[ —
1

@ Database =B e

| il Edt View Tools

Select Region The Database of Region 1

1 Region Name Day Hour Minute Second State Time Date

Regon 1
Read

Back up Dalabase

| Select Drive

D: Database

Backup

1 < >
!

Sekil 6. Ornek bir bolgenin veri tabani

Sekil 6°da goriindiigli gibi tasarlanan SCADA
yaziliminda arka planda her bolge icin giin, saat,
dakika, saniye, ekipmanlarin durumlari, zaman ve
tarih bilgileri veri tabanina kaydedilmektedir.
Ayrica, her bolgenin veritabani kullanici tarafindan
belirlenen siireler arasinda yedeklenmektedir.
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3.4. Alarm Yonetimi

Tasarlanan SCADA yazilimi alarm ydnetici
ozelligi ile aydinlatma direklerinde meydana gelen
tim uyarilar hem gorsel hem de bilgi sekilde veri
tabanina  kaydedilmektedir. =~ Ayrica  6nemli
bolgelerin dnemli yerlerde bulunan aydinlatma
direklerinde bir ariza olustugunda, bu arizalar da
alarm olarak veritabanina kaydedilmektedir.
Sekil 7°de Ornek bir bolgenin alarm ydnetimi
penceresi verilmektedir.

&1 s = |
Fle Edt Viw Tools Settng Help

Select Region ‘The Alams of Region 1

Region Name Day Hour Minute  Second  State Time Date

Region3

Fetch

State of Lighting Poles

Supernisor

< >

Sekil 7. Ornek bir bdlgenin alarm ydnetimi
penceresi

Operatdrlerin ve kullanicilarin islerini
kolaylagtirmak ve aydinlatma direklerinde ortaya
¢ikan problemleri bir an 6nce yok etmek amaciyla,
Bu arizalar, daha 6nceden tanimlanan uyarilar,
alarm yonetici yazilimi ile operatdrlere sesli ve
goriintllii  olarak bildirilmektedir. Aydinlatma
direklerinde alarm durumu olustugunda uyarmak
icin dnceden yapilan tanimlamalara gore sesli ve
gorlintilic.  uyari  verilebilmekte,  Onceden
tanimlanmig alarm mesajlar1 ekrana ve yaziciya
gonderilebilmekte ve olusan alarmlar daha sonra
incelenebilmesi i¢in sunucu veya bilgisayarin
diskinde saklanabilmektedir.

3.5. Rapor Uretim Yénetimi

SCADA merkezinde arsivlenen bilgiler veya veri
taban1  bloklarinin  gergek zamanli degerleri
kullanilarak gereksinim duyulan raporlar yazicidan
almabilmektedir. Bu amagla bir rapor paketi
saglanmistir. Ornek bir bdlgenin giinliik rapor
ekrani Sekil 8’de verilmektedir.
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Kirkuk City
Report of Region 3
Date of Report: 13.01.2022
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Sekil 8. Ornek bir bélgenin giinliik rapor ekran

Sekil 8’de goriindiigii gibi rapor paketi, bir rapor
tanimlama yazilimi ile yapilan tanimlara uygun
sekilde raporlart iretecek bir rapor iiretme
yazilimindan olusmaktadir. Rapor tanimlama
yazilimi aracilifiyla yazicidan iiretilecek raporlarin
sekli ve igerigi tanimlanmig ve rapor iretme
mantig1 belirlenmistir. Rapor tanimlarken sayfa
iizerine istenilen yerlere rapor basliklar1 ve
aciklayic1 yazilar konulmus, degeri arsivden ya da
veri tabanindan gelecek degerler i¢in de arsive ya
da veri tabanina erisimi saglayacak tanimlar (arsiv
dosyasi adi, etiket adi v.b.) sayfa iizerinde ilgili
yerlerine konularak rapor tanimi olusturulmustur.

4. SONUCLAR

SCADA  sistemi  birden  fazla  sektorde
uygulanmaktadir ve genis uygulama alanina
sahiptir. SCADA sistemi, donanim ve yazilimdan
olusmakta olup c¢ok sayida sektérde genis bir
uygulama alanina sahiptir. Bu sistemlerin
uygulama alanlar1 her gegen giin geniglemektedir.
Bu caligmada, otomasyon ve SCADA sistemi;
donanim, yazilim, iletisim protokolleri ile baglanti
tipleri yoniinden incelenmistir. Bu inceleme
sonucunda, sehir i¢i ve sehirlerarast yollarin
aydinlatma sisteminin izlenmesi ve kontrolii
SCADA sistemi ile gerceklestirilmigtir. Sehir igi
ve sehirlerarasi yollarin aydinlatma sistemi igin
standart SCADA yazilimi yerine Visual Studio
C#.NET editoriinii kullanarak hem veri toplama ve
kontrol kartina hem de sisteme uygun bir yazilim
tasarlanmigtir.  Tasarlanan  yazilim, standart
SCADA yaziliminin kullanict yo6netimi, grafik
yetenekleri, veri tabani yonetimi, alarm ydnetimi
ve rapor iretim yOnetimi gibi Onemli tiim
ozelliklerini kapsamaktadir. Sonug olarak, sehir igi
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ve schirlerarasi yollarin aydinlatma sistemi igin
tasarlanan SCADA yazilimi ¢ok basarili bir
sekilde aydinlatma direklerinden gelen bilgileri
gorsel olarak kullanicilara yansitmaktadir. Bunun
sayesinde kusurlarin ve hatalarin giderilmesi daha
hizl1 ve verimli bir sekilde yapilmaktadir. Buna ek
olarak tasarlanan SCADA yazilim ile sehir i¢i ve
sehirleraras1 yollarin aydinlatma sistemi daha
diisiik bir maliyet ile isletilmektedir.
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Oz

Bu calismada tek eksenli kapasitif MEMS ivme Olger igin yeni bir analog yapay sinir ag1 temelli bir
kontrolcii 6nerilmektedir. Bu kontrolcii giris katmaninda bir, gizli katmanda alt1 ve ¢ikis katmaninda iki
néron olacak sekilde tasarlanmistir. Bu kontrolcii, AMI C5N 0,6 pm CMOS iiretim teknolojisi
kullanilarak Electric serim editorii ile tasarlanmistir. Tasarlanan kontrolciiniin basarisi ¢esitli bilgisayar
benzetimleriyle PID kontrolciiyle karsilagtirilmistir. Benzetim sonuglar1 onerilen kontrolciiniin tepki
stiresi, agim ve Ol¢iim aralig1 agisindan PID kontrolciiden daha basarili oldugunu gdstermistir.

Anahtar Kelimeler: Analog tiim devre, MEMS, Yapay sinir ag1

Analog Artificial Neural Network Based Controller Design for MEMS
Accelerometers

Abstract

In this study, a new artificial neural network-based analog controller is proposed for the uniaxial
capacitive MEMS accelerometer. This controller is designed with one neuron in the input layer, six
neurons in the hidden layer, and two neurons in the output layer. This controller was designed with
Electric layout editor using AMI C5N 0.6 pm CMOS fabrication technology. The success of the designed
controller was compared with the PID controller with various computer simulations. The simulation
results showed that the proposed controller was more successful than the PID controller in terms of
response time, overshoot and measurement range.

Keywords: Analog integrated circuit, MEMS, Neural network
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1. GIRIS

MEMS (Micro Electro Mechanical Systems) ivme
Olgerler otomotiv, tip ve tiiketici elektronigi basta
olmak iizere genis bir ticari pazara sahiptirler. Bu
ticari  basarmin  ana  nedenleri:  MEMS
teknolojisinin piezo ve optik gibi algilama
yontemlerine gore az yer kaplamasi, daha az gii¢
tiiketmesi ve CMOS yapilarla ayni1 yonga iizerinde
retilebilmesidir.  Literatirdeki MEMS ivme
Olgerler kontrolcii c¢esidi, algilama yontemi ve
elektronik arayiiz teknolojisine gore
siniflandirilabilirler.

MEMS ivme &lgerler kontrol sistemine goére agik
ve kapali ¢evrim olarak iki ana bagslikta
incelenebilir. Olduke¢a sade bir tasarima sahip olan
acik ¢evrim ivme Olgerler diisiik hassasiyetli ve

diisiik maliyetli uygulamalarda tercih
edilmektedirler. Bu sistemlerde harici
ivmelenmeye maruz kalan sismik kiitlenin yer
degistirmesi  Olgiilerek  ¢ikis  isareti olarak

kullanilmaktadir. Ag¢ik ¢evrim sistemler diisiik
maliyetleri ile 6ne ¢iksalara da diisiikk hassasiyet,
kisa Olgiim araligt ve dar bant genisligi gibi
dezavantajlart bulunmaktadir [1].

Kapalt ¢evrim ivme Olgerlerde harici ivmelenme
altindaki sismik kiitlenin yer degistirmesi,
kontrolcii  tarafindan  olusturulan  karsi  bir
elektrostatik kuvvetle kisitlanir boylece yay ve
soniimleme kaynakli ikincil etkiler azaltilir. Bu
yaklasim MEMS ivme &lgerin lgliim araligmin ve
bant genisliginin artmasini saglamaktadir [2].

Literatiirde MEMS ivme Olgerler igin sigma delta
modiilatér (3AM), kayan kipli kontrolcii (sliding
mode controller), PID (Proportional Integral
Derivative) gibi ¢esitli kapali ¢evrim kontrolciiler
Onerilmistir [3]. Bu kontrolciilerde sismik kiitleyi
merkezde tutmak igin geri besleme elektrotlarina
uyarma isareti uygulanir. Bu sistemlerde uyarma
isareti analog veya sayisal formda olabilir. Sayisal
geri besleme isaretine sahip ivme Olgerler geri
besleme hattinda YAM kullanmaktadir. Bu
yontemin sayisal c¢ikis vermek gibi avantaji
olmasina ragmen ¢oziiniirliigiin artmasiyla beraber
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gevrim siliresinin artmast ve bant genisliginin
daralmas1 gibi dezavantajlart vardir. Yiiksek
dogrusallik ve yiiksek frekans cevabina ihtiyag
duyulan uygulamalarda analog kontrolciiler
basarili birer alternatif olmaktadirlar [4].

Kapali ¢evrim ivme Olgerlerde tasarim ve
uygulama kolayligindan o6tiirii PID kontrolciiler
siklikla tercih edilmektedir. Bunun yaninda PID
kontrolcli sismik kiitlenin yer degistirmesini
sinirlamak yerine denge durumunda tutmaya
caligmaktadir. Bu durum da ivme O&lgerin 6lgim
hassasiyetini ve bant genisligini diigiirmektedir [5].

Piyasada, ST Microelectronics (LIS3LV02DL) [6],
Analog  Devices (ADXL103) [7], NXP
(MMAG685X) [8] ve MEMSIC (MXD6235M) [9]
gibi firmalarin Urettigi ¢esitli sayisal ivime Olgerler
bulunmaktadir. Fakat bu ivme 6lgerler agik ¢evrim
modda ¢aligmaktadirlar.

Bu c¢alisma kapsaminda yapilan inceleme
sonucunda MEMS ivme 6lgerler i¢in basit ve hizli
bir analog kontrolciiye ihtiya¢ oldugu goriilmiistiir.
Bu c¢alismanin amaci kapasitift MEMS ivme
Olcerler igin etkili bir analog kapali ¢evrim
kontrolcii gelistirmektir. Bu g¢aligmanin aragtirma
sorusu ise su sekildedir: “MEMS ivme olgerlerin
kapali ¢evrim kontroliinde yapay sinir ag1
kullanimi ivme Olgerin basarisint ne Olglide
arttirmaktadir ?”

Bu makale 5 bolimden olusmaktadir. 2. boliimde
MEMS ivme Olgerin matematiksel —modeli
verilmistir. 3. bolimde yapay sinir aglart ve
kontrolcli tasarimima yer verilmistir. 4. boliimde
bilgisayar benzetim sonuglart verilmigtir. 5.
boliimde ise sonuglar degerlendirilmistir.

2. IVME OLCERIN MATEMATIK
MODELI

Kapasitif MEMS ivme oOlgerler mekanik ve
elektronik yapilardan olusmaktadirlar. Mekanik
yapilarin amaci harici ivmelenmeyi kapasite
degisimine ¢evirmektir. Elektronik yapilarin
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gorevi ise bu kapasite degisimini dlgerek kontrol
ve ¢ikis i¢in gerekli olan isaretleri tiretmektir.

Kapasitif MEMS ivme 6lgerin mekanik bilesenleri
su sekilde siralanabilir:

e Harici ivmelenme ile yer degistirebilen
bir sismik kiitle,

e Yer degistirmeye mekanik
gosteren polisilikon yaylar,

direng

e Yer degisimini algilamak ve geri besleme
kuvveti uygulamak i¢in kapasitif yapilar.

Tek eksenli bir kapasitif MEMS ivme Olcerin
mekanik bilesenlerini iceren blok sema Sekil 1°de
verilmistir. Harici ivmelenmeye (a,,,) maruz kalan
sismik kiitle (m) eylemsizlik kuvveti (F=m.a) ile
ivmelenme ekseniyle zit yonde hareket eder. Bu
hareket ise yay sabiti bilinen polisilikon yaylar ile
siirlanir.

dy d

Cy C,
C=C,

a) Sismik kiitle merkezdeyken elektrotlarin
durumu
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-X +X
o>
<Hareket ‘ ‘ Haﬁciivmelenn}
yay (k) yay
VVV Sismik VVYV
Kiitle (m) _E|_
sontimleme

Kk—d,— ng%‘i

Sabitﬁg . & . E%Sabit

elektrot elektrot
Sekil 1. MEMS ivme 6lcerin blok semasi

Ivme &lgerin +x eksenindeki bir ivmelenmeye
maruz kalmasi ve —x ekseninde hareket etmesi
durumunda kiitle ile sabit elektrotlar arasindaki
kapasitelerin (C;, C,) agikligi degismektedir. Bu
aciklik sekil 2a ve 2b’de gosterildigi gibi sifir
ivmelenme altinda d, iken ivmelenme altinda
(d,-x) ve (d,+x) olarak degismektedir.

Qdo-xﬁd(ﬁ’ﬂ
C C,

C>C,

b) Sismik kiitle ivmelenme yer

degistirmigken elektrotlarin durumu

Sekil 2. ivmelenme altinda kapasitelerin durumu

Sekil 2’de goriildiigii lizere sismik kiitlenin yer
degistirmesiyle C; sigast artarken C, sigasi
azalmistir. C; ve C, sigalarim tamimlayan ifade
Esitlik 1°de verilmistir.

€A €A
C, = i C, =
do—x do+x

M

Esitlik 1°de ¢ dielektrik sabiti, 4 kapasitenin yilizey
alanin, d, sifir ivmelenme durumunda elektrotlar
arasi mesafeyi, x ise sismik kiitlenin yer
degistirmesini gdstermektedir. Esitlik 1’den de
goriildiigii iizere C; ve C, sigalarinin dl¢iilmesiyle
yer degistirme tespit edilebilmektedir. Yer
degistirme ile harici ivmelenme arasindaki iliski
ise tek serbestlik dereceli sistem (kiitle, yay ve
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soniimleme) seklinde tanimlanmis ve Esitlik 2°de
sunulmustur.

d?x

Mlgye =M—7

dx
+b+ kx 2)

Esitlik 2’de m sismik kiitleyi, a., harici
ivmelenmeyi, b soniimleme etkisini, £ yay sabitini
x ise yer degistirmeyi ifade etmektedir. Hareket
halindeki sismik kiitleye hava molekiilleri
nedeniyle etkiyen soniimleme kuvvetinin ifadesi
Esitlik 3°de sunulmustur.

1 1 J 3)

r
by =7 ud [(do—x)”(dwx)}
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Esitlik 3°’de x# havanmn yogunlugunu, A4 sismik
kiitlenin ylizey alanini, x yer degistirmeyi, dj ise
elektrotlar aras1 mesafeyi gdstermektedir.

Sismik kiitlenin yer degistirmesi ile soniimleme
etkisi arasindaki iliski Sekil 3°de sunulmustur.

0.76
074
072

07

068

0.62

Soniimleme sabiti (Ns/m)

06F

0.58

-2 -1 .IS ‘i vD.iS EII EI.IS 1‘ 1 .i5 2
Yer degistirme (pm)
Sekil 3. Soniimleme/yer degistirme grafigi

Sekilden de goriildiigii lizere dogrusal olmayan

soniimleme etkisinin en aza indirilmesi i¢in sismik
kiitlenin yer degistirilmesinin sinirlandirilmast bir

5_;.10"‘

Electrostatik Kuvvet [N]

zorunluluktur. Bu amagla agik ¢evrim ivme
Olgerlerde mekanik durdurucular kullanilirken
kapali ¢evrim ivme Olgerlerde elektrostatik
geribesleme kuvvetlerinden (F,) faydalanilir. Bu
kuvvet uygulanan geri besleme geriliminin (V)
karesiyle dogru orantili ve elektrotlar ile kiitle
arasindaki mesafenin karesiyle ters orantilidir.
Sismik kiitleye uygulanan toplam F, esitlik 4’de
verilmistir [10].

1 V1) (V1) @)

F,=—Ne¢lt —— 5
2 (d,—x) (d, +x)

Esitlik 4’de N uyarma isareti uygulan kapasite
sayisini, ¢ yalitkanlik sabitini, / ¢ubuk boyunu, ¢
ise polisilikon kalinhigini, x sismik kiitlenin yer
degistirmesini gostermektedir. Vz 6n kutuplama
gerilimini Vr ise geri besleme gerilimini
gostermektedir. On kutuplama gerilimi
elektrostatik alan1 dogrusal bolge icinde tutmak
icin kapasitif elektrotlara uygulanan bir gerilimdir.
Esitlik 4’de verilen elektrostatik kuvvetin +4
pm’lik yer degistirme igin degisimi Sekil 4’de
verilmistir.

Yer degistirme [m] %1078

Sekil 4. F,/ yer degistirme grafigi
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Sekil 4’de gorildigi tizere elektrostatik kuvvet
sismik  kiitlenin kisa mesafeli (x<[l| pm)
hareketleri i¢in dogrusal olarak kabul edilse de
artan yer degistirme (x>2| pm) ile beraber hem
yoni hem de siddeti degismektedir. Eger sismik
kiitlenin yer degistirmesi sinirlanmaz ise bu kuvvet
sismik kiitleyi itmek yerine c¢ekecek boylece

Zehan KESILMIS, Murat AKSOY

elektrotlarin  birbirine c¢arpip hasar gdrmesine
neden olacaktir. Ag¢ik ¢evrim sistemlerde kiitlenin
yer  degistirmesi  mekanik  smurlayicilarla
kisitlanmis olsa da bu eklenti ivme O6l¢erin bant
genigligi ve Ol¢im araligini da smirlamaktadir

[11].

Yay-kiitle- damper Kapasitif 8lciim
. Cikis
I -
vme (a) K(ut;e {) m X MRy Kontrolcit o
m +
o
Fe v 2
& [@}
+ 2 (dﬂ + .\7) Vs
Elektrostatik
dengeleme
kuvveti >
) K—
Fe2 1 (+V, +V,)
F, =—Nelt -
E (do - “)- < VB
Sekil 5. Kapali ¢evrim ivme 6lgerin blok diagrami
Kapali ¢gevrim MEMS ivme 6lgerin blok diagrami  3.1. Yapay Sinir Aglari
Sekil 5°‘de verilmigtir. Blok diagramin alt
bilesenleri su sekilde siralanabilir: kapasitif 6lcim  Yapay sinir aglart  (YSA), Oriinti tanima,

devresi, kontrolcii,

yapisl.

elektrostatik geri besleme

Kapasitif 6lgiim  yapilar1 OTA  (Operational
Transconductance ~ Amplifier) veya OPAMP
(Operational Amplifier) ile gergeklestirilen sarj
yiikseltegleridir. Bu yapt sayesinde kapasite
degisimi algilanip gerilime ¢evrilir ve kontrolciiye
girdi isareti olarak uygulanir. Kontrolciiniin ¢ikist
ise ivme ile ¢ikis isareti arasindaki dogrusallig
saglamak icin kapasitif geri besleme elemanlarina
uygulanir. Bu c¢alisma kapsaminda tasarlanan
yapay sinir agi temelli kontrolciiniin ozellikleri
ilerleyen boliimde sunulmustur.

3. MATERYAL VE METOD

Bu calismada kapasitif MEMS ivme oOlger igin
analog yapay sinir ag1 temelli bir kontrolcii
tasarlanmigs  ve  basarist  ¢esitli  bilgisayar
benzetimleri ile incelenmistir.

C. U. Miih. Fak. Dergisi, 37(3), Eyliil 2022

fonksiyon yaklagimi ve kontrol gibi ¢ok g¢esitli
kullanim alanlarima sahiptir. Yapay sinir aginin
blok diagrami Sekil 6’da, matematiksel ifadesi ise
Esitlik 5°de verilmistir.

y=0) wx, (5)
=

Esitlik 5’de @ aktivasyon fonksiyonunu (AF), w
agirliklari, x girisleri ve y ise ¢ikist gostermektedir.

Y \

*yl‘v

Y A
Aktivasyon Fonksiyonu | Ctkig
A J

( N\

O
nl

Y a
Aguliklar J
A

X

Girisler

\ \.
Sekil 6. YSA blok diagrami

Toplam

J
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Sekil 6’dan goriildiigii lizere YSA nin girisleri (x))
ilgili agirhiklarla (w;) carpilmakta ve sonuglar
toplanmaktadir. Islem sonucu ise aktivasyon
fonksiyonuna tabi tutulmaktadir. Aktivasyon
fonksiyonunun goérevi YSA’nin girisleri ile ¢ikis
arasinda dogrusal olmayan bir iliski tesis
edebilmektir. Bu fonksiyonlarmm kullanimi ile
YSA’lar fonksiyon yaklasimi ve kontrol gibi
dogrusal olmayan iglevler gérebilmektedir.

3.2. Yapay Sinir Ag1 Kontrolcii

Onerilen  kontrolciiniin  temel gdrevi harici
ivmelenme altinda sismik kiitleyi merkezde
tutmaktir. Bu sayede yer degistirme ile meydana
gelen dogrusal olmayan ikincil etkilerden
sakinmak miimkiin olmaktadir. Bu operasyon
strasinda sismik kiitlenin yer degistirmesi gozlenir
ve aksi yonde bir elektrostatik kuvvet olusturmak
icin geri besleme elektrotlarina uyarma isareti (V)
uygulanir. YSA kontrolcliniin bu islevi yerine
getirmesi igin egitilmesi gerekir. Bu calismada
sistemin sadeligini korumak amaciyla yonga
lizerinde ogrenme tercih edilmemistir. Bunun
yerine MATLAB ortaminda yapilan egitim sonucu
elde edilen agirliklar kontrolciinin EPROM’una
aktarilmaktadir. Egitim veri seti yer degistirme (x)
ile elektrostatik kuvvet (F,) arasindaki iligkiden
faydalanilarak tiiretilmis ve x=0 yapacak Vr
isaretini saglayacak sekilde iiretilmistir.

YSA’larmm DSP (Digital Signal Processor) ve
bilgisayar yazilimi ile gerceklestirilen
uygulamalar1 yiiksek islem giicli ihtiya¢ duyarlar.
Bunun yaninda ortamdan toplanan isaretlerin
islenmesi ve kontrol isaretlerinin uygulanabilmesi
i¢in sirasiyla ADC (Analog to Digital Converter)
ve DAC (Digital to Analog Converter)’ye de
ihtiya¢ duyarlar.

Analog YSA kontrolciiler ADC ve DAC’ya ihtiyag
duymazlar. Aritmetik islemlerin tamami analog
devre yapilar1 ile gerceklestirilir.  Analog
YSA’larda néron agirliklar1 kapasite veya ylizer
geciti  MOSFET (FGMOS) EEPROM’larda
saklanir. Carpma islemleri ise 4 bolgeli g¢arpma
devreleri  ile gergeklestirilir. Aktivasyon
fonksiyonlar1 ise analog olarak OPAMP’lar ile
gerceklestilir.
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Onerilen kontrolcii AMI C5N 0,6 um teknoloji ve
Electric serim editorii kullanilarak tasarlanmustir.
Electric yazilimi yardimiyla serim {izerinden
SPICE benzetimleri yapilmistir. Bu yaklagim
sayesinde devredeki parazitik direng ve kapasiteler
de benzetime dahil edilip daha gergekci benzetim
sonuglari elde edilmistir.

Onerilen YSA kontrolciiniin bilesenleri su sekilde
siralanabilir:
e  girislerlerin agirliklarla ¢arpilmasi igin 4
bolgeli ¢arpici,
e agirliklarin  saklanmasi
hafiza elemani ve
e noron ¢ikiginda bulunan aktivasyon (tanh)
fonsiyonu.

icin FGMOS

Onerilen kontrolciiniin girisi sismik kiitlenin yer
degistirme isaretidir. Alt1 ndronlu bir gizli katmani
ve geri besleme olusturma amaciyla iki adet ¢ikigi
bulunmaktadir. Kontrolciiniin giris isareti kapasite
Olgtim  biriminden saglandigi igin  gerilim
seklindedir. YSA’ nin agirliklar ise gerilim olarak
saklanmaktadir. Carpicinin = ¢ikist  ise akim
seklindedir. Noron islemleri sirasinda ilgili
ndronun girisi ilgili agirliklarla carpilmakta ve tim
carpimlar toplanmaktadir. Akim modlu analog
carpicilarin ¢ikislari tek bir diiglimde birlestirilerek
toplanmaktadir. Boylece toplama devresine gerek
kalmamaktadir. Toplanan isaretler ise aktivasyon
fonksiyonuna uygulanmakta ve buradan -elde
edilen isaret ise geri besleme elektrotlarina
uygulanmaktadir.  Analog islem bloklarmin
ozellikleri ilerleyen kisimda sunulmustur.

3.2.1. Analog Carpici

Analog carpicilar modiilatér, degisken kesim
frekasli filtreler ve osilatorler basta olmak tizere
¢esitli kullamim alanlarina sahiptir. Bu g¢alisma
kapsaminda dort bolgeli, gerilim girisli ve akim
¢ikish bir ¢arpict tasarimi kullanilmigtir. Noron
islemleri sirasinda giris isaretleri ile ilgili agirliklar
carpilip sonu¢ AF (Activation Function) birimine
aktarilmaktadir. Hem agirhiklar hem de yer
degistirme [-1 V, +1 V] aralifina normalize
edildiginden c¢arpicimin 4 bolgeli olmasi bir
zorunluluktur. Ideal bir garpict esitlik 6°daki gibi
islev gérmektedir.
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Iaut:Km Vin[ VinZ (6)

Esitlik 6°da K, ¢arpma kazancint V;,; ve V;,, ise
giris isaretlerini temsil etmektedir. Hollis ve
Paulos tarafindan oOnerilen ve bu c¢alismada
kullanilan ¢arpicinin devre semasi1 sekil 7’de
verilmigtir [12].

Voo

Mio EMQ Me H Me
My
I
Iy

Is It

Ia | J I
T T ¢ «

Vi

Sekil 7. 4 bolgeli analog carpici devresi

— — \V(in1)

—_— \(in2)
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4 bolgeli carpicinin basari incelemesi amaciyla
SPICE ortaminda [-1 V, +1 V] araligindaki V;,; ve

Viey giris isaretleri uygulanmis ve sonuglar
Sekil 8’de sunulmustur.
1008 I(out)
Vin=-1V,
200A V=05V,
Vina=0V
OpA
Vin=0.5V
-20pA
Vinz=1
~40pA
1.0V 05V 0.0V 05V 10V

Vm1
Sekil 8. Carpicinin transfer fonksiyonu

Kullanilan ¢arpicinin dinamik basar1 incelemesi
amactyla giriglerine sirasiyla 2 kHz ve 50 Hz
frekansta, 500 mV ve 100 mV genlikte iki siniis
isareti uygulanarak modiilatdr olarak benzetim
yapilmigtir. Sonuglar Sekil 9°da sunulmustur.

—— IO

500mV 2.0uA
Ve ~
400mv/- L 1.6pA
/ AN

300mV- / ﬂ L 1.2pA

< 200mv{ L 0.8uA
g AN D NAAANNA on £
- 3
—_ (=]
£ -100mV A U U U U U U U U L04pa =

s /
-200mV/ , - -0.8pA
-300mV- U 7 L.1.20A
/

-400mV- u u U N \U “ U/ s L .1.6uA

" > 2.0pA

-dBOOmVCHS 220 5000 M

Sekil 9. Carpicinin modiilator olarak kullanimi

Sekil 9°dan goriildiigii iizere ¢arpma blogu diigiik
(50 Hz) ve yiiksek (2 kHz) frekansh iki siniis
isaretini iistiin bagari ile ¢arpabilmektedir.

3.2.2. Aktivasyon Fonksiyonu (AF)

Aktivasyon fonksiyonlar1 YSA’lar igin O6nemli
islem bloklarindan birisidir. AF’ler sigmoid,
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tanjant hiperbolik (tanh) veya dogrusal gibi siirekli
tiirevlenebilir fonksiyonlardir. Bu g¢alismada AF
olarak tanh fonksiyonu kullanilmistir. Bu amagla
gerilim girisli ve gerilim ¢ikish bir AF devresi
tasarlanmustir. Fark yiikselteci temelli bu yapinin
devre semasi ve transfer fonksiyonu sirasiyla
Sekil 10 ve 11°de sunulmustur.
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— ]t
L
ZW'—_ ﬂw

-~ 1
VSS
Sekil 10. Tanh aktivasyon fonksiyonu devresi

o N Sekil 11’den goriildiigii lizere tasarlanan AF ile
P—— gergek  fanh  fonksiyonu arasinda  farklilik
T L= benzetim [T A bulunmaktadir. Bu  durumun  kontrolciiniin
s R L 3 basarisini etkilememesi i¢in YSA egitimi sirasinda
= I R N7 S tanh  yerine tasarlanan AF  kullanilmustir.
JEO FOUUUOE SUUON SUUTN 1 /20 RIS UUUE SUUU SO Tasarlanan analog YSA’nin tek girig ve tek ¢ikish
h ; : ndron yapist Sekil 12°de sunulmustur.
. . . S .
Sekil 11. Tasarlanan AF’nin tanh ile
karsilastirilmasi
. b
Bias R R R
E> MV A"
Vout=tanh| -R| %ﬂ, i |
Giris 284 LR )
CED—q im L Cikig
e inz Fr in fanh oufl——l
+
Agirhk  Carpici |
25 AF
Sekil 12. Tek giris ve tek ¢ikisli ndron yapisi
Sekilden goriildiigi {izere ndron yapist ¢arpma b
toplama ve aktivasyon fonksiyonu yapilarindan  Vou = tanh _R(_-l_lnlxwlj (7

olugsmaktadir. S6z konusu noéron yapisinin ¢ikist
Esitlik 7°de verilmistir.
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4. BULGULAR VE TARTISMA

Bu boliimde, acik ¢evrim, kapali ¢evrim (PID) ve
onerilen kontrolciinlin aym1 MEMS ivme Olcer
yapist  lizerindeki bilgisayar benzetimlerinin

Zehan KESILMIS, Murat AKSOY

sonuglart sunulmustur. Ag¢ik ¢evrim ivme O6lgerin
+7 g genlik ve 40 Hz frekanslt siniis formundaki
ivmelenme altindaki yer degistirme grafigi
Sekil 13’de sunulmustur.

1

Yer degistirme (um)

Oms 10ms

20ms

30ms 40ms 50ms

Zaman (ms)
Sekil 13. Acik ¢evrim ivme Olgerin siniis ivmelenme cevabi

Sekil 13’den de goriildiigii izere acik ¢cevrim ivme
Olcerin dogrusal galigsma araligr £3 g ile sinirhidir.
Bu durum ivme Olgerin ¢aligma araliginin
arttiritlmas1  i¢in kapali ¢evrim bir kontrolcii
kullanilmas1 gerektigini gostermektedir. Bu amagla
bir analog PID kontrolcii tasarlanmig ve Onerilen
YSA kontrolciiyle +40 g ivmelenme altinda
benzetim ¢aligmalart yapilmistir. Tamamen analog
yapida tasarlanan YSA kontrolciiniin ¢ikist da PID
kontrolciide  oldugu gibi analogtur. PID
kontrolciiniin parametreleri su sekildedir: Kp=-6,
K=-0,6, Kp=0,2 ve Vg=12 V. Onerilen YSA ve
PID  kontrolciilerin  statik  karakteristikleri
Sekil 14’de sunulmustur.

Cikig isareti (V)

. i i i i i P i
-40 30 -20 -10 0 10 20 30 40

Harici ivmelenme (m/sn’)

Sekil 14. PID ve YSA kontrolciilerin +40 g
ivmelenme altindaki transfer
karakteristikleri
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Goriildugl tizere YSA ve PID ivme Oolgerlerin
dogrusal ¢alisma araliklar sirasiyla £10 g ve +38 g
olmustur. PID ve YSA ivme olgerlere +4 g, -3 g
genlikte ve 5 kHz frekansta kara dalga
ivmelenmeler uygulanmis ve benzetim sonuglari
Sekil 15°de verilmistir.

- PID ===}
YSA =—

b

=

Cikis isareti (V)
=
o

.Olns Sy 10‘u1;' 15‘1115 2me
Zaman (ms)

Sekil 15. PID ve YSA kontrolciilerin basamak

seklindeki ivmelenmelere olan tepkisi

Bu calisgma kapsaminda yapilan bilgisayar
benzetim c¢aligmalarinda tepki siiresi, dogrusallik
ve Olglim araligi gibi parametreler incelenmis ve
sonuglar ¢izelge 1°de sunulmustur. Bu incelemeler
sonucunda Onerilen kontrolciiniin osilasyonsuz ve
asimsiz bir karaktere sahip oldugu goriillmektedir.

671



MEMS Ivine Olgerler igin Analog Yapay Sinir Ag: Temelli Kontrolcii Tasarim

Cizelge 1. Benzetim sonuglari

Kontrolcli | Asim Yulfselr.ne Y?.t 1yma
stiresi stiresi
PID %6,8 0,10 ms 0,50 ms
Onerilen 0 0,20 ms 0,25 ms
5. SONUCLAR

Bu ¢aligmada, kapasitif MEMS ivme olgerler icin
yapay sinir agt temelli bir analog kontrolcii
onerilmistir. Onerilen yapay sinir ag1 kontrolcii 1-
6-2 yapida ve AMI C5N 0,6 um CMOS iiretim
teknolojisi kullanilarak tasarlanmigtir.
Kontrolciiniin girisi sismik kiitlenin yer degistirme
isareti ¢ikiglar1 ise elektrostatik geri besleme
isaretidir. Kontrolciiniin amaci harici ivmelenme
altinda sismik kiitleyi sabit tutarak soniimleme ve
yay kaynakli ikincil etkilerin bertaraf edilmesidir.
Onerilen kontrolciiniin basar1 incelemesi amaciyla
SPICE ortaminda statik ve dinamik ivmelenme
kosullarinda  ¢esitli  benzetim  calismalari
yapilmistir. Bu benzetimlerde onerilen kontrolcii
ile PID kontrolcii ayni sartlar altinda smanmustir.
Sonuglar gostermektedir ki onerilen yontem tepki
siiresi, agim ve Ol¢iim araligi agisindan PID
kontrolciiden daha iyi performans gostermektedir.
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Oz

Bu ¢alismada, Fonksiyonel Derecelenmis (FD) malzemeli sandvi¢ dairesel plaklarin egilme davranisi
teorik olarak arastirilmistir. Malzeme 6zellikleri kalinli§1 boyunca degisen sandvig¢ dairesel plaklarin, 6z
tabakas1 veya cekirdegi izotropik homojen yiizey tabaklar1 ise FD malzemeli olarak kabul edilmistir. Ele
alman plaklarin statik davranisini idare eden denklemler Kirchhoff-Love ve Mindlin—Reissner plak
teorilerine gére minimum toplam enerji prensibi yardimiyla kanonik halde elde edilmistir. Elde edilen bu
denklemlerin sayisal c¢oziimleri icin Tamamlayict Fonksiyonlar Yontemi (TFY) uygulanmistir. Bu
arastirmada, malzeme degisim katsayilariin, yarigap-kalinlik oranlarinin, kayma deformasyon etkisinin
ve farkli sinir kosullarinin FD sandvi¢ dairesel plaklarin egilme davranisi iizerindeki etkileri parametrik
olarak incelenmistir. TFY’nin bu tiir problemlere etkin bir sekilde uygulanabilirligi ve yontemin
dogrulugu, elde edilen sonug¢larin mevcut literatiir ile karsilastirilarak gosterilmistir.

Anahtar kelimeler: Sandvi¢ dairesel plak, Tamamlayici fonksiyonlar yontemi, iki noktali sinir deger
problemi, Fonksiyonel derecelenmis malzemeler

Bending Analysis of Functionally Graded Sandwich Circular Plates via the
Complementary Functions Method

Abstract

In this study, the flexural response of sandwich circular plates with Functionally Graded (FG) material is
investigated theoretically. The core of the sandwich circular plates, whose material properties change
throughout their thickness, is considered to be isotropic homogeneous and the face sheets are assumed to
be FG. The governing equations of the static behavior of the considered plates are obtained in canonical
form with the aid of the minimum total energy principle based on the Kirchhoff-Love and Mindlin—
Reissner plate theories. For the numerical solutions of these equations, the Complementary Functions
Method (CFM) is implemented. In this research, the effects of material gradient index, radius-thickness
ratios, shear deformation effects and different boundary conditions on the bending behavior of FG

*Sorumlu (Corresponding author) yazar: Ahmad Reshad NOORI, arnoori@gelisim.edu.tr
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sandwich circular plates are parametrically investigated. The efficient applicability of the CFM to this
type of problem and the accuracy of the suggested method are demonstrated by comparing the results

obtained with the existing literature.

Keywords: Sandwich circular plate, Complementary functions method, Two-Point boundary value

problem, Functionally graded materials

1. GIRIS

Dairesel plaklar, miihendislik tasarimmin en
o6nemli ve vazgecilmez yap1 elemanlarindandir. FD
malzemeler ise, sahip oldugu cesitli iistiin mekanik
ozelliklerinden dolayr havacilik, insaat ve
denizcilik gibi bircok miithendislik dallarinda genis
bir uygulama alanmna sahiptir. Istenen mekanink
ozelliklerinin elde edilebilmesi i¢in bazen FD
malzemeler katmanli olarak da kullanilmaktadir.
Bu nedenle FD sandvi¢ malzemeden yapilan
dairesel plaklarin statik ve dinamik davranisi
cesitli metotlar kullanilarak yaygin bir sekilde
aragtirtlmigtir.

Ma ve Wang [1], Karman plak teorisini kullanarak
FD malzemeli dairesel plaklarin dogrusal olmayan
egilme davranigimi arastirmiglardir.  Jalali ve
arkadaglar1 [2], degisken kalinlikli FD sandvig
dairesel plaklarin termal stabilite davranigin
Shooting yontemi ile incelemislerdir. Jalali ve
arkadagslar1 [3], ¢ekirdegi homojen ve vyiizey
tabakalari FDM olan sandvi¢ dairesel plaklarin
burkulma analizini teorik olarak ele almiglardir.
Alipour ve Shariyat [4], disey yikler etkisinde
olan FD malzemeli sandvig¢ dairesel plaklarin
egilme ve gerilme analizlerini zigzag teorisi ile
arastirmislardur.

Sburlati [5], yiizey tabakalar1 izotropik homojen ve
¢ekirdegi FDM olan sandvi¢ dairesel plaklarin
egilme davranigimi  idare eden denklemlerin
¢Ozlimiini kapali formda elde etmistir. Nguyen ve
arkadaglar1 [6], FDM sandvi¢ plaklarin burkulma
ve serbest titresim davranmiglari igin Navier tipi
¢Oziim elde etmiglerdir. Sburlati ve arkadaglar1 [7],
ylizey tabakalar1 FD olan sandvi¢ dairesel plaklarin
deplasman ve gerilme degerlerini kapali formda
hesaplamiglardir. Shariyat ve Alipour [8], FDM
sandvi¢ dairesel plaklarin dinamik davranist igin
zigzag-elastisiste yaklasimini 6nermislerdir.
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Houari ve arkadaglari [9], FDM sandvi¢ plaklarin
termoelastik egilme davranigini analiz etmek igin
yilksek mertebe kayma deformasyon teorisi
geligtirmiglerdir. Zenkour [10], FD sandvig
plaklarin egilme davranigini incelemek icin yiiksek
mertebe kayma deformasyon teorisi kullanmistir.
Thai ve arkadaglar1 [11], FD sandvi¢ plaklarin
statik, dinamik ve Dburkulma davramslarini
aragtirmiglardir. Thai ve arkadaglar1 [12], FDM
sandvi¢ plaklarin analizi i¢in yeni kayma
deformasyon teorisi gelistirmislerdir.

Alibeigloo [13], termomekanik yiikler etkisinde
olan FD sandvi¢ dairesel plaklarin egilme
davranmigini incelemek i¢in diferansiyel kareleme
yonteminden (DKY) yararlanmistir. Alipour [14],
elastik sinir kosullarinda olan FD sandvig¢ dairesel
plaklarin egilme davranigi igin analitik ¢ozim
yontemi sunmustur. Mantari ve Monge [15], basit
mesnetli FD sandvi¢ plaklarin dogrusal titresim,
egilme ve burkulma davranislari i¢in kapali formda
¢oziim elde etmislerdir. Li ve arkadaglan [16],
sandvi¢ plaklar icin yeni bir FDM modeli
gelistirerek bu plaklarin = egilme davranmigini
incelemislerdir.

Beni ve Dehkordi [17], FD sandvi¢ dairesel
plaklarin davranigini  aragtirmak igin Carrera
birlesik formulasyonunu kullanmiglardir. Farhatnia
ve arkadaslar1 [18], elastik zemine oturan degisken
kalinlikli FD sandvi¢ dairesel plaklarin klasik plak
teorisine dayali egilme davramisini DKY ile
incelemiglerdir. Chung ve Ou [19], basit mesnetli
FD sandvi¢ dairesel plaklarin egilme davranigini
analitik olarak incelemislerdir. Duc ve Vuong [20],
FDM sandvi¢ kabuklarin dogrusal olmayan
dinamik analizini aragtirmiglardir.  Shinde ve
Sayyad [21], FD sandvi¢ kabuklarin statik ve
dinamik davraniglarini incelemek igin yiiksek
mertebe kayma deformasyon teorisi
gelistirmislerdir. Sah ve Ghosh [22], ¢cok yonlii FD
sandvi¢  plaklarin  burkulma ve  dinamik
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davraniglarini analiz etmislerdir. Dogan [23], FD
plaklarm dinamik davramisini Laplace uzayinda
aragtirmigtir.

TFY, daha &nce birgok mekanik problemlerin
etkin ¢dzimiinde yaygmn olarak uygulanmustir.
Ornegin;

Noori ve arkadaglar1 [24], FD sandvi¢ kiriglerin
statik davranisini, Temel ve arkadaslar [25],
dikdortgen kesitli sikloid g¢ubuklarin  soéniimli
zorlanmig titresimini, Noori ve Temel [26],
degisken kesitli tabakli kompozit parabolik
kemerlerin dinamik davranigini, Sivri ve Temel
[27], degisken kesitli kolonlarmn burkulmasini,
Eker ve arkadaslar1 [28], basingli FDM kaplarin
mekanik davranigini, Calim [29], elastik zemine
oturan FD Kkiriglerin dinamik davranigini, Yildirim
ve Tiitlincli [30], anizotrop disklerin serbest
titresim davranisini, Yildinm [31], kompozit
sandvig kiriglerin serbest titresim davranigini TFY
ile incelemislerdir.

Yazarin bilgisine gore, FD sandvi¢ dairesel
plaklarin statik davranisim1 TFY ile analiz eden
herhangi bir c¢alisma ile mevcut literatiirde
karsilasilmamistir. FD sandvi¢ dairesel plaklarin
egilme davranmis1 ilk kez bu makalede TFY ile
incelenmigtir. Ele alman plaklarin  egilme
davranisini  idare eden kanonik denklemler
minimum toplam potansiyel enerji ilkesi ile elde
edilmistir.

Bu arastirmada, malzeme degisim katsayilarinin,
yarigap-kalinlik (#/4) oranlarinin ve farkli sinir
kosullarmin bu tiir plaklarin statik davranigi
iizerindeki etkileri parametrik olarak ele alinmustir.
Ayrica, FD malzemeli sandvi¢ dairesel plaklarin
statik yiikler altinda beklenen egilme davranisini
belirlemenin yani sira, bu yontemin kolayca ve
etkin bir sekilde uygulanabilirligini gostermeyi de
amaglamaktadir.

2. MATERYAL VE YONTEM
Sekil 1’de sandvi¢ dairesel plak icin FD

malzemenin degisim fonksiyonu Esitlik 1 ile
verilmektedir.
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P
E, +(E ~E,) h+2z1"
0,54
—0.5h<z<-0,25h
E 9

E(z)= ‘ (1
—0,25h<z<0,25h

P

E,+(E —E,) h=2z )
: 0,5h
0,25h<z<0,5h

Burada, E. ve E,, sirasityla seramik ve metal
malzemelerine ait elastisite modiilleri olup p ise
malzeme degisim katsayisidir. Ele aliman sandvig
dairesel plaklarin {i¢ katmana sahip oldugu dikkate
almmustir.

FD sandvi¢ dairesel plaklarin egilme davranigini
idare eden denklemler, kalin plak teorisine dayali
yaklagima gore elde edilmistir. Dairesel plaklar
icin yer degistirmeler asagidaki gibi ifade edilir
(Esitlik 2 ve 3) [32].

U, =u(r)+2 () @
U =w(r) (3)
Burada, w(r) diisey yer degistirme, u(r) radyal

yer degistirme ve y(r) ise donme olup, sekil
degistirmeler Esitlik 4-8°de verilmektedir [32].

b4 h2 i

FDM

a

(b) 7
Sekil 1. FD sandvi¢ dairesel plagin (a) geometrik
parametreleri (b) malzeme degisimi
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errzi—l:zu’ “)
899=% (5)
X == ©)
)(99=f (7
Vrz=%+%=x+‘;—f=x+W’ ®)

Sandvi¢ dairesel plaklara ait sekil degistirme ve

gerilme arasindaki iliskiler Esitlik 9-11°de
verilmektedir [32].
ED ()
Orr = 12 (&rr + vEge + ZXrr + 2V Xp5) ©)
B0
Opg —?(899+U€w+2){99 +2v xr) (10)
ED()
Trz = 2(1_:7) Yrz (11)

Esitlik (5)’te verilen E®(z) elastisite modiilii
dairesel plagin kalinlig1 boyunca malzeme degisim
katsayisina bagli olarak degigsmektedir. Minumum
toplam potansiyel enerji ifadesi kalin plak
(Mindlin plak) teorisine dayal1 olarak Esitlik 12°de
verilmigtir.

Au+ a2
"
grr
+BI IZ ‘+ BIZ £
.

u l
AH:+AIZu
+ Ego

+Bn%‘LBlz x'

u
L
+ X

, = 27[.‘-0 z
+D|1 x + D12 7

—(pu+p.w)|ydr

N[ —

B, L+ BLu

r
+ ¥ Koo
+Dy, 7+Dlz x'

jL(Ass (Z + W'))}’y:

(12)
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Bu denklemde goriillen A4, 412, Bi1,Bi2
Dy, Dy, ve Ass kesit rijitlik sabitleri olup, Esitlik

(13)’te  verilen  integraller = yardimi  ile
hesaplanmaktadir.
{A11, By1, D11}
3 hy
— Z E(l)(z) {1 2} d
= . f m ,Z, Z Z
=1 \hj—q
{A12, B12'thz}
> W ED(z) (13)
:Z f—l—vz {1,Z,Z2}dz
=1 \hj_q
3 ki
A55 = kS G(l)(Z) dz
=1 \hj_q

Burada k,, kayma diizeltme faktoriidiir. Gerekli
biiytikliiklerin tiirevleri ve impulsif bilesenleri elde
edilerek, FD dairesel plaklarin egilme davranigini
idare eden 6 adet adi diferansiyel denklemler tegkil
edilip Esitlik 14-19°da verilmistir.

' DyiNy-B 1My u
= DitN BiiMyy 14
A11Dy1-Br? Ve (14
1 Qrz
W=y (15)
55
r_AZJMrr'BZJNrr _ X
T A1D11Bi” i (16)
12 v-1
Nrr =7 (AII 11+511 X) +T Nrr'pr (17)
4 1
Qrz :'; Qrz'pz (18)
, 17 v-1
Mrr :Qrz+7(BJJ U+DJJ/1/) +7Mrr (19)

Bu arastirmada, ele alinan plak teorilerinden
Kirchhoff plak teorisine gore ¢oziim yapilirken

Esitlik 15’teki ;2” terimi ihmal edilmektedir. Elde

55
edilen Esitlik 14-19 asagidaki gibi matris
formunda verilebilir.
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aty(r

O LAY IHF ) (20)
iki noktali simir deger problemi olan Esitlik (20),
TFY ile ¢oziilmektedir. Burada r, bagimsiz
degiskendir. Bu yontemin yardimiyla iki noktali
sinir deger problemi baslangi¢ deger problemine

indirgenebilir. Esitlik 20 i¢in genel ¢6ziim ise,

Y} = Tims G [V @] + V) @1
Seklindedir. Burada {V(r)} 0zel ¢o6ziim olup,
[U")(#)] ise homojen ¢oziimdiir. Homojen ¢oziimii
elde etmek igin m’inci bilesenine 1, digerlerine
sifir degeri verilir. Ozel ¢oziim ise baslangic
sartlar1 sifir almarak elde edilir. Integrasyon
sabitlerini (C,) bulmak igin problemin sinir
sartlarini bilmek gerekir. Bu sinir sartlar1 plaklarin
mesnet kosullarina baghdir [32].

3. SAYISAL UYGULAMALAR

Bu c¢alismada, FD sandvi¢ dairesel plaklarin
egilme davranisini idare eden denklemler kanonik
formda elde edilmistir. Elde edilen kanonik
denklemler sayisal olarak TFY ile ¢6ziilmiis ve FD
sandvi¢ kalin ve ince dairesel plaklarmn egilme
davranisi lizerine, farkl yarigap-kalinlik
oranlarinin, ¢esitli smir kosullarinin ve malzeme
degisim katsayisinin  ektileri teorik  olarak
arastirllmistir.  TFY’ye dayali  problemlerin
c¢oziimii icin RKS5 algoritmasi kullanilarak
FORTRAN programa dilinde bir bilgisayar
programi hazirlanmstir.

Ik olarak, kalinlig1 (h) 0,01 m, yarigapi (r) 0,6 m,
E. degeri 360 GPa, kenarlarindan sabit ve ankastre
sinir satlarina sahip olan sandvi¢ dairesel plak icin
en biiyik boyutsuz diisey yer degistirmeler
hesaplanmistir. Burada, ¢esitli malzeme degisim
katsayilar1 i¢in FD sandvi¢ dairesel plaklarin
Kirchhoff plak teorisine gore elde edilen boyutsuz
diisey deplasmanlari (w*:w/r) literatiirde ([18])
verilen degerler ile Cizelge 1’de karsilastirilmistir.
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Cizelge 1.FD Sandvi¢ dairesel plaklara ait
boyutsuz diisey deplasman degerleri

n Metot Ankastr; Sabit .
z mesnetli Mesnetli

1 Bu ¢alisma (TFY) 0,01790 0,07300
Ref. [18] (DKY) 0,01790 0,07300

5 Bu ¢alisma (TFY) 0,02832 0,11547
Ref. [18] (DKY) 0,02830 0,11540

Metal Bu ¢alisma (TFY) 0,05268 0,21483
Ref. [18] (DKY) 0,05270 0,21460

Cizelge 1 incelendiginde, FDM sandvi¢ dairesel
plaklarin egilme analizi i¢in bu ¢aligmada Onerilen
yontem ile elde edilen boyutsuz maksimum diisey
yer degistirme degerlerinin mevcut literatiir ile
uyum igerisinde oldugu goriilmektedir.

Bu arastirmada ¢oziilen sayisal uygulamalarda
kullanilan FD malzemelerin mekanik ozellikleri

Cizelge 2’de verilmistir.

Cizelge 2. Malzeme 6zellikleri

Malzeme E (GPa) \
Metal 70 0,3
Seramik 380 0,3

Ele alman tim FD sandvi¢ dairesel plaklar
(p, = 10° kPa) basing etkisinde olup, geometrik
ozellikleri sdyledir: Plagin yarigap1 (#=0,5) ve
kalin plak teorisi i¢in kayma diizeltme faktorii 5/6
olarak alinmistir.

Cizelge 3. Sabit mesnetli FD sandvi¢ Kirchhoff
dairesel plak i¢in elde edilen boyutsuz

diisey deplasmanlar (w* x10° )

n r/h
Z 1/5 1/10 1/20
Seramik 0,0229 0,1832 1,4652
1 0,0404 0,3232 2.5860
2 0,0510 0,4076 3,2600
3 0,0575 0,4598 3,6780
4 0,0618 0,4942 3,9520
5 0,0648 0,5180 4,1440
10 0,0718 0,5742 4,5940
Metal 0,1243 0,9942 7,9540
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Cizelge 4. Sabit mesnetli FD sandvi¢ Mindlin
dairesel plak icin elde edilen boyutsuz

diisey deplasmanlar (w* x 10%)

Cizelge 6. Ankastre mesnetli FD sandvi¢ Mindlin
dairesel plak i¢in elde edilen boyutsuz
diisey deplasmanlar (w* x 10%)

n v/h
z 1/5 1/10 1/20
Seramik | 0,006642 | 0,046980 | 0,363600
1 0,011202 | 0,081880 | 0,639600
2 0,013908 | 0,102820 | 0,805200
3 0,015572 | 0,115740 | 0,908200
4 0,016668 | 0,124260 | 0,975800
5 0,017440 | 0,130200 | 1,022800
10 0,019238 | 0,144120 | 1,133400
Metal | 0,036060 | 0,255000 | 1,973600

r/h

" /5 1/10 1120
Seramik 0,02392 0,18520 1,46940
1 0,04170 0,32580 2,59200
2 0,05236 0,41040 3,26600
3 0,05896 0,46280 3,68400
4 0,06328 0,49720 3,95800
5 0,06630 0,52120 4,15000
10 0,07340 0,57740 4,60000
Metal 0,12986 1,00540 7,97600

Calismanin  devaminda  Kirchhoff-Love ve

Mindlin—Reissner plak teorilerine gore sabit
mesnetli FD sandvi¢ dairesel plaklarm farkl
yarigap-kalinlik oranlari (r/A=5, 10 ve 20) ve farkl
malzeme degisim katsayilari (n,=0, 1,2, 3,4, 5 ve
10) i¢in boyutsuz deplasman degerleri hesaplanmis
ve Cizelge 3 - 4’te verilmistir.

Benzer sekilde yukarida verilen yarigap-kalinlik
oranlari1 ve malzeme degisim katsayilar1 igin
ankastre mesnetli FD sandvi¢ dairesel plaklara ait
boyutsuz diisey deplasmanlar hem ince hem de
kalin plak teorilerine gore elde edilmis olup
Cizelge (5 — 6)’da sunulmustur.

Cizelge 5. Ankastre mesnetli FD  sandvig
Kirchhoff dairesel plak icin elde
edilen boyutsuz diisey deplasmanlar
(w* x 10%)

r/h

"z /5 1/10 1720
Seramik | 0,005616 | 0,044940 | 0,359400
1 0,009912 | 0,079300 | 0,634400
2 0,012498 | 0,100000 | 0,800000
3 0,014098 | 0,112780 | 0,902000
4 0,015152 | 0,121220 | 0,969800
5 0,015886 | 0,127080 | 1,016600
10 0,017606 | 0,140860 | 1,126800
Metal | 0,030480 | 0,244000 | 1,951200
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Cizelgeler incelendiginde, her iki sinir sartinda da
FD sandvi¢ dairesel plaklarda meydana gelen en
biiyiik diisey deplasman degerlerinin, Mindlin—
Reissner plak teorisi kullanildiginda daha biiyiik
oldugu goézlemlenmistir. Bunun yani1 sira 7/ orani
arttikca boyutsuz deplasman degeri de artmaktadir.
Ayrica, ince ve kalin plak teorilerinde 7/4 oranina
bagli olmaksizin malzeme degisim katsayisi
arttikca boyutsuz diisey yer degistirme degerleri de
artmaktadir.

Caligmanin devaminda ince ve kalin plak
teorilerine gore, sabit ve ankastre mesnetli sandvig
dairesel plaklar (/=20 ve 5), ¢esitli malzeme
degisim katsayilar1 icin statik yiikler etkisinde
analiz edilmis olup, yarigapt boyunca diisey
deplasman ve donme degerleri bulunarak grafik
halinde sunulmustur (Sekil 2-9).

0,0
T05 |
g
g
-0
:
=
g5
g
A 20
22,5 ;
0,0 0,1 0,2 0,3 0,4 0,5
Yari ¢ap (m)

Sekil 2. Sabit mesnetli FD sandvi¢ Kirchhoff
dairesel plak icin elde edilen disey
deplasman degerleri (/h=20)
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Sekil 3. Sabit mesnetli FD sandvi¢ Kirchhoff  Sekil 6. Ankastre mesnetli FD sandvi¢ Kirchhoff
dairesel plak i¢in elde edilen donme dairesel plak icin elde edilen disey
degerleri (/h=20) deplasman degerleri (/h=20)
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Sekil 4. Sabit mesnetli FD sandvic Mindlin Sekil 7. Ankastre mesnetli FD sandvi¢ Kirchhoff
dairesel plak icin elde edilen diisey dairesel. plak i¢in elde edilen donme
deplasman degerleri (1/h=5) degerleri (1/h=20)
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Sekil 5. Sabit mesnetli FD sandvi¢c Mindlin  Sekil 8. Ankastre mesnetli FD sandvi¢ Kirchhoff
dairesel plak igin elde edilen donme dairesel plak icin elde edilen disey
degerleri (/h=5) deplasman degerleri (/A=5)
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Sekil 9. Ankastre mesnetli FD sandvi¢ Mindlin
dairesel plak i¢in elde edilen donme
degerleri (/h=5)

Sekil

2-9

incelendiginde malzeme degisim

katsayis1 artikca diisey yer degistirme ve donme
degerlerinin de arittig1 goriilmektedir.

Son olarak, sabit ve ankastre mesnetli dairesel
sandvi¢ plaklarin n, =2 ve (#/h=20 ,10 ve 5)

durumlari

icin diisey yer degistirme grafikleri

Sekil 10-15’de verilerek ince ve kalin plak teorileri
i¢in kargilagtirilmistir.
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Sekil 10. Sabit mesnetli dairesel plak icin diisey
deplasman degerlerinin karsilastiriimasi
(v/h=20)
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Sekil 11. Ankastre mesnetli dairesel plak icin
disey deplasman degerlerinin
karsilastirilmasi (#/4=20)
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Sekil 12. Sabit mesnetli dairesel plak icin diisey
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Sekil 13. Ankastre mesnetli dairesel plak icin
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Sekil 14. Sabit mesnetli dairesel plak i¢in diisey

deplasman degerlerinin karsilastirilmast
(r/h=5)
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Sekil 15. Ankastre mesnetli dairesel plak icin
diisey deplasman degerlerinin
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Grafikler incelendiginde, »/h orani arttikca kayma
sekil degistirme etkisi tamamen azaldigi ig¢in her
iki plak teorisine gore elde edilen disey
deplasmanlar iist {iste ¢akigsmaktadir. Diisiik »/
oranlara sahip olan FD sandvi¢ dairesel plaklarin
egilme analizi i¢in kalin plak teorisin uygulanmasi
Onerilmektedir.

4. SONUCLAR

Bu arastirmada, FD malzemeli sandvi¢ dairesel
plaklarin egilme davranist incelenmistir. Ele alinan
plaklarin  statik davranmisgimi  idare eden adi
diferansiyel denklemler kanonik formda, kalin ve
ince plak teorilerine gore minimum toplam
potansiyel enerji ilkesi ile bulunmustur. Elde
edilen denklemlerin niimerik olarak ¢oziilmesi igin
TFY kullanilmustir.

Cesitli  sinir  kosullarinin, malzeme degisim
katsayilarinin ve /A oranlarinin FD sandvig
dairesel plaklarin egilme davramigi iizerindeki
etkileri ayrmmtili  bir sekilde arastirilmistir.
Arastirmada kullanilan malzeme modelleri igin
malzeme degisim katsayisi arttikga deplasmanlarin
de arttig1 goriilmiistiir. Yarigapi-kalinlik (r/4) oram
azaldik¢a kayma sekil degistirme etkisinin arttig
gozlemlenmistir. Kenarlarindan ankastre mesnetli
durumda deplasmanlar kiigiik iken sabit mesnetli
durumda deplasmanlarin daha biyiik oldugu
gorilmiistiir.
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Son olarak daha 6nce cesitli mekanik problemlerin
¢Oziimiinde etkin bir sekilde kullanilan TFY ’nin,
FD sandvi¢ dairesel plaklarin egilme davranigini
aragtirmak i¢in oldukca etkin ve kolayca
uygulanabilir oldugu goriilmiistiir.
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Abstract

Increased energy demand and fossil fuel usage of the world has led to the search for new and clean energy
production methods. Renewable energy sources are developing and emerging options for energy
production methods. Sun is the most accessible and stable renewable energy source. There are several
methods to produce energy from the sun. The building-integrated photovoltaic (BIPV) system is a well-
known method for generating electricity by using solar cells to transform the energy from the sun into
electricity. BIPVs are a new technique to reduce energy consumption from fossil fuels. Passive solar
houses mean that the energy demand of the living space is met with the usage of solar energy for the
heating and cooling demand of the living space. In this study, an existing house, located in Istanbul, is
modeled and covered with photovoltaics with the help of a computer program and the amount of energy
produced with the aid of these photovoltaics is presented. The analysis demonstrates that the yearly
average amount of daily electricity production is varied between 1.05 kWh as the minimum value and
19.7 kWh as the maximum value for all facades. The yearly average amount of monthly electricity
production is varied between 31.8 kWh as the minimum value and 599 kWh as the maximum value for all
facades.

Keywords: Passive solar house, Building integrated photovoltaic system, Energy analysis, SketchUp

Binaya Entegre Fotovoltaik Sistemli Bir Giines Evinde Enerji Analizi
Oz

Diinyanin artan enerji talebi ve fosil yakit kullanimi, yeni ve temiz enerji iiretim yOntemlerinin
aranmasina neden olmustur. Yenilenebilir enerji kaynaklari, enerji liretim yontemleri i¢in gelisen ve
ortaya ¢ikan seceneklerdir. Giines, en erisilebilir ve istikrarli yenilenebilir enerji kaynagidir. Giinesten
enerji elde etmek i¢in ¢esitli enerji iiretim yontemleri vardir. Binaya entegre fotovoltaik sistemi, glinesten
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gelen enerjiyi elektrige doniistiirmek icin giines pillerini kullanarak elektrik {iretmek igin iyi bilinen bir
yontemdir. Binaya entegre fotovoltaik sistemler, fosil yakitlardan enerji tiiketimini azaltmak icin yeni bir
tekniktir. Pasif gilines evleri, yasam alanmin enerji ihtiyacinin karsilanmasi, yagam alaninin 1sitma ve
sogutma ihtiyaci i¢in giines enerjisi kullanimi anlamina gelmektedir. Bu ¢alismada, Istanbul'da bulunan
mevcut bir ev, bir bilgisayar programi yardimiyla modellenerek fotovoltaiklerle kaplanmis ve bu
fotovoltaikler yardimiyla iiretilen enerji miktar1 sunulmustur. Analiz, tim cepheler i¢in yillik ortalama
giinliik elektrik iiretim miktarinin minimum deger olarak 1,05 kWh ve maksimum deger olarak 19,7 kWh
arasinda degistigini gostermektedir. Tiim cepheler icin aylik ortalama elektrik tiretim miktar1 minimum

deger olarak 31,8 kWh, maksimum deger olarak 599 kWh bulunmustur.

Anahtar Kelimeler: Pasif giines evi, Binaya entegre fotovoltaik sistem, Enerji analizi, SketchUp

1. INTRODUCTION

Energy is a substantial term to maintain the living
standards of humanity. In the last decades, energy
consumption with the usage of fossil fuel increases
at a fast pace. The usage of fossil fuels causes a
significant amount of environmental pollution,
global warming and harmful effect of human
health. Based on the statistical data of the
International Energy Agency (IEA), fossil fuels
have the highest percentage between world total
primary energy supplies from 1971 to 2013 [1].

In order to decrease the fossil fuel depletion, some
new ideas and methods show up with the help of
emerging technology. Energy production from
renewable energy sources becomes more popular
and preferable instead of energy production from
fossil fuels [1].

There are several renewable energy sources which
are used for energy production in recent years. The
well-known renewable energy types are
hydroelectric, geothermal, solar, wind, biomass
and ocean energy. Recently, a lot of investigations
have been reported about these renewable energy
sources such as hydroelectric [2], geothermal [3],
solar [4], wind [5-8] and biomass [9]. Although the
investment cost of solar energy is high, the sun is
the most accessible and preferable option for
energy production between all the other renewable
energy sources. Photovoltaic panels have a major
advantage between all other solar energy systems
in terms of direct conversion from solar energy to
electricity. Moreover, photovoltaic panels are
simple, easy to construct and they can be
integrated into the buildings without any extra
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effort. A photovoltaic panel solar system contains
three main parts, i) photovoltaic modules or solar
arrays, ii) balance of system, iii) electrical load.
The solar cells are the primary unit of a
photovoltaic system.

Although there is a lot of information about
photovoltaics in literature, the information about
the application of photovoltaics and its energy
production analysis is not sufficient. Based on the
study of Aronova et al. [10], a passive house was
transformed as an energy plus house. The amount
of electricity production based on solar energy was
predicted. They concluded that the amount of
insolation and solar radiation receipt from the sun
were affected the electricity generation efficiency
using photovoltaic modules in Macedonia weather
conditions.

Tian et al. [11] implemented a feasibility study of a
building achieving zero energy. Software
TRNbuild was used to set up a 12-story residential
building as a reference building. Therefore, the
passive building design was applied in order to
decrease heating and cooling load with the help of
high-performance envelope, airtightness and fresh
air heat recovery efficiency. The annual energy
consumption of reference buildings was found as
30.33 kWh/m*a. It was observed that photovoltaic
array production on the roof could have met its
energy demand. It was proved that it was feasible
for residential buildings in Beijing to reach nearly
Zero energy.

According to the studies of Kwan and Guan [12],

the evaluation of the energy performance, financial
feasibility and potential energy savings of zero-
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energy houses were presented. A 5 stars energy
rated home was modeled with the help of a
computer simulation technique and confirmed by
comparing the energy performance of a basic
standard house in Brisbane. It was found that
almost 66% of energy savings can have achieved
with the annual energy usage of households by
increasing the thermal performance of building
envelope and decreasing the energy requirements
with the help of solar energy technologies.

Berry and Whaley [13] demonstrated a case study
about the performance of the photovoltaics for
zero-energy houses, in their study. The average
size for all photovoltaic systems was 2.47 kW,
with the smallest capacity of 1.5 kW, and the
largest 4.2 kW, The results showed that there were
some problems to obtain optimal performance of
the photovoltaics because of installation faults
such as orientation, tilt angles and overshadowing
from trees and buildings.

Adam and Apaydin [14] analyzed the effect of the
photovoltaics on the greenhouse gas emission
reduction and CO, emission reduction using
RETScreen software in Gaziantep city of Turkey.
They concluded that the emission reduction
capacity of the photovoltaic system was reasonable
but increasing the share of the solar photovoltaic
system can be achieved if only adequate financial
incentives are provided by the government.

Kapsalis and Karamanis [15] investigated the
effect of a building added photovoltaic array on the
energy demand of buildings during different
seasons. Two roofs with a 9.6 kW polycrystalline
photovoltaic array system were explored as part of
a detailed building energy system considering the
microclimate external flow patterns, the geometry
of the canopy architecture and the electricity
production. The results showed that the decreased
incoming solar fraction on the surface reduced the
heat gain and increased the heating loads.

Peng et al. [16] discussed building-integrated
photovoltaics in architectural design in China.
They considered building-integrated photovoltaics
in terms of cost, technology, functionality and
aesthetics. They concluded that there are limits in
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the use of the current form of building-integrated
photovoltaics owing to economical and technical
constraints. Moreover, it was understood that
tighter  integrations of  building-integrated
photovoltaics were not preferable in terms of
energy efficiency. Furthermore, easy maintenance
and replacement were found as an important
parameter in terms of increasing energy efficiency
with developing technology for building-integrated
photovoltaics.

Norton et al. [17] implemented a review about
enhancing the performance of building integrated
photovoltaics. They concluded that the cost of a
building integrated photovoltaic system can be
diminished with the help of decreasing
manufacturing,  installation, operation and
maintenance costs and enhancing the efficiencies
of photovoltaic modules. They suggested that
government subsidies and tax reductions on
building integrated photovoltaic systems should be
necessary for the improvement of market
development.

Shukla et al. [18] prepared an extensive review
about the design of building integrated
photovoltaic  systems. They revealed the
classification of solar photovoltaic cells and
building integrated photovoltaic systems in terms
of design purposes. They explained that building
integrated photovoltaics are an exchange of
conventional construction material by photovoltaic
materials like two-function material. They
proposed that the conventional building roof,
fagade and window shading systems can be
exchanged with building integrated photovoltaic
products.

Yang and Zou [19] investigated the costs, benefits
and risks of building integrated photovoltaics and
proposed suggestions for better and efficient
applications. They concluded that, although
building integrated photovoltaics have high initial
investment costs, there are important long-term
benefits for clients, end-users and the entire
society. Moreover, they said that, in order to
support building integrated photovoltaics, costs
should be decreased and also government policy
support and incentives are required.
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Cucchiella et al. [20] purposed to identify the
number of photovoltaic systems required to reach
the target of renewable energy production. They
observed that the economic results were strongly
affected by the annual average insolation value
however, the consumption of consumers was not
found critically important. Furthermore, they
found that the design principle of photovoltaic
systems had an important effect on energy
efficiency.

Biyik et al. [21] reviewed the building integrated
photovoltaic  systems according to energy
generation amount, efficiency, nominal power,
type and performance assessments in detail. They
observed that the shadowing effect, the direction of
the building, ambient temperature, the slope of the
photovoltaic panel can be listed as significant
parameters to obtain high energy efficiency in
experimental applications.

Perez et al. [22] presented the life cycle and
performance assessment of a building integrated
photovoltaic system in New York City. They
found that the major drawback of the facade
building integrated photovoltaic system was its
vertical orientation and receiving lower radiation
than roof and ground installations. Moreover, they
also mentioned two major advantages as no
requirement any virgin land for its operation and
interchangeability of structural units.

Photovoltaic panel technology has developed a lot
in recent years and its use has become widespread.
Especially, as the damage caused by the use of
fossil fuels to the world increased, solar energy,
which is a clean energy source, started to be
preferred more.There are few studies concern with
the BIPV applications on the residential areas and
there are some details that need to be discussed
and discovered to improve the efficiency of the
BIPVs. In this study, a BIPV house which is
located in Istanbul - Turkey was modeled and the
energy analysis was applied with the help of the
computer program. The annual energy
consumption and the number of average energy
requirements were observed.
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2. MATERIALS AND METHODS

Istanbul city of Turkey is chosen as the case study
due to the high energy requirements and high
environmental pollution of this city. The house,
which is located in the Uskudar district of Istanbul,
is modeled with the help of a computer program.
The total building area of this house is
approximately 150 m”. The model is drawn based
on the original architectural project. The SketchUp
program is used for modeling the house in the 3D
version. The Skelion plugin program is performed
to add photovoltaic panels to the 3D house model.
Moreover, this program is used to calculate the
amount of annual energy production. The period of
this analysis is considered as one year. In order to
obtain the exact results of the energy production,
the angles of the solar rays are investigated
according to months. The optimum solar ray angle
is chosen to obtain the optimum value of energy
production. The appliance and equipment audits
are also implemented to compare the amount of
energy consumption and energy production. The
most energy-efficient appliances are identified to
decrease energy consumption. According to these
appliances and other equipment, the average
annual energy consumption of a typical house is
calculated as approximately 6480 kW. Moreover,
all insulation materials in the market are evaluated
according to their superior properties. The
properties of the most superior insulation material
are chosen to be used for this study. Two types of
photovoltaic panels have been chosen according to
the dimensions of the surface to be applied, the
dimension of the small panel is 0.84 x 0.95 m and
the dimension of the large panel is 1.53 x 0.73 m.
In this study, 107 small panels and 30 large panels
are used to generate electricity for this house.
According to the given dimensions and number of
panels used in the house, the total photovoltaic
panel area is calculated as 188.88 m” The
schematic representation of the modeled house can
be seen in Figure 1-5. The general electricity
generation formula of a photovoltaic panel can be
seen below.

E = AxrxHxPR (1)
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where E is energy amount, A is total solar panel
area, r is solar panel efficiency, H is annual
average solar radiation on photovoltaic panels and
PR is performance ratio. For this study, A, r and
PR values of the photovoltaic panels are defined in
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Figure 5. Isometric view of the house
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the program according to selected panel types.
Furthermore, the H value of the given region can
be found in the Turkish State Meteorological
Service [23].

Figure 2. Side view of the house
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3. RESULTS AND DISCUSSIONS

This study reveals the real-life application of
energy assessments. The energy performance of a
BIPV house is introduced in order to observe
whether the photovoltaic panels satisfy the energy
requirements or not. Firstly, a real house is
selected in order to model in a 3D program. Then,
with the help of a plug-in program, photovoltaic
panels are added to the house. The location of the
house on the globe is used as an input value in
order to determine the amount of incident solar
radiation depending on the position of the house.
Besides, energy-consuming appliances are selected
to calculate how much energy consumed in a day.

The average daily electricity generation, the average
monthly electricity generation, the average daily
sum of global irradiation per square meter received
by the modules and the average sum of global
irradiation per square meter received by the
modules are observed with the help of Skelion plug-
in program. Before the calculations, the inclination
angle of the panels is chosen as 16° in order to
obtain optimum electricity production from the
panels. For each face, the results can be seen from
the Tables 1-11 based on the months of a year.

As can be seen from Tables 1 to 8, daily and
monthly electricity production rates are altered
based on the angle of the sun for all facades of the
house. This means that the amount of electricity
produced during the summer season increase due
to the angle of incidence of the sun. Turkey
receives sun rays at a steeper angle in June and
July compared to other months. The yearly average
amount of daily electricity production (E,) is
varied between 1.05 kWh as the minimum value
and 19.7 kWh as the maximum value for all
facades. The yearly average amount of monthly
electricity production (E,,) is varied between 31.8
kWh as the minimum value and 599 kWh as the
maximum value for all facades. When considering
the amount of global irradiation per square meter
received by the modules, it is observed that the
average value of the daily sum of global irradiation
per square meter is close to another for all faces.
The value of the daily sum of global irradiation per
square meter (Hgy) is varied from 3.66 to 4.66
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kWh/m’. The value of the sum of global irradiation
per square meter (H,,) is varied from 111 to 142
kWh/m®. The difference in the amount of
electricity production between all faces, while the
amount of global radiation per square meter close
to each other, is revealed that the direction of the
panel surface affects the efficient electricity
production process.

The site to source conversion factors of the system
can be seen in Table 10. For photovoltaic panels as
an electricity generation system, the aim of the site
to source conversion factors is taken into account
of conversion, transmission, and distribution losses
on the electricity generation [24]. For this study,
there is not an analogous conversion loss because
electricity is derived from the sun, which is not
considered as fossil fuels. Therefore, the site to
source conversion factors for the photovoltaic
panel system are almost 1 except for electricity.
The fact that the site to source conversion factor of
electricity is greater than 1 indicates that there are
distribution and transmission losses in the system.
With the reduction of the distribution and
transmission losses in the system, the site to source
conversion factor for the electricity will decrease
and approach to almost 1.

The amount of total site energy, net site energy,
total source energy and net source energy can be
seen from Table 11. Source energy means the total
amount of raw fuel that is required to exploit the
house. Site energy means the amount of heat and
electricity consumed by a house. As can be seen in
Table 11, the total site energy of the house is
calculated as 89.04 GJ while the net site energy is
88.27 GJ and the total source energy and the net
source energy is calculated as 281.14 GJ. Source
energy is the fairer unit of assessment of the
energy analysis. For this reason, in order to obtain
source energy value from the site energy value, the
site to source conversion factors can be used at the
international level of the energy assessments. The
total end usage of the electricity for different
applications of the house can be seen in Table 11.
The total end usage of the electricity for heating
application is calculated 30.92 GJ as the maximum
value and it is followed by interior equipment as
201.3 GJ. The total end usage of electricity in the
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whole house is calculated as 89.04 GJ and also it  can be seen from Tables 9 and 11.

Table 1. The results for the face 1

Month E4(kWh) E,, (kWh) H, (kWh/m®) H,, (kWh/m’)
Jan 0.27 8.48 1.05 32.6
Feb 0.49 13.7 1.66 46.5
Mar 0.85 26.5 2.80 86.8
Apr 1.29 38.8 4.30 129
May 1.77 54.8 6.06 188
Jun 1.95 58.6 6.88 206
Jul 1.95 60.4 6.91 214
Aug 1.60 49.6 5.68 176
Sep 1.09 327 3.82 114
Oct 0.62 19.1 2.18 67.4
Nov 0.34 10.1 1.28 383
Dec 0.30 9.36 1.16 36.1
Yearly average 1.05 31.8 3.66 111
Table 2. The results for the face 2
Month Eq4 (KWh) E, (kWh) H,y (kWh/m®) H,, (kWh/m")
Jan 1.25 38.8 1.53 47.5
Feb 1.82 51 2.19 61.2
Mar 2.81 87.2 3.40 106
Apr 3.83 115 4.80 144
May 4.97 154 6.44 200
Jun 5.34 160 7.11 213
Jul 5.43 168 7.27 225
Aug 4.70 146 6.30 195
Sep 3.52 106 4.60 138
Oct 2.30 71.4 291 90.1
Nov 1.56 46.7 1.93 57.9
Dec 1.30 40.3 1.60 49.6
Yearly average 3.24 98.7 4.18 127
Table 3. The results for the face 3
Month Eq4 (KWh) E, (kWh) H,y (kWh/m®) H,, (kWh/m®)
Jan 2.35 72.9 1.98 61.3
Feb 3.16 88.6 2.67 74.8
Mar 4.60 143 3.96 123
Apr 5.88 176 5.26 158
May 7.34 227 6.76 210
Jun 7.69 231 7.29 219
Jul 7.96 247 7.57 235
Aug 7.15 222 6.83 212
Sep 5.68 170 5.29 159
Oct 4.01 124 3.58 111
Nov 2.95 88.6 2.54 76.2
Dec 2.39 74.2 2.01 62.5
Yearly average 5.11 155 4.66 142
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Table 4. The results for the face 4

Month E4(kWh) E., (KkWh) Hy (kWh/m®) H,, (kWh/m®)
Jan 0.78 24.3 1.98 61.3
Feb 1.05 29.5 2.67 74.8
Mar 1.53 47.6 3.96 123
Apr 1.96 58.8 5.26 158
May 245 75.8 6.76 210
Jun 2.56 76.9 7.29 219
Jul 2.65 82.3 7.57 235
Aug 2.38 73.8 6.83 212
Sep 1.89 56.8 5.29 159
Oct 1.34 41.4 3.58 111
Nov 0.98 29.5 2.54 76.2
Dec 0.80 24.7 2.01 62.5
Yearly average 1.70 51.8 4.66 142
Table 5. The results for the face 5
Month E4(kWh) E., (KkWh) Hy (kWh/m®) H,, (kWh/m®)
Jan 7.52 233 1.52 47.1
Feb 11 308 2.18 61
Mar 17.10 530 3.40 106
Apr 23.30 698 4.80 144
May 30.20 937 6.44 200
Jun 32.40 973 7.11 213
Jul 33 1020 7.27 225
Aug 28.60 886 6.30 195
Sep 21.40 642 4.60 138
Oct 14 433 2.90 90
Nov 9.35 281 1.92 57.5
Dec 7.81 242 1.59 493
Yearly average 19.7 599 4.18 127
Table 6. The results for the face 6

Month E4(kWh) E., (KkWh) Hgy (kWh/m®) H,, (kWh/m%)
Jan 0.33 10.2 1.05 32.6
Feb 0.59 16.4 1.66 46.5
Mar 1.02 31.8 2.80 86.8
Apr 1.55 46.5 4.30 129
May 2.12 65.8 6.06 188
Jun 2.34 70.3 6.88 206
Jul 2.34 72.5 6.91 214
Aug 1.92 59.5 5.68 176
Sep 1.31 39.3 3.82 114
Oct 0.74 22.9 2.18 67.4
Nov 0.41 12.2 1.28 383
Dec 0.36 11.2 1.16 36.1
Yearly average 1.26 38.2 3.66 111
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Month Eq (KWh) E,, (kWh) Hy (KWh/m?) H,, (kWh/m?)
Jan 0.59 18.2 1.52 47.1
Feb 0.86 24 2.18 61
Mar 1.33 41.3 3.40 106
Apr 1.82 54.5 4.80 144
May 2.36 73 6.44 200
Jun 2.53 75.9 7.11 213
Jul 2.57 79.8 7.27 225
Aug 2.23 69.1 6.30 195
Sep 1.67 50.1 4.60 138
Oct 1.09 33.7 2.90 90
Nov 0.73 21.9 1.92 57.5
Dec 0.61 18.9 1.59 49.3
Yearly average 1.54 46.7 4.18 127
Table 8. The results for the face 8

Month Eq(kWh) E,, (kWh) H, (kWh/m?) H,, (kWh/m?)
Jan 1.07 33.1 1.05 32.6
Feb 1.90 53.3 1.66 46.5
Mar 3.33 103 2.80 86.8
Apr 5.04 151 4.30 129
May 6.90 214 6.06 188
Jun 7.62 228 6.88 206
Jul 7.60 235 6.91 214
Aug 6.24 193 5.68 176
Sep 4.26 128 3.82 114
Oct 2.40 74.5 2.18 67.4
Nov 1.32 39.5 1.28 38.3
Dec 1.18 36.5 1.16 36.1
Yearly average 4.08 124 3.66 111

Table 9. Site and source energy

Ener er total buildin; Ener: er conditioned
Total energy (GJ) ngI;a (MJ/m?) ¢ builgiynlg) area (MJ/m?)
Total site energy 89.04 593.07 593.07
Net site energy 88.27 587.96 587.96
Total source energy 281.14 1872.64 1872.64
Net source energy 281.14 1872.64 1872.64
Table 10. Site to source conversion factors
CF
Electricity 3.185
Natural gas 1.092
District cooling 0.762
District heating 1.647
Steam 0.585
Gasoline 1.050
Diesel 1.050
Coal 1.050
Fuel oil 1.158
Propane 1.151
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Table 11. Total end usage of the electricity

Electricity (GJ) Water (m’)
Heating 30.92 -—-
Cooling 13.67 -—-
Interior lighting 12.32 ---
Interior equipment 20.13 -—-
Fans 2.01 ---
Water systems 9.99 50.73
Total end uses 89.04 50.73

The total annual electricity production and the total
annual global irradiation per square meter received
by panels for each face can be seen from Figure 6
and 7. As can be seen from Figure 6, the maximum
amount of total annual electricity production has
occurred in face number 5. Whereas, as can be
seen from Figure 7, the amount of total annual
global irradiation per square meter received by
panels are close to each other for all faces. The
total amount of electricity production in a year
varies from 382 to 7190 kWh among all surfaces.
The amount of total global irradiation per square
meter varies from 1340 to 1700 kWh/m® among all
surfaces. As understood from Figure 6 and 7,
although face 3 and 4 receiving more global
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irradiation, face 5 produces more electricity
because of the higher number of panels that used
in face 5 and also the surface area of the panels is
higher than face 3-4. Furthermore, the lowest
electricity production occurs in faces 1 and 6 due
to the lowest global irradiation amount received by
panels. This result reveals that the direction of the
photovoltaic panels is also an important parameter
on electricity production in a house with
photovoltaic panels. The photovoltaic panels
placed through south-facing produces more
electricity than which of placed through north-
facing because of the angle of the sun.
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694

C.U. Miih. Fak. Dergisi, 37(3), Eyliil 2022



4. CONCLUSIONS

The main purpose of this study is to demonstrate
an application of photovoltaic panels on a real
house in Turkey. First of all, an existing house is
chosen to create a computer model and then to be
performed an energy analysis in this study. The
house is chosen in Istanbul where the highest
energy consumption occurred in  Turkey.
Furthermore, Sketchup software program is used
for modeling and also Skelion plugin program is
used for the implementation of the energy analysis
in photovoltaic panels. With the help of this plugin
program, placing photovoltaic panels on the house,
the amount of energy produced with photovoltaic
panels is calculated. For the exact electricity
production calculation, the coordinates of the
house are entered into the program in order to
determine the amount of sunlight received by the
house.

As can be seen from the results, the yearly average
amount of daily electricity production is varied
between 1.05 kWh as the minimum value and 19.7
kWh as the maximum value for all facades. The
yearly average amount of monthly electricity
production is varied between 31.8 kWh as the
minimum value and 599 kWh as the maximum
value for all facades. The value of the daily sum of
global irradiation per square meter is varied from
3.66 to 4.66 kWh/m’. Moreover, the total site
energy of the house is calculated as 89.04 GJ while
the net site energy is 88.27 GJ and the total source
energy and the net source energy is calculated as
281.14 GJ. The total end usage of the electricity
for heating application is calculated 30.92 GJ as
the maximum value and it is followed by interior
equipment as 201.3 GJ. Some suggestions, which
can be made according to the obtained results, are
listed below.

e It has been observed that the amount of energy
produced through the photovoltaic panels is
affected by the solar angle received by the
panel, and panels that receive sunlight at a
steeper angle will generate more energy.

e The direction of the surface on which the
panels are placed has been observed as another
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parameter affecting the amount of energy
generation. The reason for this situation can be
stated as the amount and duration of solar rays
received by the panels. Accordingly, it can be
said that it is more accurate to place the panels
on the south-facing surfaces than on the north-
facing surfaces.

e Another way to improve the energy generation
is to reduce the losses associated with
photovoltaic panels. In this study, heat losses
and shading losses are the most important
factors in energy production, especially due to
the application region. These losses are
dependent on the region and it is not possible
to reduce them by any change. However, in
order to reduce the effect of these losses on
energy production, it is recommended to
minimize the other losses such as cable losses
and inverter losses.

e Apart from all external factors, with the
development of technology, in terms of
electricity production, more efficient panels are
produced with different materials day by day.
As long-term electricity generation will
increase and the need for electricity will
decrease with the selection of panels for more
efficient  electricity = generation, more
economical results can be obtained in the
future.

As future work, it can be suggested that the
implementation of the  building-integrated
photovoltaic system in a house for different
inclination angles can be investigated in order to
obtain the most efficient inclination angle.
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Abstract

Turkey is a country with a high potential for agriculture purposes. Irrigation is a need to receive
agricultural output. Crop yield increases with optimal irrigation. Therefore, this work has designed a fully
automated irrigation system with an IoT-based approach for greenhouses. Using 10HS soil moisture and
pt1000 temperature sensors, the system has successfully generated irrigation-based decisions and saved
25 tons/da water compared to Et (Evapotranspiration) controller-based irrigation while plants received
optimal irrigation. The system works online and has two operation modes: fully automated and manual.
Fully automated system decreased water-wastages and labouring costs. Switching between modes can be
operated using a mobile application and parameters of the system communicates via cloud services.

Keywords: Internet of things, Smart irrigation, Soil moisture sensors

Seralar icin Tam Otomatik IoT Tabanh Sulama Sistemi Tasarimi
(0)7

Tiirkiye, topraklarinda tarim yapma potansiyeli yiliksek bir iilkedir. Tarimsal ¢ikt1 almak igin sulama bir
ihtiyagtir. Optimal sulama ile iiriin verimi artirilir. Bu ¢alismada, seralar i¢in Nesnelerin Interneti tabanl
bir yaklagimla tam otomatik bir sulama sistemi tasarlandi. 10HS toprak nemi ve pt1000 sicaklik
sensorlerini kullanan sistem yardimiyla, sulamaya dayali karar sistemi olusturularak, bitkilerin optimum

*Corresponding author (Sorumlu yazar): Halit ERIS, heris@cu.edu.tr
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sulama almas1 saglandi. Evapotranspirasyon denetleyici tabanli sulamaya kiyasla 25 ton/déniim su
tasarrufu elde edildi. Sistem ¢evrimigi ¢alisir ve iki ¢aligma moduna sahip olarak tasarlandi: tam otomatik
ve manuel. Tam otomatik sistem, su israfint ve is¢ilik maliyetlerini azaltarak tasarruf elde edildi. Modlar
arasinda gegis, bir mobil uygulama tasarlanarak gergeklestirildi ve sistemin parametreleri bulut hizmetleri

araciligiyla iletigsim kurdu.

Anahtar Kelimeler: Nesnelerin interneti, Akilli sulama, Toprak nem sensdrleri

1. INTRODUCTION

The use of the Internet of Things (IoT) based smart
systems is increasing day by day. The ability to
communicate between devices brings new
solutions to the problems that exist in a wide range
of application areas in both industry and society.
These solutions are used in the field of logistics,
assisted driving, mobile ticketing, environment
monitoring, augmented maps, tracking,
authentication, sensing, smart environments, social
networking, theft detection, robot taxi, city
information modelling, and agricultural
automation [1-2]. In such systems sensors enable
the devices to observe, detect, identify i.c.,
understand the environment. Communication
between devices allows users to monitor and
control the process. Since devices can react faster
than human beings to the parameters, this reduces
wastage and saves time.

One of the major consumptions on earth is
freshwater consumption. About %70 of the
freshwater is used for irrigation, %22 is used in
industrial applications and cooling, and %8 is used
for domestic purposes [3]. The high demand for
irrigation  indicates how  important  water
management is. loT-based embedded systems
allow users to measure the soil moisture and
temperature at real-time speed and complete the
irrigation with the least freshwater possible. Also,
the communication between different platforms
(Web, UART, Mobile applications) makes it
possible to monitor and remote control the system
when needed. Such systems are also called
Wireless Sensor Networks (WSN).

Wireless Sensor Networks (WSN) consist of a
group of spatially dispersed sensors that are used
for monitoring and recording parameters for the
conditions of an environment [4]. For the irrigation
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systems, these conditions are commonly humidity,
temperature, sound, and pollution. WSN takes
advantage of wireless connectivity and
spontaneous formation of networks and can
transport the data wirelessly. In such network
systems, each sensor has a radio transceiver that is
connected by an internal antenna, or the system is
supported with an external antenna in order to
enable the control of the sensor activity.
SensorScope is an example of a WSN-based
system [5]. This system is a low-cost data transmit
and receive system using up to seven sensors in
each of its stations with flexible commissioning
options.  SensorScape viability tests were
performed both indoors and outdoors in Génépi,
Switzerland, to collect rain, wind, and temperature
data in order to classify the region's microclimate
and forecast the frozen soil evolution. Other
contributions to smart monitoring systems are
Smart Water Pollution Monitoring systems
(SWPMs) and Smart Air Quality Monitoring
systems (SAQMs) [6-8]. SWPMs check the
harmful contaminants in water, reservoir water
quality and monitor the environment for a natural
water body. SAQMs have a purpose to contribute
to smart urban solutions for air quality. One of the
contributions to SAQMs is ERA-PLANET Project
which used both sensors and satellite products in
Kyiv Smart City Project [9]. In 2020 and 2021,
research on reliable LoRa Networks, WSN, and
autonomous irrigation in Indonesia and Thailand
gained momentum with global water shortages
with a focus of application based optimization [10-
12].

This paper presents the design of a fully automated
irrigation system, using embedded systems and
mobile application and aims to reduce water
wastage for the greenhouses. The general diagram
in Figure 1 shows the hardware system for the
implementation of the process.
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Figure 1. A general diagram for the proposed system

2. EMBEDDED SYSTEMS

The proposed architecture consists of a
microcontroller, soil moisture sensor, temperature
sensor, GSM (Global System for Mobile
Communication) shield module, Liquid Crystal
Display (LCD) screen, power supply, and
actuators. In such applications, small volume soil
moisture sensors may not provide a good
measurement since the soil itself is a naturally
heterogeneous system. Therefore, 10-cm long
Decagon 10HS soil moisture sensors were used to
determine the volumetric water content (VWC) via
measuring the dielectric constant of the growing
media. To observe the soil temperature, pt1000
digital temperature sensors with a measuring range
of -40 °C to +85°C were used. The sensor
measurement data were sent to an ATMEL
microcontroller to implement the algorithm.

C. U. Miih. Fak. Dergisi, 37(3), Eyliil 2022

3. IRRIGATION MANAGEMENT

Although irrigation is perhaps the most important
factor in ensuring greenhouse farmers can meet
their agricultural production demands, most
farmers base their irrigation practices on their
expertise and experience, or the weather
conditions. However, since the demands of the
plants cannot be completely met when irrigation is
performed in this manner, discases, yield losses,
lack of quality, and nutrient washing in plants
result [13]. In many agricultural regions,
insufficient irrigation scheduling and inefficient
use of water resources are common factors that
limit output [14]. Furthermore, it is unknown how
plants will respond to issues like climate change.
As a result, the need to determine the best amounts
of variables in crop production with the least error
pushes the trend toward technology-based systems.
Crop monitoring, optimization, and precise control
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are all possible with technology-based systems,
enabling farmers to achieve maximum crop output
of the highest quality [15-16]. It is wvital for
producers to keep track of stress fluctuations in
order to prevent plant stress levels from reaching
dangerously high levels as a result of unproper
irrigation programs. Furthermore, developing
methods to mitigate the harm caused by water
stress, in particular, is critical for the future of
agriculture. In this context, the research aimed to
automatically track the moisture level in the soil of
the greenhouse located in the Agricultural
Structures and Irrigation Department of Cukurova
University to provide the plants with the optimum
amount of irrigation water at the appropriate time.
The drip irrigation system was used in the
experiment, and irrigation was  applied
automatically through soil moisture sensors as
shown in Figure 2. Lateral pipes were black,
flexible polyethene pipes with a 20.00 mm
diameter. Up to the beginning of the parcel,
irrigation water was delivered through a @ 50 PVC
main pipeline. Drippers with a flow rate of 2 It/h
were spaced 30cm apart to provide a dripper for
each plant. Moreover, to determine the
effectiveness of the designed system, a manual
irrigation control issue was also included. The
images taken from the irrigation test site is shown
in Figure 3 and Figure 4.

Irrigation
Controller

Figure 2. Placement of the Sensors (S1, S2, S3,
S4, S5, S6, S7, S8, T1, T2), Plants (P),
and irrigation system greenhouse
located in the Agricultural Structures
and Irrigation Department of Cukurova
University
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Figre 3. mgn est site before the
implementation of the irrigation system

Figure 4. Fully functional irrigatin
implemented in the test site

system

3.1. Soil Moisture Based Systems

These systems are designed to automatically
monitor irrigation by receiving feedback from soil
moisture values through sensors placed in the
crop's effective root region. The majority of these
systems are enabled by a single fixed level of
volumetric soil water content (lower limit or upper
limit). However, This study was designed to obtain
a cycle between two different levels by
determining the field capacity and the allowable
amount of usable water. In this study, the usable
water capacity (UWC) of the greenhouse soil was
determined by a series of processes, the automatic
irrigation water process was designed to start when
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35% of the UWC was consumed and continue
until it reaches the field capacity. 10HS soil
moisture sensor is used to measure the UWC
consumed. The main reason to use 10HS sensor is,
its ability to measure soil moisture with a higher
accuracy in meaning of volumetric capacitive
magnetic field. A water meter was used to
calculate the volume of irrigation water used in
this process at the end of the experiment.

3.2. Et Controller-Based Systems

Weather data is used to calculate reference
evapotranspiration (ETo) to estimate plant water
needs. The amount of irrigation water for manually
irrigated subjects was calculated (I = ETo x Kc) by
multiplying the reference plant water consumption
(ETo) values obtained from an automatic climate
station that set up in the greenhouse by the plant
coefficient (Kc) values which chosen according to
the development time. Besides, the calculated
amount of irrigation was applied to the plants
manually weekly.

3.3. Comparison of Soil Moisture-based
System with Et Controller-based System

In comparison to conventional approaches, both
systems are beneficial. Several studies have been
carried out to assess both soil moisture sensor-
based and Et controller-based systems. For
instance, according to [17], irrigation reductions
were 7-30% for rain sensor-based treatments and
0-74% for soil moisture-based systems as
compared to a no-sensor treatment. Furthermore,
when compared to historical Et results, [18-20]
recorded water savings of 59 to 82%, 11 to 28%,
and 51% with using soil moisture-based system,
respectively. However, it is unclear at what levels
the soil moisture sensors began or stopped
irrigation in any of these experiments, or which
approach was used to incorporate this device into
the irrigation program. In the current study, the
field capacity of the trial soils was determined as
35% and the wilting point as 23%. Besides, it is
planned to irrigate up to the soil field capacity
when 35% of the UWC is consumed. For this
reason, irrigation was initiated whenever the soil

C. U. Miih. Fak. Dergisi, 37(3), Eyliil 2022

moisture level fell to 27.2% and ended with the
soil moisture levels reaching 35%.

4. DESIGN
SYSTEM

OF THE IRRIGATION

The irrigation system was designed to make
irrigation fully automated using high-resolution
sensors to reduce the amount of irrigation water
and manpower. Also, users were able to change the
operation mode between automatic and manual
irrigation using a mobile app and monitor all the
parameters of the irrigation. The interaction
between mobile application and microcontroller
was supported by Google Firebase online cloud
services.

Soil moisture sensors Sy, S, S3, 54, S5, 56 57, Sg and
temperature sensors t;,t, were place in four
different locations in the greenhouse. The
Volumetric Water Content (VWC) value was
calculated using Raw measurement m and the
Equation 1 to determine the soil moisture below as
shown below:

VWC Value=(1,17 x 10”)(m?)- 1
(3,95x10'6) (m2)+ (4,90x10'3) (m)-1,92

Algorithm 1 provides an overview of our fully
automated irrigation system which completes
irrigation cycles within weekdays between 07:00 —
17:00 using optimal soil moisture thresholds 27.00
—35.00 ppm to reduce the water wastage. The time
and date values TD were obtained using a Real-
Time Clock module (RTC). The mode switching
was operated using irrigation bit X from the cloud.
The mobile app also allowed the user to determine
manual irrigation thresholds M;, M,. As output,
our system triggered solenoid valves V and alert A
the user if the greenhouse temperature falls below
12° C. If the system is in manual mode, the
parameters were selected from the mobile
application according to the user choice. The
results of the irrigation system test are shown
below in Figure 5. Over 50.000 sample with
sampling time of 1000 ms, our system successfully
irrigated the system precisely according to the
given parameters.
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It was determined that 255.7 tons/da of irrigation
water applied with the system proposed, while 281
tons/da of irrigation applied with the Et-based

system (Table 1). In other words, as compared to

the Et-based system, the system based on the soil
moisture sensor has been found to save 9% water.

Greenhouse measurement

25

20

15

10

Average Soil Maisture Measurement

k]
0 M

0 10000

20000

30000 40000 50000

Samples

Figure 5. The results of the irrigation system test over 50.000 samples

Table 1. The cumulative amount of irrigation water applied at the end of the trial (ton/da)

Water-cost

Proposed system

Et controller-based system

Irrigation water 255.7 281
Algorithm 1: Irrigation Algorithm 9: Deactivate V:0
10: end if
Input: Soil moisture measurements : S 11: if Average(S) < AWCD ppm do
Temperature measurements it 12: Activate V: 1
Date and time stored using RTC :TD 13: else
Irrigation hours (07:00-17:00) : T, 14: Deactivate V:0
Allowed Irrigation Dates :D 15: end if
Mobile app Irrigation Mode Bit ¢ 16: update cloud variables
Mobile App Manual Thresholds My, M, 17: if X:0do
AWC Down-threshold :AWCD 18: if Average(S) <M, do
AWC Upper-threshold cAWCU 19: Activate I:1
20: Until Average(S)= M,
Output: Solenoid Valve Trigger Signals :V 21: else
Alert Signal DA 22: Deactivate V:0
1: Initialize S, Ty, T, TD and update cloud database ~ 23: end if
24: end for

for mobile application

2:forallTD € : T, and D do

3: Start online sampling to cloud database, pull
online variable X

4: ifX=1do

5 if Average(S) <AWCD do

6: Activate I:1

7: Until Average(S)=AWCU
8 else
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25:forallTD € : T, or € D do
26: if Average(t) <12° do
27: Activate A: 1

28: else Deactivate A: 0
29: update cloud variables

30: end for

31: repeat
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5. CONCLUSION

Turkey is a country with a high potential for
agriculture on its land. Irrigation is a need to
receive agricultural output. Crop yield increases
with optimal irrigation. Therefore, this work has
designed a fully automated irrigation system with
an IoT-based approach for greenhouses. Using soil
moisture and temperature sensors, the system has
successfully generated irrigation-based decisions
and saved 25 tons/da water while plants received
optimal irrigation. The system works online and
has two operation modes: fully automated and
manual. Switching between modes can be operated
using a mobile application and parameters of the
system communicates via cloud services.
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Abstract

In this research, yellow onion peel extract (YOPE) was tested against some pathogens inoculated into
pasteurized, UHT and raw milks. Milk samples were added with YOPE at 10% (v/v) and were left at 4 °C
for 5 days. The pH and colour of milk samples were determined at 1, 3 and 5th day of storage. Moreover,
the milk samples were inoculated by 0.0, 5.0 and 7.0 log cfu/mL of Escherichia coli ATCC 25922 and by
0.0, 5.0 and 7.0 log cfu/mL of S. aureus ATCC 25923. All the above samples were then added with
YOPE at a rate of 0.0 or 5.0% (v/v). YOPE had the greatest inhibitory effect on E. coli inoculated
pasteurized milk at a concentration of 7.00+0.24 log cfu/mL, whereas the lowest inhibitory effect was
shown on the raw milk inoculated with 7.00+0.87 log cfu/mL S. aureus and 5.00+0.21 log cfu/mL E. coli.

Key Words: Antibacterial activity, Milk, E. coli, S. aureus

_Sar1 Sogan (Allium Cepa) Kabugu Ekstraktimin Cig, UHT ve Pastorize Siitlere
Inokiile Edilen Baz1 Patojenler Uzerindeki Antimikrobiyal Etkisinin Belirlenmesi

Oz

Bu aragtirmada sar1 sogan kabugu ekstraktinin (YOPE), pastorize, UHT ve ¢ig siitlere inokiile edilen bazi
patojenler iizerindeki inhibitor etkisi incelenmistir. Siit dérneklerine %10 (v/v) YOPE ile ilave edilerek
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4 °C’de 5 giin inkiibasyona birakilmistir. Siit drneklerinin pH ve rengi depolamanin 1, 3 ve 5. giinlerinde
belirlenmistir. Ayrica, siit numunelerine ayr1 ayr1 0,0, 5,0 ve 7,0 log kob/mL konsantrasyonlarinda E. coli
ATCC 25922 ve S. aureus ATCC 25923 inokiile edilmistir. Bahsedilen numunelerin tiimiine ayr1 ayri
%0,0 ve 5,0 (v/v) konsantrasyonunda YOPE ilave edilmistir. YOPE en yiiksek inhibitor etkiyi 7,00+0,24
log kob/mL konsantrasyonunda E. coli ile kontamine edilmis pastorize siitte gosterirken; en diisiik
inhibitor etkileri 7,00+0,87 log kob/mL konsantrasyonunda S. aureus ile 5,00+0,21 log kob/mL

konsantrasyonunda E.coli ile kontamine edilmis ¢ig siitte gdstermistir.

Anahtar Kelimeler: Antimikrobial aktivite, Siit, E. coli, S. aureus

1. INTRODUCTION

Milk and dairy products are among the most
important dietary foodstuffs, providing appreciable
amount of protein and peptide structures such as
immunoglobulins, enzymes, antibacterial agents,
fatty acids, vitamins and minerals [1,2]. The milk
has nutritional composition of 11.9-12.7% dry
matter, 8.60-9.60% dry matter (ether-extract free);
3.10-3.30% fat; 4.50-5.10% lactose; 3.20-3.40%
protein and 0.70% ash [3,4]. The milk is well
characterised by its own color, taste and odor
[5,6]. The milk is daily subjected to a routine
safety monitoring to ensure the legal limits for the
levels of bacteria, pathogens and other undesirable
substances. However, it is nutritionally an ideal
medium for growing microorganisms [7]. The
pathogens found in raw milk were primarily C.
Jjejuni, Salmonella spp., Staphylococcus aureus, L.
monocytogenes, pathogenic E. coli and Yersinia
enterocolitica [8].

E. coli and S. aureus are among the most well-
known and studied foodborne pathogens [9]. The
detection of these pathogens in food products
indicates insufficient heat treatment during
production, poor hygiene conditions or
contamination after heat treatment [10].

Onion contains 1.4% protein, 0.2% fat, 88.1%
water, 8.9% carbohydrate, 0.8 g cellulose and 46
calori [11]. Onion is one of the most grown
vegetables in Turkey. The variety of onions with
yellow / white skin is juicy and sweet. Yellow
onion is mostly used for salads and some types of
food [12]. It is one of the vegetables that is a
source of vitamin C. Its chemical structure, the
amount of phenolic substances and antioxidant
activity is high [13]. Water extracts of onion peel
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has been previously studied as antioxidative and
antibacterial agents in many studies [14-18].
However, to our best knowledge there is a lack of
research testing the antibacterial effect of water
extract of onion peel on the pathogen inoculated
milk.

In this research, we aimed to test the effect of
enrichment of pasteurized, UHT and raw milks
milk on some physical and chemical characteristics
(pH and colour) of the milk, and on the inhibition
of some pathogens, namely E. coli ATCC 25922
and S. aureus ATCC 25923, inoculated into the
milk.

2. MATERIALS AND METHODS

2.1. Materials

Raw, pasteurized, UHT milks and yellow onion
peel were obtained from the local markets in
Karaman, Turkey. E. coli ATCC 25922 and S.
aureus ATCC 25923 were kindly provided under
aseptic conditions by Selcuk University, Food
Engineering Department. UHT milk was used to
make a homogeneous comparison with raw and
pasteurized milks.

2.2. Methods

2.2.1. Preperation of Yelow Onion Peel Extract
(YOPE) and Milks for Analysis

Dry peels separated from yellow onions were
cleaned up by washing with tap water. A 5 g of
peel was boiled in 100 mL water (5%, v/v) for
10 minutes. The mixture was cooled down to a
25 °C of temperature and then subjected to a
filtration through a Whatman no: 1 paper. A 10
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mL of raw, pasteurized and UHT milks was added
with 0.0 and 1 mL of YOPE (1 mL). Milk samples
were stored at 4 °C for 5 days. The pH analyzes
and color analyzes were performed on 1, 3 and 5"
days of storage.

2.2.2. Inoculation of Milks with E. coli and S.
aureus

E. coli and S. aureus were inoculated at the level
of 0.0, 50 and 7.0 log cfu/mL into raw,
pasteurized, UHT milks. Milks inoculated
pathogens were kept at 25 °C for 15 minutes. At
the end of this period, the milks were added with
5% YOPE (v/v). Milks were again kept at 25 °C
for 15 minutes. Eosin Methylene-blue Lactose
Sucrose Agar was used for the enumeration of E.
coli and Baird Parker Agar wused for the
enumeration of S. aureus. All the milk samples
prior to pathogen inoculation were enumerated for
total mesophilic aerobic bacteria using a Plate
Count Agar. The petri dishes were left to incubate
at 35-37 °C for 24-48 hours. Enumeration was
done by counting colonies developed at the end of
incubation period, and the results was expressed as
log cfu/ml.

2.2.3. Colour and pH Measurements

The exterior surface colour of all samples was
measured using a chromameter (Hunterlab
Colorimeter Colorflex) according to CIELab
system. CIE L*, a* and b* were determined by
the method described by Hunt et al. [19]. The pH
values were determined with a pH meter (pH
3110/SET WTW, Germany) [20].

2.2.4. Statistical Analysis

Each treatment was tested in duplicate samples
with two replications. All the analyses were
performed in two repetitions and two parallels,
providing a total of four independent
measurements. The results were expressed as
means + standard deviation. A two-way analysis of
variance was used to test the effects of treatments
at a 5% significance level by using SPSS 22
statistical package for Windows (IBM Corp.,
Armonk, New York, USA).
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3. RESULTS AND DISCUSSION

3.1. Hunter Colour Determination and pH

Table 1 and Table 2 indicates the effects of milk
types and storage time on L*, a*, b* and pH values
were statistically significant (p<0.05). The
brightest sample (L*) was obtained from the UHT
milk (89.77+0.1) and lowest bright sample was the
raw milk with YOPE (70.034+0.78). YOPE has a
brightness value of 7.21+0.36. The addition of
YOPE resulted in a decrease of L* value in all
milk species. The decrease from 88.90+0.21 to
74.29+0.32 was found to be more profound in
pasteurized milk (Table 1).

It is determined that raw milk with YOPE has the
highest a*value (16.10+£0.12), as an indication of
intense red colour occurrence with addition of
YOPE. Sample with at lowest a* value was
obtained from the raw milk (-2.604+0.14) since
YOPE has a color of orange. It is inevitable that
the milks enriched with YOPE would have a high
a* value. Thus, the addition of YOPE resulted in
an increase in the a * value in all milk samples. The
increase from -2.60+0.14 to 16.10+0.12 was found
to be more profound in raw milk (Table 1).

Pasteruized milk with YOPE has the highest b*
value as 25.97+0.23 as indication of intensed
yellow colour. Sample with at lowest b* value was
the raw milk (4.01+£0.58). YOPE per se has a value
0f 9.79+£0.45. The addition of YOPE resulted in an
increase in b* value in all milk samples. The
increase from 4.02+0.19 to 25.97+0.23 was more
profound in pasteruized milk (Table 1).

UHT milk has the highest pH value of 6.66+0.02.
Sample with at lowest pH of 6.49+0.02 was
pasteruized milk with YOPE. The pH value of
YOPE was determined to be 4.16+0.03. The
addition of YOPE resulted in a decrease in the pH
value in all milks. The decrease from 6.66+0.02 to
6.55£0.03 was fmore profound in UHT milk
(Table 1).
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Table 1. Anova comparison test results of the effect on color parameters and pH

Factor L* a* b* pH

P 88.90+0.21° -2.36+0.12% 4.02+0.19° 6.55+0.03°
P-O 74.29+0.32° 14.64+0.36° 25.97+0.23 6.49+0.02°
UHT 89.77+0.41° 2.15+0.41° 5.04+£0.297 6.66+0.02°
UHT-O 76.41+0.54° 13.58+0.25° 24.63+0.89° 6.55+0.03°
R 84.52+0.58° 22.60+0.14" 4.01+0.58° 6.63+0.04°
R-O 70.03+0.78" 16.10£0.12° 25.5440.62° 6.58+0.02°
0 7.21+0.36° 12.57+0.149 9.79+0.45° 4.16+0.03°

(Comparison of the means of 4 replicates with the Tukey’s test shows that there is a significant difference
between the a-f means on the averages (p<0.05). P: pastorized milk; P-O: pastorized milk with YOPE;
UHT: UHT milk; UHT-O: UHT milk withYOPE; R: raw milk; R-O: raw milk with YOPE)

There is waving in L* and b* values in all storage
days. It was observed that the highest L* value
(70.4940.06) was reached on 3rd day; the highest
values of a* (7.59+0.06) and b* (14.79+0.15) was

reached on the 5™ day; the highest pH value
(6.43+0.01) was reached on the Ist day during the
storage (Table 2).

Table 2. Anova comparison test results of the effect of storage days on color parameters and pH

Storage (day) L* a* b* pH
1 69.93+0.03° 6.71+0.05° 13.98+0.03° 6.43+0.01°
3 70.49+0.06° 7.04+0.02° 13.65+0.07° 6.24+0.02°
5 70.07+0.09° 7.59£0.06" 14.79+0.15° 6.02+0.02°

(Comparison of the means of 4 replicates with the Tukey’s test shows that there is a significant difference

between the a-c means on the averages (p<0.05)).

Figure 1 and Figure 2 indicated the effect of
interactions of milk species (with/without YOPE)
and storage time on L* a* b* and pH values,
respectively. As can be seen in Figure 1; the
highest L* and a* values were detected on the Sth
day of storage in UHT (90.28+0.11) and raw milk
with  YOPE (17.57+0.21), respectively. The
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Figure 1. L* a* b* values depent on storage time
(P: Pastorized milk; P-O: Pasteurized milk with YOPE; UHT: UHT milk; UHT-O: UHT milk with
YOPE; R: raw milk; R-O: raw milk with YOPE; O: YOPE).
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highest b* and pH values were detected in raw
milk with YOPE (26.92+0.08) and UHT milk
(6.86+0.02) on the 5th and 1st day of storage,
respectively (Figure 1 and Figure 2). The addition
of YOPE reduced the L* value of all milk samples;
increased a* and b* values in all storage days.

W 1nd Day
m 3th Day

Sth Day
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Lakade et al., [21] found 77+7.5 as L*,-5.27+1.8 as
a*, 3.47+3.5 as b* for control milk; 65+7 as L*,
37+0.85 as a*, 5.32+1.7 as b* for orange milk.
Codina-Torrella et al. [22] reported 80.76+0.45 as

UHT

UHT-O

L*-0.48+0.04 as a*, 14.92+0.17 as b* for raw
milk; 81.85+0.27 as L* -0.18+0.018 as a¥,
13.80+0.14 as b* for homogenized pasteurized
tiger nuts’ milk product.

® 1nd Day
M 3th Day
m 5th Day

R R-O 0

Treatments

Figure 2. pH values depent on storage time
(P: Pastorized milk; P-O: Pasteurized milk with YOPE; UHT: UHT milk; UHT-O: UHT milk with
YOPE; R: raw milk; R-O: raw milk with YOPE; O: YOPE).

It was determined that the pH value decreased in
all samples during the storage period. This
reduction could occur as a result of the activity of
microorganisms fermenting milk sugar. A
fluctuation in the pH value was observed in only
YOPE. But the increase on the 5th day could not
reach the ph value on the 1st day. The addition of
YOPE reduced the pH value of all milk samples
during the all storage days (Figure 2).

Metin and Oztiirk [23] comparised pH values and
the quality characteristics of the milk in their
study. They indicated milk at 6.8-6.6 pH values
was accepted as fresh and stated the begining of
acidification in milk started at pH 6.3. According
to our study, the pH value of pasteurized milk
samples fell below 6.3 on the 5 day of storage and
samples started to go rancid on the 5 day of
storage. Akarca et al., [24] determinated pH value
of pasteurized milk start to fell below 6,3 on 7 day

C.U. Miih. Fak. Dergisi, 37(3), Eyliil 2022

of storage. Samples started to go rancid on the 7
day of storage. In the analysis performed with 49
raw milk samples sold in Erzurum, the pH was
found as (5.93 + 0.11) [25]. The pH values of the
analyzed milk in two different studies were
determined as 5.80-6.05 and 6.41-6.63 [25-26].
Tuncer [27] stated milks pH as 6.454+0.009. Ates
[28] determined the pH value of milk obtained
from 24 provinces as 6.66-6.69.

3.2. Microbiological Analysis

The mean values of YOPE on pathogens are
shown in Figure 3 (E. coli) and Figure 4 (S.
aureus). As can be seen, YOPE had significant
effect (p<0.05) on inhibition of E. coli and S.
aureus (log cfu/ml).

Pasteurized milk samples were inoculated with E.
coli as 5.00+0.28 log cfu/mL and 7.00+0.24 log
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cfu/mL; the results determined as 3.06+0.19 log
cfu/mL and 4.69+0.19 log cfu/ml, respectively,
with addition of YOPE.

UHT milk samples were inoculated with E. coli as
5.00+0.39 log cfu/mL and 7.00+0.35 log cfu/mL;
the results determined as 3.30+0.50 log cfu/mL
and 4.69+0.19 log cfu/ml, respectively, with
addition of YOPE.

Raw milk samples were inoculated with E. coli as
5.00+0.21 log cfu/mL and 7.00+0.14 log cfu/mL;
the results determined as 4.29+0.06 log cfu/mL
and 4.42+0.19 log cfu/mL, respectively, with

Microbial concentration log cfu/ml

d
5_
c

4 b E b
3_

2_

1_

0

addition of YOPE.

Before adding pathogens to all milk samples, the
total number of  mesophilic aerobic
microorganisms (TMAB) of milks were examined.
As a result, while no microorganisms were found
in pasteurized and UHT milk, microorganisms
count was made in raw milk at a concentration of
4.334+0.19 log cfu/mL and 7.1+1.5 log cfu/mL. The
addition of YOPE reduced the number of
microorganisms detected in raw milk to 3,92+0,08
log cfu/mL and 6.34+0.57 log cfu/mL respectively
(Figure 3 and Figure 4).

M Pastorized
W UHT

Raw milk

a
M MO ME-7 MEO-7 ME-5 MEO-5

Treatments

Figure 3. Inhibitory effect on E. coli ATCC 25922
(M: milk; MO: milk + YOPE; ME-7: milk+ 7 cfu/mL E. coli; MEO-7: milk+ 7 cfu/mL E. coli + YOPE;

ME-5: milk+ 5 cfu/mL E. coli; MEO-5: milk+ 5 cfu/mL E. coli + YOPE).

The Communiqué of Turkish Food Codex Raw
and Heat Treated Drinking Milk stated that milks
with TMAB count above 5 log cfu/mL are not
suitable  for human  consumption  [29].
Accordingly, it was determined that one of the raw
milk used in our study was not suitable according
to food safety criteria. Yapik [30] reported that that
only 5 of the 24 milk samples met the values of the
Codex. Diler and Baran [25] determined the
TMAB count as 5.29 log cfu/mL in the analysis
performed with 49 raw milk samples. Caligkan
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[31] reported The TMAB count as 5.74-6.29 log
cfu/mL in 40 milk samples. Akarca et al. [24]
found the TMAB count as 3.86 log cfu/mL in raw
milk and 2.98 log cfu/mL in milk added with 0.2%
cinnamon on the 5 day of storage.

Pasteurized milk samples were inoculated with S.
aureus as 5.00+0.68 log cfu/mL and 7.00+0.44 log
cfu/mL; the results determined as 4.04+0.09 log
cfu/mL and 5.6+0.8 log cfu/mL, respectively, with
addition of YOPE.
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UHT milk samples were inoculated with S. aureus
as 5.00+£0.08 log cfu/mL and 7.00+0.46 log
cfu/mL; the results determined as 3.76+0.38 log
cfu/mL and 5.54+0.41 log cfu/mL, respectively,
with addition of YOPE.

Raw milk samples were inoculated with S. aureus
as 5.00£1.36 log cfu/mL and 7.00+0.87 log
cfu/mL; the results determined as 4.12+1.19 log
cfu/mL and 5.24+0.59 log cfu/mL, respectively,
with addition of YOPE (Figure 4).

YOPE has quercetin and derivatives, flavanols

7 -
6 -
5
4 -
3
2
1 4
0
M MO

Microbial concentration log cfu/ml

M5-7

Treatments

MS0-7

such as flavanols in it’s structure. Because of these
molecules, it has an antibacterial effect. So it is
expected YOPE to inhibit pathogens. It was
determined that the inhibitory effect of YOPE on
pathogens was higher in pasteurized and UHT
milk. Since raw milk samples contain a high rate
of microorganisms (TMAB) except E. coli and S.
aureus at the beginning of the analysis, YOPE
spent its antibacterial effect primarily by reducing
the number of TMAB. For this reason, it is thought
that YOPE has less inhibitory effect on pathogens
in raw milk than pasteurized and UHT.

m Pastorized
mUHT

W Raw milk

M5-5 M50-5

Figure 4. Inhibitory effect on S. aureus ATCC 25923
(M: milk; MO: milk + YOPE; MS-7: milk+ 7 cfu/mL S. aureus; MSO-7: milk+ 7 cfu/mL S. aureus +
YOPE; MS-5: milk+ 5 cfu/mL S. aureus; MSO-5: milk+ 5 cfu/mL S. aureus + YOPE)

Increasing concentration of pomegranate and
onion peel extracts increased the antibacterial
effect of extracts on E. coli [32]. The antibacterial
effect was detected as 98.06% when pomegranate
and onion peel extracts were used in a combination
50:50%. Ilkimen and Giilbandilar [33] found that
extracts of lavender and sage has antibacterial
activity on S. aureus and E. coli. Serpi et al. [34]
reported extract of lavander has inhibitory effect
on some pathogen bacteria. Hagimi et al. [35]
stated different plant extracts have antibacterial
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activity on S. aureus and E. coli. Harlita et al., [36]
reported Dayak onion extracts have antibacterial
effect on S. aureus, B. cereus, Shigella spp.and P
aeruginosa. The highest effect was seen on B.
cereus (139.58 %). Abdel-Rahim et al. [37] stated
the yellow onion extract caused a reduction of 4.
niger as 60.46%, 31.09%, 23.04% and 5.95% at
different concentration. Al-Delamy [38]
determined S. aureus growth at 6 log cfu/mL has
been completely inhibited by onion extracts. These
studies shows different plant extracts including
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onion peel extract have antibacterial effect on E.
coli and S. aureus.

4. CONCLUSIONS

The addition of YOPE resulted in a decrease in the
L* value and pH, an increase in the a* and b*
value in all milk species. Due to the dark color of
the YOPE, it was expected that the brightness
value of the milk can be lowered by the addition of
YOPE. The incerease in b* value was more
profound in pasteruized milk. The highest L* and
a* values were detected on the 5th day of storage
in UHT and raw milk with YOPE. The highest b*
and pH values were detected in raw milk with
YOPE and UHT milk on the 5th and 1st days of
storage, respectively. Yellow onion contained
appreciable amount of quercetin and derivatives,
flavanols which may have an antibacterial effect
on pathogens of E. coli and S. aureus. The addition
of YOPE in the milk can lower pathogens
concentration in milks. The most inhibitory effect
on E. coli was obtained from the pasteurized milk
at a concentration of 7.00+0.24 log cfu / ml. The
results show that yellow onion peel extract can be
used as a natural antibacterial for E. coli ATCC
25922 and S. aureus ATCC 25923 in pasteurized,
UHT and raw milks.
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Oz

Isletmeler, rekabet ortaminda iirettikleri {iriiniin devaml talep edilmesini isterler. Uretilen {iriiniin devamli
talep gormesindeki en 6nemli unsurlardan biri de kaliteli iiriin olmasidir. Istenilen kalitede iiriin olmasi
i¢in de {iretim siireci boyunca kalite kontrol olmasidir. Kalite kontrol’iin temel amaci, tiretim kusurlarinin
belirlenip 6nlenmesi ve standart mal iiretilmesidir. Endiistride kalite kontrol énemli oldugu gibi dogaltas
iiretimlerinde de kalite kontrol 6nemli olmaktadir. Ozellikle dogaltas fabrikalarinda iiretilen fayanslarin
olgiilebilir karakteristikleri olan kalinliklari, eni, boyu, gonyesi ve yiizey 6zelligi miisterinin ilk etap da
dikkat ettigi kistmdir. Olgiilemeyen fakat kalite acisindan énemli olan fayans dzellikleri ise, kdse kirig,
yiizey dolgu bosluklar1 ve kenar isleme 6zelliklerinden kaynaklanan kusurlardir. Mermer isleme tesisinde,
her operasyonda iiretilen yart mamulden sonra 6l¢ii kontroliiniin, damar-gatlak-kirik ve renk homojenligi
kontroliiniin, bir sonraki islemden 6nce yapilmasi gerekmektedir. Mermer sektoriinde miisteriye sunulan
nihai iriinlerin kalite standartlarinin olusturulmasi1 ve kalitedeki stirekliligin saglanmasi 6nemlidir.
Mermer fabrikalarinda levha ve fayanslara belirli asamalarda kalite kontrol ¢aligmalari yapilmalidir. Bu
calismada Isparta’da bulunan bir mermer fabrikasinin fayans iiretim hattindan 6rnek olarak alinan
30,5x30,5x1,25 cm boyutlarindaki bej mermer fayanslar, genel olarak tagin kalite karakteristigini ortaya
koyan, ayni iiretim hattindan ¢ikan mermerlerdir. Alinan drneklerin en, boy, kalinlik, génye ve yiizey
parlakligi gibi olgiilebilir karakteristikleri O6lgiildilkten sonra, elde edilen verilere Shewhart kontrol
grafikleri uygulanmisgtir. X-S kontrol grafikleri sonucunda {iretimde bazi sapmalarin oldugu
gbzlemlenmistir. Miisteri memnuniyeti agisindan 6nemli olan mermer sektoriinde, kalite kontrolde
yasanan bu sapmalar goz oniinde bulundurarak nedenleri arastirilmali, miisteri memnuniyeti maksimum
diizeye getirilmelidir.

Anahtar Kelimeler: Kalite kontrol, Mermer fayans iiretimi, Shewhart kontrol grafikleri
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Quality Control Application on Tile Production Line in Natural Stone Factory

Abstract

Enterprises request the product they produce in a competitive environment to be constantly demanded.
One of the most important factors in the continuous demand for the produced product is that it is a quality
product. It is the quality control throughout the production process in order to have the desired quality
product. The main purpose of Quality Control is to identify and prevent production defects and to produce
standard goods. Quality control is important in the industry, as well as in natural stone production.
Especially the measurable characteristics of the tiles produced in natural stone factories, such as
thickness, width, length, square and surface properties, are the first thing that the customer pays attention
to. The tile features that cannot be measured but important in terms of quality are corner cracks, surface
filling gaps and defects caused by edge processing features. In the marble processing factory, after the
semi-finished product produced in each operation, measurement control, vein-crack-fracture and color
homogeneity control should be performed before the next operation. It is important in terms of
establishing the quality standards of the final products offered to the customer in the marble sector and
ensuring the continuity in quality. Quality control studies should be carried out at certain stages in slabs
and tiles in marble factories. In this study,beige marble tiles of 30,5x30,5x1,25 cm sizes taken as an
example from the tile production line of a marble factory in Isparta are marbles coming out of the same
production line, which shows the quality characteristic of stone in general. After measuring the
measurable characteristics of the samples taken such as width, height, thickness, miter and surface
brightness, Shewhart control graphs were applied to these obtained data. As a result of X-S control
graphs, some deviations in production have been observed. In the marble sector, which is important in
terms of customer satisfaction, the reasons should be investigated taking into account these deviations in
quality control, customer satisfaction should be brought to the maximum level.

Keywords: Quality control, Marble tile production, Shewhart control graphic

diislirme ve firetim performansini iyilestirmeyi
1. GIRIS saglayan stratejik bir aractir [2].

Isletmeler, iirettikleri iriinin devamli talep Kalite kontrol, istenilen kalitede iriin elde
edilerek  rekabet halinde olduklar1  diger edilmesinin yaninda iretimin islem boyunca
isletmelerden daha iistin olmalarini isterler. ~ Kontrol  altinda  tutulmasi  amaciyla  tim
Giiniimiizde, isletmelerin ¢alisma kosullart nceki  isletmelerde yygulanmaktadlr: Stire¢  kontrolil
dénemlere gore cok daha komplikedir. Personel sirasinda, {iretim boyun?a ka}lte standar?larmdan
yéniinden, nitelikli eleman calistirma zorunlulugu ¢ikmaya neden olan faktdrler onceden belirlenerek

dogmustur. Uretimde kullandig1 hammadde ya da dijzeltmeler yaplhr..' Béylece, retim sure c
o 2 . boyunca kusurlu iretim yapilmasinin Oniine

yart mamullerde daha titiz bir se¢im yapmak Imis ol 3]

durumundadir. Bu yilizden isletmelerin kalite ve geetimig ofunur {2

kalite kontrol Tizerine siirekli iyilestirmeler

yapmalari gerekmektedir [1] Kalite kavramu iiriiniin dlgiilebilir veya 6l¢iilemez

ozelliklerine gore degisir. Dogal tas sektoriinde
. . o o ... TUretilen fayanslarin 6lgiilebilir 6zellikleri; kalinligs,
Kal}te goreceli bir kavram oldugu icin (;eslt.h eni, boyu, gonyesi ve yizey ozelligidir.
sekillerde tanimlamalar mevcuttur. Kalite, bir Olgiilemeyen ozellikleri ise, ebatli malzemenin,
irlinlin istenilen 6zellikte olmasini saglayan bir kose kirigy, yiizey dolgu bosluklari ve kenar isleme
aragtir. Kalite, miisteri istegini saglama, maliyeti  gzelliklerinden kaynaklanan kusurlaridir.  Bir
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iretim hattindan ¢ikan nihai driinler,

karakteristigi gostermeyebilir.

ayni

Kalite karakteristigi, siire¢ i¢inde baz1 nedenlerden
dolayt degiskenlik gosterebilir. Bu degisiklikler

sistematik ~ veya  rassal  olabilir.  Rassal
degiskenlikler kabul edilebilir smurlar icinde
kaldig1 siirece bir sorun yaratmaz. Ancak

sistematik nedenlerden dolay1 olugan degisiklikler
kaliteyi kontrol etmekte kullanilmaktadir. Satisa
sunulan mermerlerin boyutlari, cilasindaki kalite,
gonye ve pahlamanin diizglinliigli, renk/desen
homojenligi, fiziksel kusur igermeyecek sekilde
siniflandirilmast 6nemlidir [4,5].

Kontrol grafikleri endiistride siklikla uygulanan bir
yontemdir. Bagta dogaltas sektoriinde olmak iizere
madencilikte de karsilasilan Istatiksel Proses
Kontrolii ile son 20 yilda yapilan c¢aligmalardan
bazilar1 belirtilmistir.

Biiyiikksagis ve Bozkurt (2001), dogaltas
endiistrisinde kalite kontroliin ve
standardizasyonun Onemini vurgulamis,

isletmelerde dikkat edilmesi gereken konulari ele
alarak aciklamislardir [6]. Sarag¢ ve Ozdemir

(2003), vyaptiklar1 ¢alismada mermer fayans
boyutlarinin  kontrol altinda olup olmadiginin
saglanmasi ve miisteri memnuniyetinin

degerlendirmesi amaciyla c¢alisma yapmislardir
[5]. Polat, 2008 yilinda yaptigi g¢aligmada bir
mermer fabrikasinda iiretilen levha ve plakalarin
kalinlik, en-boy, ve gonye degerlerini inceleyerek
TSE-EN standartlarina uygunlugunu tespit etmistir
[4]. Ankara ve Yerel (2008), bloklardan dairesel
testereli makinalarla kesilen levhalarin kalinlik
Olgtimlerini benzerlikleri ve farkliliklar1 R kontrol
grafikleri ile belirlemislerdir [7]. Sarusik ve
arkadaslar1  (2010), mermer makinalarindan
iiretilen dogaltas iriinlerinin kalinlik, ebat ve
gonye karakteristiklerini istatistiksel olarak kalite
kontrollerini yaparak standartlara uygunlugunu
arastirmiglardir [8]. Cetintas ve Nazli (2018),
Afyonkarahisar’daki dogaltas fabrikasinda iki
farklt mermer 6rneklerinin hedeflenen kalinlik ve
parlaklik degisimlerini Shewhart kontrol grafikleri
ile incelemis ve analiz etmislerdir [9]. Dagli, 2019
yilinda hazirladigi yiiksek lisans ¢alismasinda
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mermer igleme tesislerinin seleksiyon bolimiinde
kalinlik ve parlaklik degisimlerini inceleyerek
Shewhart CUSUM (Cumulative Sum -Birikimli
Toplam  Kontrol  Grafikleri) ve EWMA
(Exponentially Weighted Moving Average-Ustel
Agirlikli Hareketli Ortalama Kontrol Grafikleri)
yontemleri ile kontrol grafikleri hazirlayarak analiz
etmistir [3].

Dogaltas sektorii disinda madencilikte son 15 yilda
yapilan diger ¢alismalardan bazilart ise su
sekildedir: Aykul ve arkadaglari (2005), Garp
Linyit Isletmeleri Tuncbilek Komiir Santralinin
siire¢ yeterliligini incelemiglerdir [10]. Elevli
(2006) tarafindan yapilan bir arastirmada
Tungbilek Termik Santrali’ndeki komiir
karakteristiklerini tespit etmek igin kontrol
grafikleri olusturulmustur. Burada amag, komiirde
meydana  gelen  degisiklikleri  belirleyerek
minimize etmektir [11]. Elevli ve Behdioglu
(2006), Seyitomer Termik Santrali’nde iretilen
komiirlerin kalitesinin degiskenligini
incelemislerdir. Burada, komiir Kkalitesi igin
Olciilen kalorifik degerlerin istatistiksel olarak
kontrol altinda olup olmadigi X ve R kontrol
grafikleri ile Dbelirlenmistir [12]. Elevli ve
arkadaglar1 (2009), kolemanit konsantrelerindeki
stire¢ kararlilhigimi belirleyebilmek igin iki farkli
kontrol grafikleri kullanmiglardir [13]. Arslan ve
Bayat, 2012 yilinda Cukurova’ daki briketleme
fabrikasinda yaptiklari ¢alismada briket 6rneklerini
alarak X-R kontrol grafiklerini ¢izmislerdir [14].
Arslan (2017) bakir konsantre tesislerinde kontrol
grafikleri olusturarak iiretim siirecinin yeterliligini
arastirmak amaciyla proses yeterlik analizi yapmis
ve elde edilen degerlere gore prosesin ihtiyaglari
karsiladigini tespit etmistir [15]. Arslan (2019), Eti
Aliminyum A.S. tesisinde aliiminyum iiretimini
toplam renk farki parametresi verilerini kullanarak
bulantk mantik istatistiksel kalite  kontrol
uygulamasi yaparak kontrol etmistir [16].

2. YONTEM

Mermer ve Dogaltag sektoriinde nihai riiniin
kalitesi satis fiyatim etkilemektedir.  Uretilen
fayans ve plakalarin fiziksel 6zelliklerinin yanisira

719



Dogaltas Fabrikasinda Fayans Uretim Hattindaki Kalite Kontrol Uygulamast

(boy, renk ve desen), yapisal kusurlart ve yiizey
parlakliklari mermer isleme tesislerinde dikkatli
bir bicimde kalite kontrolden gecerek miisteriye
sunulmaktadir.

Dogaltas fabrikalarinda kalite, tiretilen iriinler ve
iiretim siireci olarak iki gruba ayrilabilir. Uretilen
dirtinler ile ilgili kisim, tasin jeolojik, mineralojik
ve petrografik Ozellikleri, fiziksel ve mekanik
ozellikleri renk ve dokusu olarak gruplandirilabilir.
Uretim siireci ile ilgili faktorler ise en, boy,
kalinlik ve ylizey ozellikleri olarak
gruplandirilabilir. Mermerin kalitesine etki eden
unsurlardan, yapisal 6zelliklerinden kaynaklanan
sorunlar {iretim asamasi igerisinde dolgu ve
saglamlagtirma gibi miicadeleler ile giderilebilir.
Ancak renk, doku, petrografik o&zellikler gibi
unsurlar degistirilemez. Boyutlar1 uygun olmayan
tirtinler dogrudan bagka kullanim alani igin ayrilir.
Yiizey parlakligi icin istenen hedefe ulagmayan
tirlinlere iyilestirme islemleri yapilmaktadir, fakat
yapilan ekstra bir islem ek maliyete neden oldugu
icin istenmeyen bir durumdur. Bu yiizden
kontrollerin belirli zaman araliklari ile yapilmasi
ve lretim sirasinda olusan sapmalari aninda
belirleyerek nedenlerinin  ortadan kaldirilmasi
gerekir [7].

Bu c¢alismada Isparta’da bulunan bir mermer
fabrikasinin fayans iiretim hattindan 6rnek olarak
alman 30,5x30,5x1,25 cm boyutlarindaki bej
mermerlerin 6l¢iilebilir 6zellikleri incelenmistir.
Aliman Ornekler genel olarak tasin kalite
karakteristigini ortaya koyan, ayni iiretim hattindan
¢tkan mermerlerdir. Burada Orneklerin en, boy,
kalinlik, génye ve yiizey parlakligi geleneksel
Shewhart kontrol grafikleri ile incelenmistir.
Yapilan bu c¢alismada anakiitle varyansi ve

ortalamas1  bilinmedigi varsayilarak  6rnekler

rastgele secilmistir.

3. SHEWHART X-R VE X-S
KONTROL GRAFIKLERI

Istatistiksel Proses Kontrolii (IPK), iiretim

hattindan alinan iriinlerin istenen 6zelliklere uyup
uymadigint belirlemek ve kontrol etmek igin

720

istatiksel teknikleri kullanan bir sistemdir. Bu
sistem, sadece iiriinlerin kontrol edilmesini degil,
ayni zamanda prosesin siirekli olarak kontrol
edilmesini ve gerektigi takdirde gelistirilerek
iyilesmesini saglamaktadir. Uretilen iiriinlerin
kalite diizeylerinin arastirilmas1 ve varsa kalite
degisiminin belirlenmesi icin istatistiksel kalite
kontrol tekniklerinden yararlanilmaktadir. Bu
amacla, Ttretim prosesinden gelen iiriinlerin
tamamini muayene etmek yerine, belirli zaman
araliklarinda prosesi yeterince temsil edebilecek
nitelikte Orneklemler ¢ekilmekte ve bunlardan
gelen sonuclar degerlendirilerek, proses hakkinda
tahminde bulunulmaktadir. TPK, driin kalitesini
kontrol etmede, Shewhart’in iiretim prosesinde
istatistiksel ~ kavramlar1 uygulayarak  kontrol
semalarint  tanitmasindan dolayr biiyiik rol
oynamaktadir [17].

Uretim sirasinda belirli zaman araliklari ile alan
orneklerden elde edilen ol¢limlerin 6lgiilebilen
ozelliklerinin ~ degisimlerini  gosteren  grafige
kontrol grafigi denir. Kontrol grafiklerinde alt
kontrol siir1 (AKS), iist kontrol sinir1 (UKS) ve
orta deger (OC) cizgisi bulunmaktadir [16].

Shewhart’in kontrol grafikleri, iiretim siirecinde
kargilagilan problemlere ne zaman miidahale
edilmesi gerektigini belirleyen, islem siirecini
kontrol altina alabilen bir yontemdir. Shewhart’a
gore Tlrlinlerin tretimi sirasinda belirli sinirlar
vardir ve bu sirlar asildigi takdirde siirece
miidahale edilmesi gerekmektedir. Shewhart kalite
kontrol grafikleri istatistikte kalite kontroliin
onemli araclarindan biridir. Bu grafikler siireclerin
hassasiyetini 6lgmek i¢in fayda saglamaktadir [3].

Shewhart kontrol grafigi ile drnek ortalamasinin
dagilimi, standart sapma ve degisim aralifina ait
dagilimlar takip edilir. Ortalama (X) kontrol
grafikleri;  6rnek  ortalamalarinin  istenilen
ortalamaya/genel ortalamaya gore nasil
karsilastirilacagini  gosterir. Degisim araligi (R)
kontrol  grafikleri; o6rnek icindeki bireysel
gozlemlerin farkliligini belirler. Standart sapma (S)
kontrol grafikleri; ornek standart sapmalarinin
ortalamalari ile iligkili oldugu ortalama ve standart
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sapma alt grup dagilimlarinin degisimini belirler.
Shewhart kontrol grafikleri icerisinde (X)-(R) ve
(X)-(S) kontrol grafikleri daha sik kullanilmaktadir

[3].

3.1. Oliilebilir Karakteristikler icin Kalite
Kontrolii

Uriinlerin ~ 6lciilebilir  karakteristikleri  temel
alinarak yapilan kalite kontroliinde {i¢ ¢esit kontrol
grafigi kullanilabilir.

e Degisimaraligi (R)
e  Standart sapma (S)
e Ortalama (X)

3.1.1. Degisim Araligi Kontrol Grafikleri

Kalite 6zelliklerinde kullanilan, 6l¢iilebilir olarak
ifade edilebilir degiskenlerde kullanilan kontrol
grafigi X-R kontrol grafikleridir. X kontrol
grafiginin kontrol simirlari, R kontrol grafiginin
merkez ¢izgisi kullanilarak olusturulmaktadir.

Orneklem degerlerinin en biiyiik ve en kiiciik
degerleri arasindaki farka “Degisim Aralig1” denir.
Bu parametreyi kullanan kontrol grafikleri ne
“Degisim Aralig1 kontrol grafigi” veya “ R kontrol
grafigi” denir (Esitlik 1-3).

UKSg=D,xR (1)
0Cg=R 2)
AKSg = DyxR 3)

3.1.2. Standart Sapma Kontrol Grafikleri

Uretim  siirecinin  ortalamasin1 ~ ve  siireg
degiskenligini kontrol altinda olup olmadigim
belirleyen  kontrol  grafikleri X-S  kontrol
grafikleridir. X kontrol grafigi ortalamadan, S
kontrol grafigi ise isletmedeki niceliksel verilerin,
isletme Ol¢lim ortalamasina gore sapmalarin
gdsterir. Orneklem hacminin 10°dan fazla olmasi
durumunda X-S kontrol grafikleri, 6rneklem
hacminin bu degerden az olmasi halinde ise X-R
kontrol grafikleri tercih edilmektedir.
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Bu tip kontrol grafiklerinde standart sapmasi (o)
bilinmeyen bir ana kiitleden, her biri n birimden
olusan k adet 6rnek alinarak standart sapmalari
hesaplandiktan sonra, bu standart sapmalarin
ortalamast (S) belirlenir (Esitlik 4-6).

UKSs=B,xS 4)
0¢=S (5)
AKSs— p,xS (6)

3.1.3. Ortalama Kontrol Grafikleri

Ortalama kalite diizeyinin kontrolii i¢in gelistirilen
grafiklerdir. Ana kiitleden her biri n birimden
olusan k adet drnek alinir ve her birinin ortalamasi
(X;) hesaplanir. Bu ortalama degerlerin de kendi
arasindaki genel ortalamasi belirlenir (Esitlik 7).

= vk x5

X: 2:1:1X1 (7)
k

Bu genel ortalama ayni zamanda ana kiitle

ortalamasinin ~ bir  tahminidir. =~ Ortalamalar

dagiliminin standart sapmasi ise (Esitlik 8);

ox= 7 (®)

esitliginden hesaplanir. Burada ¢ ana kiitle standart
sapmast olup, degerinin bilinmedigi ve n>30
oldugu durumlarda o&rnek kiitlenin  standart
sapmasi, ana kiitleninkine esit kabul edilebilir. Bu
tip kontrol grafiklerinin kullamiminda, her bir
orneklemede bulunacak 6rnek birim sayisinin n>4
olmasi tercih edilir. Ornek birim sayisinin n>10
olmast halinde ise standart sapma kontrol grafikleri
kullanilir.

Burada R degisim araliklarinin ortalamasii ve S
standart sapmalarin ortalamasini vermektedir. Ds
ve Dy ile B3 ve By ise alt grup drnek biiyiikliigiine
bagl katsayilardir. Ek 1°de X , R ve S grafikleri
icin kontrol smurlart  belirleme katsayilar
verilmektedir. Buradan n birim sayisina gére UKS
ve AKS degerlerini belirlemek icin gerekli olan
katsayilar farkli 6rnek biiytikliikleri igin literatiirde
tablolar halinde belirtilmektedir.
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X, R ve S grafiklerinin en 6nemli farki yayilim
grafiklerinden  kaynaklanir.  Alt  gruplarin
biiytikliiklerine gore hangi degiskenlik
istatistiginin daha etkili olacagi temel alinarak
grafik secilir. Alt gruplarin biiytikligi, n, 10°dan
biiyiikse veya alt gruplarin biiyiikliikleri degisken
ise X ve R kontrol grafikleri yerine X ve S kontrol
grafiklerinin kullanilmasi tercih edilir [19]. Cizelge

1’de Kontrol Grafikleri  Smirlarmin  6zeti

goriilmektedir.

Cizelge 1. Kontrol grafikleri sinirlart [12]

Grafik Merkez | Alt kontrol Ust kontrol

tiirii ha_ttl smir (AKS) smiri (UKS)

Ortalama X X — AR X+ AR

Degisim = = =

aralig R D3R D.R

Standart N B,S B,S

sapma

4. MERMER FABRIKASINDAKI
KALITE KONTROL SONUCU
ELDE EDILEN BULGULAR

Mermer isleme tesisinde, her operasyonda iiretilen
yart mamulden sonra o6l¢li kontroliiniin, damar-
catlak-kirik ve renk homojenligi kontroliiniin, bir
sonraki islemden Once yapilmasi gerekmektedir

[1].
Mermer iiretiminde tiiketicinin kalite beklentileri;

Malzeme se¢imi

Malzemenin rengi ve dokusu

Malzeme kalitesi ve ebatlama hassasiyetleri
Zaman faktorii

Ambalaj kalitesi

Nk W=

Bu amagla iiretim hattindan rasgele alinan 16 adet
fayans orneklerinin kalite kontrollerinin
saglanmast i¢in en, boy, kalinlik, gonye ve
parlaklik dlgiimleri yapilmistir. Bu dlgiimlerde EN
12057 standardi gbz Oniinde bulundurulmustur.
1,25x30,5x30,5 cm ebatlarindaki 6rneklerden
kalinlik i¢in 10 farkli yerden, en ve boy i¢in 5
farkli yerden, parlaklik i¢in ise 25 farkli yerden
Olciim alinarak toplamda 752 olglim iizerinden
kontrol grafikleri olusturulmustur. Bu asamada
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anakiitle varyansi ve ortalamasinin bilinmedigi
kabul edilmistir. Yapilan her bir dl¢lim
cizelgelerde birim sayisi olarak belirtilmis ve X-R-
S kontrol c¢izelgeleri olusturulmustur. Bu
cizelgelerin 0Ozet olarak sunumu Cizelge 2’de
verilmistir.

Yapilan olgtimler Esitlik 1, 2 ve 3’de yerine
konularak degisim aralig1 limitleri, Esitlik 4, 5, 6
kullanilarak standart sapma limitleri ve Esitlik 7
kullanilarak 6l¢iimlerin ortalamalart belirlenmistir.

Cizelge 2. X-R-S kontrol ¢izelgeleri

k n X R S
Kalinlik 16 | 10 12,90 0,45 | 0,14
En 16 | 5 304,35 0,34 | 0,14
Boy 16 | 5 304,17 0,18 | 0,08
Parlaklik | 16 | 25 21,60 18,94 | 5,04
Gonye 16 | 2 427,54 0,79 | 0,40

Bu c¢alismada X-S kontrol ¢izelgelerine uygun
olarak UKS ve AKS limitleri belirlenmis ve
grafikler cizilmistir (Sekil 1-10). UKS ve AKS
kontrol sinirlart belirlenirken gerekli olan A,, B;
ve By gibi sabit katsayilar Ek 1°’den alinmustir.

Kalinlik birim degerleri i¢in;
Ortalama kontrol grafigi i¢in (Cizelge 2);

AKSg=13,03
0Cx=12,90
UKSx=12,76

Standart Sapma kontrol grafigi i¢in;

AKSs=0,04
0Cs=0,14
UKSs=0,25

Sekil 1 ve Sekil 2 de belirtildigi gibi kalinligi 12,5
mm olarak alinan 16 adet drnegin ortalamasi 12,9
mm olarak Ol¢ililmiis ve sadece 4 tanesinin
ortalama kontrol grafigine gore sinirlar igerisinde
oldugunu sdylemek miimkiindiir. Standart sapma
kontrol grafigine bakildiginda son drnegin sinirin
biiyiik bir farkla digma ciktig1 goriilmekte, diger
orneklerin standart sapmalarmin uyum iginde
oldugu goriilmektedir.
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15,50
15,00
14,50
14,00
13,50

13,00

12,50

12,00
0 2 4 6 8 10 12 14 16 18

ornek sayisi (k)

Kalinhk_Ortalama Degeri (mm)

——Xi ---UKS ==-AKS ——OC

Sekil 1. Mermer fayanslarinin kalinlig1 i¢in olusturulan ortalama kontrol grafigi

0,45
0,40

0,35

0,30

025 @ m e e e m e mm e mmmmmmmm e _
0,20

0,15 \/‘\/AH/\'\.\‘/\V
0,10

0,05

geri

pma De

0,00

Kalnhk Standart Sa

0 2 4 6 8 10 12 14 16 18
ornek sayisi (k)

——O0C ---UKS ---AKS —e—Si

Sekil 2. Mermer fayanslarinin kalinligi i¢in olusturulan standart sapma kontrol grafigi
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En birim degerleri i¢in;
Ortalama kontrol grafigi i¢in (Cizelge 2);

AKSg=304,27
0C=304,35
UKSg=304,43

Standart Sapma kontrol grafigi i¢in;

AKSS:O
0G¢=0,14
UKSs=0,30
E
g
5
on
D
a
]
£
]
=
b
O|
=
=
5
o0
[
=)
<
=
="
<
)]
b=
]
=
=
8
wl
=
=
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Sekil 3 ve Sekil 4’de belirtildigi gibi eni 305,00
mm olarak alinan 16 adet Ornegin ortalamasi
304,35 mm olarak &lgiilmiis ve sadece 1 tanesinin
ortalama kontrol grafigine gore sinirlar igerisinde
oldugunu sdylemek miimkiindiir. Standart sapma
kontrol grafigine bakildiginda son 3 drnegin sinirin
baya digina ciktigi goriilmekte, diger Orneklerin
standart sapmalarinin  uyum ic¢inde oldugu
goriilmektedir.

307,00
306,50
306,00
305,50
305,00
304,50
304,00
303,50
303,00
302,50
302,00

o¢

8 10 12 14 16 18

Ornek Saysi (k)
- - = UKS

-=-=-AKS —e—Xi

Sekil 3. Mermer fayanslariin eni i¢in olusturulan ortalama kontrol grafigi

0,55
0,45
0,35
0,25
0,15

0,05

—0C

Ornek Sayisi (k)
- - -UKS

10 12 14 16 18

- --AKS —e—Si

Sekil 4. Mermer fayanslarinin eni i¢in olusturulan standart sapma kontrol grafigi
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Boy birim degerleri i¢in; Sekil 5 ve Sekil 6’da belirtildigi gibi boyu 305,00
Ortalama kontrol grafigi i¢in (Cizelge 2); mm olarak alinan 16 adet Ornegin ortalamasi
304,17 mm olarak O&lgiilmiis ve sekiz Ornegin
AKS%=304,12 siirlar iginde oldugunu sdylemek miimkiindiir.
0C¢=304,17
UKS%=304,22 Standart sapma kontrol grafigine bakildiginda 14
numarali 6rnegin sinirin digina ¢iktigi goriilmekte,
Standart Sapma kontrol grafigi i¢in; diger orneklerin standart sapmalarinin uyum icinde
oldugu goriilmektedir.
AKSS:O
0C=0,08
UKS¢=0,17
306,00
~ 305,00
=
£ 304,00
5 303,00
P
2 302,00
g
= 301,00
=
£ 300,00
o
> 299,00
2 0 2 4 6 8 10 12 14 16 18
Ornek Sayisi (k)
——O0C ---UKS ---AKS —e—Xi

Sekil 5. Mermer fayanslarinin boyu i¢in olusturulan ortalama kontrol grafigi

0,40
& 0,35
)
20,30
«
0,25
0,20
0,15

0,10 A f\/\

A

0 2 4 6 8 10 12 14 16 18

Ornek Saysi (k)
——0C ===UKS  ----- AKS  —e—Si

ri

Standart Sapm
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
]
|

Boy

Sekil 6. Mermer fayanslarinin boyu i¢in olusturulan standart sapma kontrol grafigi
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Parlaklik birim degerleri i¢in; 16 adet 6rnege glossmetre ile yapilan dl¢limlerde

tasin  parlakligmin ¢ok da iyi olmadigini,

Ortalama kontrol grafigi i¢in (Cizelge 2); miisterinin fayanslari honluw/ham olarak

AKSg=20,87
0C5=21,65
UKSg=22,47

nitelendirilen  ylizey islemine gore kabul
gorecegini aksi halde orneklerin tekrar silim
hattina verilerek cilalanmasi gerektigi sdylenebilir.
Bdyle bir durum, isletme agisindan zaman kaybi ve
ekstra maliyet anlamina gelmektedir.

Standart Sapma kontrol grafigi icin;

Sekil 7 orneklerin parlaklik ortalama degerlerinin
tamaminin sinir disinda oldugunu gostermektedir.

AKS¢=2,88 ; )
0C.=5,09 Fakat standart sapma kontrol grafigine (Sekil 8)
UKSSSJ 31 bakildiginda 9 Ornegin kontrol dist oldugunu
’ sOylemek miimkiindiir. Neredeyse yar1 yartya bir
durum sz konusudur.
50,00
~ 40,00
g
g
= 30,00
5
g
/| 20,00
]
g
= 10,00
S
=)
! 0,00
% 0 2 4 6 8 10 12 14 16 18
E Ornek Sayisi (k)

——O0C ---UKS ---AKS —e—Xi

Sekil 7. Mermer fayanslarinin parlakligi i¢in olusturulan ortalama kontrol grafigi

16,00
14,00
12,00
10,00
8,00
6,00
4,00
2,00
0,00

geri

pma De;

Parlakhik_Standart Sa

0 2 4 6 8 10 12 14 16 18

Ornek Sayisi (k)
0OC =-=--0UKS =---AKS —e—Si

Sekil 8. Mermer fayanslariin parlakligi icin olusturulan standart sapma kontrol grafigi
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Gonye birim degerleri igin;
Ortalama kontrol grafigi i¢in (Cizelge 2);

AKSx=426,79
0 =427,54
UKSg=428,29

Standart Sapma kontrol grafigi i¢in;

Merve KARAABAT VAROL, M. Saim SARAC

Sekil 9, alinan Orneklerden yarisinin gonye
Olgtimlerinin sinir dist oldugunu gdstermektedir.
Standart sapmalarma bakildigi takdirde tim
ornekler uyum i¢inde oldugundan kabul edilebilir
smirlar  igerisindedirler. Sekil 10 ise tim
orneklerden alinan goénye Ol¢limlerinin standart
sapma ile uyum icinde oldugunu gostermekte ve
kabul edilebilir dl¢iilerde oldugunu séylemektedir.
Aliman  Ornekler  iizerinden X-S  kontrol
grafiklerinde UKS ve AKS disinda kalan

AKSg=0,40
0C¢=0,40 orneklerin oldugu gézlemlenmistir.
UKS¢=1,03
432,00
431,00
E 430,00
§ 429,00
S, 428,00 -
8 427.00 -
E 426,00
= 425,00
5| 424,00
% 423,00
S 0 2 4 6 8 10 12 14 16 18
Ornek Sayisi (k)
——Xi OC ---UKS ---AKS

Sekil 9. Mermer fayanslarinin gényesi i¢in olusturulan ortalama kontrol grafigi

1,20
oo =TT °T°7

0,20

Gonye_Standart Sapma Degeri

—e—Si

0,80
0,60 / \ A
0,40 V

0,00 -———

6 8 10 12 14 16 18
Ornek Sayisi (k)

0C =-=UKS ==-=AKS

Sekil 10. Mermer fayanslarinin gonyesi i¢in olusturulan standart sapma grafigi
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5. SONUC

Mermer sektoriinde miisteriye sunulan nihai
iirlinlerin kalite standartlarinin olusturulmasi ve
kalitedeki stirekliligin  saglanmast  Onemlidir.
Mermer fabrikalarinda levha ve fayanslara belirli

asamalarda, belirli siirelerle kalite kontrol
caligmalari yapilmalidir. Satisa sunulan
mermerlerin  cilalama  esnasindaki  kalitesi,
ebatlarinda ve gonyelerindeki  kusursuzluk,

pahlamanin diizgiinligii, renk ve desenindeki
homojenlik 6zellikle ihracat acgisindan dikkat
edilmesi gereken ozelliklerdir.

Bu c¢alismada mermer fabrikasindan alinan
1,25%30,5x30,5 cm ebatlarindaki cilali fayanslarin
ortalama oOlgiileri 1,29x30,44x30,42 cm olarak
Ol¢iilmiistiir. Fayans Oolgililerinde kalinlik degeri
+0,5 mm, en-boy degeri £1 mm tolerans goz
onlinde  bulunduruldugunda iretimin Kkaliteli
oldugunu sdylemek miimkiindiir. Ayrica, parlaklik
ve gonye referans araligina bakildiginda drneklerin
cilasiin iyi olmadigi ve gonyede sapmalar oldugu
gozlenmektedir.

Istatiksel Proses Kontroliine gére yapilan kalinlik,
en, boy, parlaklik ve gonye dlglimleri sonucunda
bazi 6rneklerin AKS ve UKS smrlar1 disinda
oldugu gdzlemlenmistir. Ozellikle son
orneklerdeki sapmalar kabul edilebilir ortalama
degerler icerisinde degildir. Standart sapma
grafikleri goz Oniinde bulundurularak Ornekler
kabul edilebilir. Bu sapmalarin birgok nedeni
olabilir.

Genel olarak mermer fayans olgiileri tolere
edilebilir olsa bile bu sapmalarin nedenleri
arastirtlmali ve miisteri memnuniyetinin
maksimum diizeye c¢ikarilmas: hedeflenmektedir.
Bu hedefe ulagmak igin oncelikli olarak kesim
hatti ve Kontrol grafigi silim hatti gdzden
gecirilerek gerekli ayarlamalar yapilarak bakim
caligmalarina  Oncelik  verilmelidir. ~ Ayrica
makinadan sorumlu personelin istenilen {iriin
kalitesini belirleyebilmesi i¢in seleksiyon ayrimu,
iiriin yiizey piiriizliiliigii, kenar-pah kontrolii gibi
kaliteyi etkileyen faktorleri titizlikle yapmasi
gerekmektedir. Sorumlu personel bu ayrimlar
yapamadigl takdirde belirli bir siire kalifiye
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personel tarafindan fayans iiretim hattinda kaliteyi
etkileyen faktorler yerinde gosterilerek
Ogretilmelidir.

Kalite ve kaliteli {iretim her zaman olmas1 gereken
ve her sektdrde Onemli olan bir kavramlardir.
Ozellikle mermer sektdriinde miisteri memnuniyeti
ve kaliteli {rlin satis1 6nemlidir. Bu yiizden,
mermer fabrikalarinda {iiretilen {riinler {izerinde
kalite kontrol ¢alismalarmin bilimsel yontemlerle
yapilmasinin 6nemi biyiiktiir.
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Ek 1. X, R ve S gizelgeler igin kontrol limitleri belirleme katsayilar1 [18]

A | Ay | A; | By | By | Bs | B | Dy | D | D; | Dy C d;
2.121 |1.880 [2.659 10.000 (3.267 [0.000 [2.606 0.000 [3.636 10.000 [3.267 [0.7979 |1.128
1.732 11.023 11.194 10.000 [2.568 10.000 [2.276 10.000 4.358 [0.000 [2.575 |0.8862 |1.693
1.500 10.729 1.628 10.000 {2.266 |0.000 [2.088 10.000 4.698 [0.000 |2.282 0.9213 [2.059
1.342 10.577 1.427 10.000 {2.089 |0.000 [1.964 10.000 4.918 [0.000 |2.115 0.9400 |2.326
1.225 10.483 [1.287 0.030 |1.970 10.029 [1.874 10.000 5.078 [0.000 |2.004 0.9515 |2.534
1.134 10,419 1.187 |0.118 |1.882 |0.113 [1.806 10.204 |5.204 10.076 |1.924 0.9594 2.704
1.061 10.373 1.099 10.185 |1.815 |0.179 [1.751 |0.388 |5.306 [0.136 |1.364 [0.9650 |2.847
1.000 10.337 1.032 10.239 |1.761 |0.232 [1.707 |0.547 |5.393 |0.184 |1.816 0.9693 [2.970
10{0.949 10.308 0.975 10.284 [1.716 |0.276 [1.669 |0.687 |5.469 [0.223 |1.777 0.9727 13.078
11{0.905 |0.285 0.927 10.321 [1.679 |0.313 [1.637 |0.811 [5.535 [0.256 |1.744 0.9754 13.173
12{0.866 0.266 0.886 10.354 [1.646 10.346 [1.610 |0.922 |5.594 10.283 |1.717 0.9776 [3.258
13[0.832 10.249 10.850 10.382 |1.618 |0.374 [1.585 |1.025 [5.647 [0.307 |1.693 0.9794 3.336
14{0.302 10.235 0.817 10.406 |1.594 10.399 [1.563 |1.118 |5.696 [0.328 |1.672 0.9810 |3.407
15[0.775 10.223 10.789 10.428 |1.572 10.421 [1.544 ]1.203 |5.741 [0.347 |1.653 0.9823 3.472
16[0.750 10.212 10.763 10.448 |1.552 10.440 [1.526 ]1.282 |5.782 [0.363 |1.637 0.9835 ]3.532
17(0.728 10.203 10.739 10.466 |1.534 |0.458 [1.511 |1.356 |5.820 [0.378 |1.622 0.9845 |3.588
18[0.707 10.194 0.718 [0.482 |1.518 |0.475 [1.496 |1.424 |5.856 [0.391 |1.608 0.9854 [3.640
19[0.688 |0.187 10.698 10.497 |1.503 |0.490 [1.483 |1.487 |5.891 [0.403 |1.597 0.9862 |3.689
2010.671 [0.130 10.680 [0.510 |1.490 0.504 ]1.470 [1.549 [5.921 [0.415 [1.585 [0.9869 [3.735
2110.655 [0.173 10.663 [0.523 |1.477 10.516 |1.459 [1.605 [5.951 [0.425 [1.575 [0.9876 [3.778
2210.640 0.167 10.647 [0.534 |1.466 0.528 |1.448 [1.659 [5.979 [0.434 [1.566 [0.9882 3.819
2310.626 0.162 10.633 [0.545 |1.455 0.539 |1.438 [1.710 [6.006 [0.443 [1.557 [0.9887 [3.858
2410.612 0.157 10.619 [0.555 |1.445 0.549 ]1.429 [1.759 |6.031 [0.451 [1.548 [0.9892 [3.895
2510.600 [0.153 10.606 [0.565 |1.435 0.559 |1.420 [1.806 [6.056 [0.459 [1.541 [0.9396 [3.931

e | de [ e |2
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Oz

Zeminleri iyilestirmek icin yaygin olarak kullanilan katkilarin yerine, dogaya zarar vermeyen alternatif
malzemelerin kullanilabilirligi arastirma konusu olmustur. Bu c¢alismada yaygin olarak kullanilan bu
katkilara bir alternatif olan Arabik Gam (AG) biyopolimerinin dogal kil zeminlerin iyilestirilmesinde
kullanilabilirligi arastirilmigtir. Dogal kil zemin ve AG biyopolimerinin ilave edildigi dogal kil zeminin
zamana bagli oturma davranisi incelenmistir. Bu baglamda, dogal kil zemin numunesine agirlik¢a %1,
%2, ve %3 olarak 1slak karigim yapilarak 1, 7, 14 ve 21 giinliik kiir siireleri i¢in konsolidasyon deneyi
gerceklestirilmistir. Konsolidasyon deneyi sonucunda, dogal kil zeminin ve dogal kil zemine AG
biyopolimeri ilave edilerek hazirlanan numunelerin konsolidasyon deney verileri karsilagtirtlmistir. Bu
calisma ile AG biyopolimerinin dogal kil zeminin oturma davranisini olumlu yonde etkiledigi sonucuna
vartlmistir. Ayrica AG’nin dogal bir malzeme olmasindan dolayir bu tiir zeminlerin miihendislik
ozelliklerinin ¢evreye zarar vermeden iyilestirilebilecegi de belirlenmistir.

Anahtar Kelimeler: Zemin iyilestirme, Arabik gam, Konsolidasyon, Biyopolimer
Evaluation of Consolidation Results of Arabic Gum Added Natural Clay Soil
Abstract

The availability of alternative materials that do not harm the nature, instead of the additives that are
widely used to improve soils, has been the subject of research. In this study, the usability of the
biopolymer (Arabic Gam-AG), which is an alternative to the commonly used additives of natural clay
soil, in soil improvement was investigated. Time dependent settlement behavior of natural clay soil with

*Sorumlu Yazar (Corresponding Author): Ufuk TUNC, ufuktunc@kayseri.edu.tr
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and without AG biopolymer was investigated. In this context, the consolidation test was carried out for 1,
7, 14 and 21 days curing periods by making wet mixture of 1%, 2%, and 3% by weight of the natural clay
soil sample. As a result of the consolidation test, the consolidation test data of the natural clay soil and the
samples prepared by adding AG biopolymer to the natural clay soil were compared. With this study, it
was concluded that AG biopolymer positively affects the settlement behavior of natural clay soil. In
addition, since AG is a natural material, it has been determined that the engineering properties of such
soils can be improved without causing any damage to the environment.

Keywords: Soil improvement, Arabic gam, Consolidation, Biopolymer

1. GIRIS

Gelisen diinyada artan niifus ile beraber canlilarin
ihtiyaglart icin olusturulan yapilar artmaktadir.
Miihendislik bakimindan yapilarin insa edilecegi
zeminlerde, yumusak ve gevsek durum olarak
ifade edilen zeminlerin tagima glici ve
deformasyon problemleri ile karsilagila
bilinmektedir. Genellikle gevsek durumda olan
kumlarin tagima giiciinii arttirmak ve sivilagma
potansiyelini azaltmak; yumusak zeminlerin tagima
giiciinii arttirmak ve oturmalart belirli bir yerde
sinirlandirmak i¢in zemin iyilestirme yontemlerine
bagvurulmaktadir [1].

Gilinlimiizde  zemin iyilestirme  geleneksel
yontemlerle yapilmaktadir fakat son zamanlarda
artan  ¢evre  duyarliigns = ve  silirdiirebilir
malzemelerin kullanilmasi zemin iyilestirmede
alternatif malzemelerin kullanimint miimkiin hale
getirmistir. Yapilarin oturacagi zeminler her zaman

istenilen mithendislik parametrelerini
saglayamayabilir. Miihendislik Ozellikleri
bakimindan yeterli olmayan zeminler igin

iyilestirmeye ihtiya¢ duyulmaktadir.

Genellikle zemin iyilestirme i¢in yaygin kullanilan
materyaller kireg, ucucu kiil, ¢imento seklindedir.
Bu ilave materyaller kullanildiginda bazi olumsuz
yanlar1 da vardir. Bu ilave materyallerin iiretim
asamasinda ve kullanimi sirasinda atmosfere
verilen karbondioksit (CO,) ¢evresel kirlilige yol
acmaktadir. Bu sebepten dolayr yaygin olarak
kullanilan katkilar yerine alternatif olabilecek
¢evreci malzemelere yonelinmektedir [2].

Literatiirde, zemin iyilestirmede biyopolimerinin

kullanilmas1  hakkinda bazi c¢aligmalara yer
verilmigtir.
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Lee ve arkadaglart (2019), Sri Lanka’da yol
ingaatinda kullanilan yol stabilizasyon malzemesi
icin baglayict olarak Xanthan Gum biyopolimeri
kullanilarak diger zemin iyilestirmede kullanilan
malzemeler ile karsilagtirilmasini yapmuglardir.
1%, 1,5% ve 2% olarak karistirilan biyopolimerin
3 ve 28 gilinlik dayanimlarina bakilmistir. 28
giinliik karisim igin serbest basing dayanimi 0,21
Mpa’ dan 4,9 Mpa’ a artig gosterdigi sonucunu
elde etmiglerdir. Ayrica arastirmacilar cevresel
etkisi acisindan  ¢esitli zemin iyilestirme
yontemlerine gore biyopolimerin daha diisiik
karbondioksit yaydigindan siirdiiriilebilir ¢evre
dostu malzeme oldugu icin, biyopolimerlerin
kullanilmasinin =~ uygun  olabilecegini  ifade
etmislerdir [3].

Cabalar ve arkadaglar1 (2018), biyopolimerli diisiik
plastisiteli killerin geoteknik 6zellikleri hakkinda

yaptiklar1 ¢aligmada yiiksek gerilme
mukavemetine sahip zararsiz mikrobiyal olarak
indiiklenmis ~ Xantham  Gum  biyopolimeri

kullanmislardir. Kil zemine agirlik¢a %0, %0,5,
%1,0, %1,5, %2,0 ve %3,0 karistirilarak farkli kiir
stirelerinde (0, 7, 28 ve 56 giin) biyopolimerin kil
zemin lizerinde etkisini belirlemek igin serbest
basing deneyi, laboratuvar veyn deneyi, diisen
koni, 6dometre, permeabilite, sisme ve biliziilme
testleri gerceklestirmiglerdir. Test sonuglarina gore
kil numunelerin mukavemeti biyopolimer orani ve
kiirlenme siiresi arttikga siirekli arttigi sonucuna
varmiglardir.  Biyopolimer ile iyilestirilmis
numunelerin kil numuneye gdre permeabilitesinin
daha diisiik oldugu, sikisma indeksinin ve sisme
yiizdesinin daha yiiksek oldugu sonucunu elde
etmiglerdir. Biyopolimerlerin zemin iyilestirmede
alt temel, dolgu ve derin karigtirma i¢in uygun
olabilecegini ifade etmislerdir [4].

C. U. Miih. Fak. Dergisi, 37(3), Evlil 2022
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Ayeldeen ve arkadaglar1 (2017), iki biyopolimer
kullanarak gocebilen zeminin mekanik
davraniginin iyilestirilmesine yonelik bir ¢alisma
yapmuglardir. Arastirmada numunelerin ii¢ ana
ozelligi  (kompaksiyon karakterleri, oturma
potansiyelleri ve kayma gerilmeleri) farkli
biopolimer oranlarinda ve iki farkli kiir siiresinde
(karistirdiktan hemen sonra ve bir hafta sonra)
incelenmistir. %2 oraninda biyopolimer, 1slak
karisgim  yontemi ile zemine karistirildiginda
zeminlerde kayma yenilmesi potansiyelinin %9
dan  %l’e  distigini  godzlemlemislerdir.
Biyopolimerlerin, 1slak karisim yontemi ile
hazirlanan numunelerin kuru karigim ile hazirlanan
numunelere oranla numunenin oturma kapasitesini
2 ila 3 kat daha fazla azalttig1 goriilmiistiir. Her iki
durumda da oturma miktarinin gozle goriilir
oranda azaldigmi ifade etmiglerdir. Yapilan
deneyler sonucunda Guar gam biyopolimeri zemin
kohezyonunu arttirmada ve oturma potansiyelini
azaltmada, Xanthan gam biyopolimerinden %20
daha etkili oldugunu ifade etmiglerdir [5].

Kahiyah (2020), ¢alismasinda farkli karisim
oranlarina sahip dort cesit biyopolimeri (Agar
Gam, Arabik gam, Guar Gam ve Xanthan Gam),
Adana ilinden belirli 6zelliklere sahip killi zemin
numunesine (%1, %2 ve %3) her biyopolimer i¢in
ayr1i ayr1 karigtirarak, biyopolimer katkili ve
katkisiz killi zeminin geoteknik o6zelliklerini
aragtirmistir.  Serbest basing mukavemeti igin
hazirlanan numuneleri, kiir siiresinin biyopolimer
katk1 maddeleri iizerindeki etkisini belirlemek i¢in
(1, 7, 14 ve 21) giin siireyle kiir uygulamistir.
Biyopolimerlerin, maksimum basing dayanimi elde
edilen karigim oranlari; Agar Gam i¢in %2, Arabik
gam icin %3, Guar Gam i¢in %1 ve Xanthan Gam
icin %2 belirlemistir. Bu arastirmada kullanilan
biyopolimerlerin, killi zeminin miihendislik
ozelliklerini 6nemli Slgiide iyilestirdigini ve ¢evre
dostu malzeme oldugunu ifade etmistir [6].

Bu c¢alisma  kapsaminda,  Arabik = Gam
biyopolimerinin alternatif bir malzeme olarak
geleneksel katkilarin yerine kullanilabilirliginin
arastirtlmas1 planlanmistir. Dogal kil zeminine
farkli oranlarda ilave edilen Arabik Gam
biyopolimerinin, kilin zamana bagli oturma
davranigini nasil etkiledigi arastirilmistir.

C. U. Miih. Fak. Dergisi, 37(3), Eyliil 2022

2. MATERYAL VE METOT
2.1. Materyal

Caligmada kullanilan kil zemin numunesi Adana
sinirlart igerisinden elde edilmistir. Dane dagilim
egrisine Sekil 1’°de yer verilmistir. Dogal kil zemin
olarak kaolin kil zemin numunesi kullanilmistir.
Endeks ozellikleri TS 1900-1 standartina uygun
olarak birim hacim agirligi 27 kN/m’, maksimum
kuru birim hacim agirlik 17,40 kN/m’ ve optimum
su icerigi %18,10 olarak belirlenmistir. Dogal kil
zemin numunesine ait likit limit %42, plastik limit
%24 olarak belirlenmistir. Birlestirilmis zemin
smiflandirma  sistemine (USCS) gore diisiik
plastisiteli kil (CL) olarak belirlenmistir. Dogal kil
zemin numunesine ait kimyasal igerigi ise Cizelge
1’de yer verilmistir. Akasya zamki olarak bilinen
ayrica arap zamki olarak da adlandirilan Arabik
gam toz hali bu ¢alismada baglayici biyopolimer
olarak  kullanilmistir.  Polimer, ¢ok biiyik
molekiillerden olusan ve monomer ad1 verilen daha
basit kimyasal birimlerin birlesmesi ile olan
makromolekiiller olarak adlandirilan dogal veya
sentetik maddeler olarak ifade edilmektedir.
Polimerler, 6rnegin proteinler, seliiloz ve niikleik
asitler dahil olmak {izere canli organizmalardaki
birgok materyali olusturmaktadir. Ayrica elmas,
kuvars ve feldspat gibi minerallerin ve beton, cam,

kagit, plastik ve kauguk gibi insan yapimi
malzemelerin temelini olustururlar.
100 B S dheime i qan
’/.,
33 80
c .
% 60 pe ot
0
c 40
g
5,
o 20
0
0,001 0,010 0,10 1,000 10,00
Dane boyutu, mm
Sekil 1. Dane cap1 dagilim egrisi [6]
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Cizelge 1. Dogal kil zemin kimyasal icerigi [6]

icerik (%) icerik (%)
MgO 6,1 MnO 3,1
ALO; 18,4 Fe,0; 8,7
SiO, 50,6 Na,O 2,5
P,O; 0,65 TiO, 1,65
K,O 3,1 SO, -

CaO 3.2 LL 3,15

Polimerlerin ¢ogu karbon bilesiklerinden meydana
geldiginden organik madde olarak kabul edilirler.

Polimerler, sagliktan savunma sanayiye, uzay
teknolojilerinden tekstil endiistrisine her alanda
genis bir kullanim alanina sahiptirler. Bir diger
polimer sinifi ise canlilar (bitki ve hayvanlar)
tarafindan olusturulan biyopolimerlerdir [7].

Afrika’dan baslayip Hint yarimadasina kadar
degisen bolgede yetisen akasya tliriinden elde
edilen Arabik gam parcalart suda ¢oziinme
Ozelligine sahiptir. Akasya zamki bitkilerden
kiiciik kiitleler halinde hasat1i yapilmaktadir.
Igerisinde yer alan yabanci maddeler ayristirilir ve
kurutulurak ogiitiiliir hazir hale getirilir. Arabik
gam adini, bu dogal malzemeyi Avrupa'ya
ticaretini yapan Arap tiiccarlardan almustir.
Stabilize saglayici, koyulastirict ve baglayict
Ozellikleri nedeniyle, gida sektoriinde tercih
edilmektedir. Muhteva olarak igeriginde yer alan
mineraller Ca, Na, K, P ve Pb, Co, Cu, Zn, Ni, Cd,
Cr ve Mn’dir [8].

Bu c¢aligmada tercih edilen  biyopolimer
malzemenin, toz hali Sekil 2’de graniil hali
Sekil 3’te ve kimyasal ve fiziksel ozellikleri ise
Cizelge 2’de sunulmustur.

(Arabik Gam) toz

zamki
biyopolimer

Sekil 2. Akasya
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Sekil 3. Akasya zamki (Arabik Gam) biyopolimer
graniil hali [Anonim]

Cizelge 2. Akasya zamki (Arabik gam) kimyasal
ve fiziksel dzellikler [9]

Ozellikler Veriler
pH 4,7
Renk Sarimsi1 beyaz toz
Nem %9.,4
Toplam kiil %3,3
Toplam agir metal <5 ppm
Kursun <1 ppm
Arsenik <3 ppm
Civa <1 ppm
Katminyum <1 ppm
2.2. Metot

Dogal kil zemin ile gergeklestirilen calismada
zamana bagli oturma davranigini incelemek igin
optimum su igeriginde hazirlanan karigimlarin
konsolidasyon  deneyleri  gerceklestirilmistir.
Ayrica dogal kil zemin numunesine %1, %2 ve %3
AG biyopolimeri ilave edilerek 1, 7, 14 ve 21
giinliik kiir stirelerinde zamana bagli oturma
davraniglarint  incelemek icin  konsolidasyon
deneyleri gergeklestirilmistir. Kil zemin standart
proktor deneyi sonucunda elde edilen optimum su
igerikleri ve %1, %2 ve %3 AG biyopolimeri ilave
edilerek optimum su muhtevalari, Kahiyah (2020)
tarafindan yapilan ¢alismadan alinmigtir. Deneysel
calismalar  Cukurova  Universitesi  Insaat
Miihendisligi Zemin Mekanigi laboratuvarinda
gerceklestirilmigtir [10].

C.U. Miih. Fak. Dergisi, 37(3), Eyliil 2022
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2.2.1. Islak Karisim Yontemi ile Biyopolimerin
Aktiflestirilmesi

AG biyopolimeri dogal kil zemin numunesine
agirlikca %1, %2 ve %3 karistirilmadan Once,
agirlikga belirlenen biyopolimerler 1slak karisim
yontemi ile sabit devirli karistirict yardim ile
karigtirilmastir.

2.2.2. Konsolidasyon (Odometre) Deney
Numunelerinin Hazirlanmasi

Belirli ylik altinda, zamana baglh oturma

davranigini incelemek i¢in dogal kil zemin

numunesinde konsolidasyon ring hiicresi igerisinde
yapay Orselenmemis numuneler TS 1900-2
standartina uygun olarak hazirlanmistir.

Calismada kullanilacak olan malzemeler Sekil 4°te
yer verilmistir. Konsolidasyon testine tabii
tutulacak dogal kil zemin numunesi ve dogal kil
zemin numunesine agirlik¢a 1slak karisim yontemi
ile optimum su igeriginde %1, %2 ve %3 AG
eklenerek olusturulan karigimlar kullanilmistir.
Konsolidasyon hiicresine yerlestirilecek ring
numune boyutlar;; numune yiiksekligi 19 mm ve
genisligi 50 mm seklindedir.

Sekil 4. -Izgn-.s.olidasyon deney numunelerini
hazirlamak igin kullanilan malzemeler

Konsolidasyon deneyinde testi gergeklestirilecek

numuneler, standart proktor kabinda optimum su

muhtevasinda sikistirilarak hazirlanmustir.
Sikistirilmis dogal kil zemin numunesi ve AG ile

C.U. Miih. Fak. Dergisi, 37(3), Evliil 2022

iyilestirilen dogal kil zemin numuneleri i¢erisinden
ring ¢ap1 ile ayni boyutta tiip, hidrolik bir kriko
yardimi ile olusturulan zemin igerisinden
gegirilerek numune alinmistir (Sekil 5).

2.2.3. Kiirleme islemi

Tiip icerisine alinan sikistirilmig karigimdan ring
boyutlarinda uygun yerlerden kesimler yapilarak
ring igerisine alimmuistir. Ring igerisine yerlestirilen
AG karisimli numuneler 1, 7, 14 ve 21 giiniin
sonundaki konsolidasyon testine tabii tutulmak
icin uygun kiir kosullarinda bir film ile kaplanarak
sabit nem ve sicaklikta bekletilmigtir.

2.2.4. Konsolidasyon (Odometre) Deneyi

Konsolidasyon deneyi yanal sekil degistirmesi
kisitlanmis olan, suya doygun, orselenmemis veya
sikigtirllan  zemin numunesinin  alt ve st
ylizeyinden drenaj saglanarak, diisey ve eksenel bir
basing altinda sikigma miktar1 ve hizinin 6lgimii
ile ilgilidir. Konsolidasyon deney sistemi
Sekil 5’te gosterilmistir. Bu deney TS 1900-2
standardina uygun olarak gergeklestirilmistir.
Gergeklestirilen konsolidasyon deneyinde yiikleme
100, 200, 400 ve 800 kPa olacak sekilde; yiikiin
bosaltilmasi ise etkiyen son yiikleme basincinin
dortte biri 200 kPa olacak sekilde uygulanmistir.
Konsolidasyon deneyinin verileri ile oturma-

zaman egrileri ve bosluk orani- logaritmik eksende
yiik egrileri elde edilmistir.

Sekil 5. oholidasyon deney sistemleri
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Hesaplamalarda kullanilacak olan deney sonu
muhtevast  i¢in, konsolidasyon  deneyinden
cikarilan ring igerisinde yer alan numune
tartildiktan sonra 24 saat etiivde bekletilerek deney
sonu su muhtevasi belirlenmistir. Terzaghi (1923)
bir boyutlu konsolidasyon teorisinde yapilan
kabuller ile (esitlik 1, 2 ve 3) bazi hesaplamalar
yapilmistir. Deney sonu su muhtevasi kullanilarak
deney sonu bosluk orani hesaplanmigstir (Esitlik 1).

eSOn: WSOHGS (1)

Herhangi iki durum arasinda; bosluk orani ve
bosluk orani farki ile yiikseklik ve yiikseklik farki
arasinda iliski Esitlik 2°de yer verilmistir.

Ae AH
== )
1+e H

Yukarida yer alan bagmti ile deney sonu bosluk
oranina bagli herhangi bir adimin sonundaki
bosluk oran1 bulunabilir (Esitlik 3).

_l+e,,
H

son

Ae AH 2

Hesaplamalar sondan basa dogru yapilarak, her bir
adim icin bosluk orami farki kullanilarak bosluk
oranlari belirlenmistir [11-15].

3. BULGULAR VE TARTISMA

31. AG  ile lyilestirilen
Konsolidasyon Deney Sonuglari

Zeminlerin

Bu boéliimde dogal kil zemin ve dogal kil zemine
AG ilave  edilerek iyilestirilen = zemin
numunelerinden elde edilen Orneklerle yapilan
konsolidasyon deney sonuglarina yer verilmistir.
Kiir siiresine gore bosluk oranit degisimleri ve
zamana bagli oturma davranislar farkli grafiklerde
gosterilmistir. Dogal kil zemine agirlikga %1, %2
ve %3 AG eklenerek hazirlanan numuneler 1, 7, 14
ve 21 glnlik siirelerle kiir edilmis ve
konsolidasyon deneylerinin sonuglarinin
kargilagtirilmasi Sekil 6-13’te gosterilmistir.
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Sekil 6. 1 giinliik siiresi sonunda konsolidasyon
oturma degerlerinin karsilastiriimasi
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Sekil 7. 1 giinliik siiresi sonunda e-logP egrilerinin
karsilastirilmasi
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Sekil 8. 7 giinliikk siiresi sonunda konsolidasyon
oturma degerlerinin karsilastiriimasi
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Sekil 9. 7 giinliik siiresi sonunda e-logP egrilerinin

karsilastirilmasi
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Sekil 10. 14 giinliik siiresi sonunda konsolidasyon
oturma degerlerinin karsilastirilmasi
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Sekil 11. 14  giinliikk siiresi sonunda
egrilerinin karsilagtirilmasi
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Sekil 12. 21 giinliik siiresi sonunda konsolidasyon
oturma degerlerinin karsilastiriimasi
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Sekil 13. 21 giinliik siiresi sonunda
egrilerinin karsilastiriimasi

e-logP

Dogal kil zemin numunesine AG ilave edilerek
iyilestirilen ~ numunelerin 1  ginlik  kiir
stirelerindeki zamana bagli oturma davranist
incelendiginde %1 ve %2 AG karisimda 1,22 mm
ayni boy degisimi davranisi gosterirken %3 AG
karisimda, 1,14 mm numune boy degisimi
gostererek 1 giinliik deney sonuglar1 arasinda en
iyi sonucu vermistir. Dogal kil zemin numunesine
AG ilave edilerek iyilestirilen numunelerin 7
giinliik kiir siirelerindeki zamana bagli oturma
davranisi incelendiginde %1 AG, karisimda 1,21
mm numune boy degisimi gostermistir. %2 AG
karisimda, 1,16 mm numune boy degisimi
davranis1 gosterirken %3 AG karisimda, 1,13 mm
numune boy degisimi gostererek 7 gilinliikk deney
sonuclar1 arasinda en iyi sonucu vermistir. Dogal
kil zemin numunesine AG ilave edilerek
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iyilestirilen = numunelerin 14  gilinliik  kiir
stirelerindeki zamana bagli oturma davranisi
incelendiginde %1 AG karisimda, 1,20 mm
numune boy degisimi gostermistir. %2 AG
karisimda, 1,14 mm numune boy degisimi
davranig1 gosterirken %3 AG karigimda, 1,04 mm
numune boy degisimi gostererek 14 giinliik deney
sonuglar1 arasinda en iyi sonucu vermistir. Dogal
kil zemin numunesine AG ilave edilerek
iyilestirilen — numunelerin 21  giinliik  kiir
stirelerindeki zamana bagli oturma davranist
incelendiginde %1 AG karisimda, 1,19 mm
numune boy degisimi gostermistir. %2 AG
karisimda, 1,10 mm numune boy degisimi
davranig1 gosterirken %3 AG karisimda, 1,04 mm
numune boy degisimi gostererek 21 giinliik deney
sonuglari arasinda en iyi sonucu vermistir. Zamana
baglt oturma davraniglart incelendiginde 1 giinliik
kiir siiresinde, AG ilave edilmeyen numuneye
gore; %1 ve %2 AG ilave edilen numuneden %4,5,
%3 AG ilave edilen numunede %10,5 daha az
oturma gostermistir. 7 giinlik kiir sliresinde, AG
ilave edilmeyen numuneye gore; %1 ilave edilen
numuneden %5.,2, %2 AG ilave edilen numuneden
%38.,3, %3 AG ilave edilen numunede %12,8 daha
az oturma gostermistir. 14 giinliik kiir stiresinde,
AG ilave edilmeyen numuneye gore; %]l ilave
edilen numuneden %6, %2 AG ilave edilen
numuneden %9,8, %3 AG ilave edilen numunede
%16,5 daha az oturma gostermistir. 21 giinliik kiir
siresinde, AG ilave edilmeyen numuneye gore;
%1 ilave edilen numuneden %5,3, %2 AG ilave
edilen numuneden %11,3, %3 AG ilave edilen
numunede %16,5 daha az oturma gostermistir. En
fazla numune boy degisimi AG ilave edilmeyen
numuneden elde edilirken; en az boy degisimi ise
%3 AG karisimli numuneden elde edilmistir.

4. SONUCLAR

Bu calisma kapsaminda, dogal kil zeminlerle
Arabik Gam (AG) biyopolimerinin  belirli
oranlarda karigimi ile olusturulan numunelerin,
zamana bagli oturma davranmisi izerindeki
etkilerini arastirmak iizere bir seri deney
yaptlmistir.  Elde edilen sonuglar asagida
Ozetlenmistir. Dogal kil zemin i¢in konsolidasyon
deney sonucu ile, akasya zamki ile iyilestirilen
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numunelerin  sonuglar1  karsilastirildiginda; AG
biyopolimerinin dogal kil zemin numunesinin
oturma davranmigin etkiledigini, AG igerigi ve kiir
stiresi arttik¢a konsolidasyon oturmalarinda azalma
meydana geldigi gézlemlenmistir. Dogal kil zemin
biyopolimer karigimlarinda gerceklestirilen
konsolidasyon deneyi sonucunda en az oturma %3
AG karisgimli, 14 ve 21 giinliik kiir siirelerindeki
numunelerden elde edilmistir. Konsolidasyon
deneyi sonucunda AG iyilestirilen dogal kil
zeminin, normal dogal kil zeminin zamana bagli
oturma degerine gore %16,5 daha az oturmanin
gergeklestigi  gozlemlenmigtir. Killi  zeminleri
stabilize etmek i¢in kullanilan diger Kkatki
malzemelerine gore AG ilave edilen zeminler daha
cevresel yoni ile ekolojik dengeye zarar
vermeyecegi  disiiniilmektedir.  Dolgulardaki
ozellikle yol dolgularindaki oturmaya yonelik
performans artis1 igin ¢ok daha maliyetli ve petrol
tiirevi olan katkilar giinlimiizde zemin iyilestirme
uygulamalarinda kullanilmaktadir ancak segilen
yontem ve {iiriin dogaya doniisiimii uzun vadede
olan bu iiriinlere bir alternatiftir.
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Abstract

The responses of the structures used in engineering applications under the effects of static and dynamic
forces are significant in the design phase. Determination of the response of dynamic forces for a structure
is initially performed by the evaluation of free vibration characteristics that are mode shape of the
structure and vibration frequencies. This paper presents modal analyses of tapered aircraft wing structures
that consist of NACA4415 design and different common materials used in the aviation industry.
Furthermore, the effect of winglets on natural frequencies is examined. The main wing structures as ribs
and shells are drawn using CATIA and imported to ANSYS Workbench. Analyses have been carried out
considering the aircraft wing as a three-dimensional cantilever beam by fixing one end (root chord) of the
aircraft wing while the other end (tip chord) is free. The first ten modes of free vibration with their
respective natural frequencies and mode shapes of the wing structures of the aircrafts are obtained. The
results show that the winglets decrease the natural frequency noticeably and the shell material as Carbon
Epoxy UD has been observed to have higher natural frequency compared with Kevlar Epoxy.

Keywords: Free vibration, Natural frequency, Modal analysis, Aircraft wing, Mode shapes

Sonlu Elemanlar Yontemi ile Kompozit Konik Ucak Kanadinin Serbest Titresim
Analizi

Oz

Miihendislik uygulamalarinda kullanilan yapilarin statik ve dinamik kuvvetlerin etkisi altindaki tepkileri,
yapilarin tasarim asamasinda onemlidir. Bir yapr igin dinamik kuvvetlerin tepkisinin belirlenmesi,
oncelikle yapinin mod sekli ve titresim frekanslart olan serbest titresim 6zelliklerinin degerlendirilmesiyle
gerceklestirilir. Bu makale, havacilik endiistrisinde kullanilan NACA4415 tasarimi ve farkli yaygin
malzemelerden olusan konik ugak kanat yapilarimin modal analizlerini sunmaktadir. Ayrica kivrik

%
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kanatgik eklemlerinin (winglets) dogal frekanslar iizerindeki etkisi incelenmistir. Ana kanat yapilar1 olan
nervir (rib) ve kabuk (shell) yapilart CATIA kullanilarak olusturulmustur ve ANSYS Workbench'e
aktarilmigtir. Analizler, ugak kanadinin bir ucu (kok kiris) serbestken diger ucu (ug kirisi) sabitlenerek ii¢
boyutlu bir konsol kiris olarak diisliniilerek yapilmistir. Ugak kanat yapilarinin ilk on dogal frekanslar1 ve
ilgili mod sekilleri elde edilmistir. Sonuglar; kanat uglarina kivrik kanat¢ik eklenmesinin dogal frekanslart
oldukca disiirdiigiinii ve kabuk malzemesi olarak Karbon Epoksi EY kullanmanm, Kevlar Epoksi
kullanimina gore daha yiiksek dogal frekanslar olusturdugunu gostermistir.

Anahtar Kelimeler: Serbest titresim, Dogal frekans, Modal analiz, Ucak kanadi, Mod sekilleri

1. INTRODUCTION

The wing of an aircraft has a great influence on the
aerodynamic performance of a structure of
airplane. Stabilization of an aircraft consists of
many aspects such as vibration controls in an
airplane wing since dangerous vibrations in
different modes such as torsion or stretching may
occur. Therefore, it is supreme that the structure of
an aircraft wing is designed to avoid the failure.

Modal analysis assists in the determination of the
vibration characteristics of mechanical structures.
The mechanical analysis of vibration plays a
significant role in potential mathematical tools for
modeling and problems which may be eliminated
in preliminary engineering designs before
manufacturing of the systems [1]. Besides
vibrational characteristics of a mechanical system
consists natural frequencies and mode shapes, the
behavior of different parts of the mechanical
structure under the conditions of dynamic load
may be observed [2]. Furthermore, a description of
a mechanical structure is carried out by modal
analysis in terms of vibration characteristics which
are natural frequency and mode shapes [3].

Modal analysis ensures to determine the reasons
for vibrations that may cause damage to the
aircraft system and is used in the reduction of the
issues. Hence, free vibration analysis of an aircraft
wing becomes a compelling problem to be handled
during design process. In examination of gust
responses, the fundamental aspect is considered to
investigate the natural frequencies and modes. The
wings of an airplane structure generally consist of
non-uniform structures that has swept and tapered
design. Non-uniform structure properties of an
aircraft wing require advanced modeling due to the
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effects of complex properties. Thus, free vibration
analysis on airplane wing has attracted many
scientific research areas to be investigated by.

In the last years, applications of aerospace have
increased due to developments in the industry. A
new design and developing the existing structural
design of an aircraft requires knowledge and
technical background. Therefore, much research
may be found in the literature that focuses on the
wing structure due to being complex assemblies of
an aircraft. Erdener and Yaman performed
research that aims to have development of an
aircraft wing’s structural model [4]. A finite
element model of a wing was created, and dynamic
analyses were performed on the finite element
model that concluded the comparison of natural
frequencies and mode shapes of the wing with
effects on the structure. The aviation industry has
taken great development in recent years by
attempts to decrease the costs and increasing the
efficiency by different research and comparison of
proper material selection and lightweight materials
were the key such as composites. Composites has
many advantages compared to metals and other
materials. The main composite materials used in
the aircraft industry are reinforced fibers or
particles provided by resin matrix [5]. The current
presentation of the general wing structure was
designed and analyzed by Yang et al. [6]. The
study initiates with the sketch of the wing structure
and analyses were carried out by using a numerical
tool. Later, the aircraft wing optimization was
carried out by altered types of material properties
and boundary states. Furthermore, the modal
analysis was performed for natural frequencies to
investigate the vibration characteristics of the
wing. The identification of the work was
performed by vibration characteristics to
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investigate an airplane wing. Complex design
parameters and hard fabrication restricts
experimental projects on aircraft wings. In addition
to this, lack of resources for manufacturing results
analysis of aircraft wings that are considered as
cantilever beams for experimental projects of
modal analysis. The investigation of the modal
analysis of an aircraft wing was carried out by
Khadse and Zaweri [7]. Modeling of the wing
structure was handled in ANSYS software and
modal analysis was performed by adding a fixed
end while the other end was free. Then, the
investigation of natural frequency and modes of
vibration-assisted comparison for numerical results
and analytical frequency of cantilever beam.
According to Sureka and Meher [8], the effect of
different types of materials for the structure of
wings such as ribs, winglets, and shells was
investigated. Modeling of a NACA airfoil with
ribs was used by using different types of materials
and the preference was concluded by aluminum.
Banerjee [9] discussed in his research about
dynamic behaviors of aircraft wings. Modal
analysis of a transport aircraft was investigated and
the significance of a deep approach for high aspect
ratio wings was indicated by performing modal
analysis. The cantilever beam theory was applied
on the wing structure by boundary conditions and
different mathematical approaches for the wing
structure were initially obtained due to the
necessity for natural frequencies of the wing.
Then, Banerjee concluded the research by
discussion and results of the project. Kuntoji and
Kuppast [10] presented a study to emphasize the
significance of vibration characteristic analysis of
an aircraft wing due to being the major focus of a
design of an aircraft. A design of an aircraft using
NACA standards was discussed, and the modal
analysis of the wing was observed in terms of
natural frequency for the characteristics of
vibration. Due to the principle of aerodynamics,
stresses and deformations of a wing affect the
structure based on behaviors of vibration
characteristics. Hence, understanding the effects of
stress on natural frequency had been performed by
modal analysis. Saran et al. [11] presented a study
for the development of wing structures. Modal
analyses were performed for an aircraft wing and
natural frequencies were used to avoid resonance
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on the material for preventing failure. The analysis
of natural frequency was obtained by using
ANSYS software for calculation resonance which
is accurate if it is equal to or more than natural
frequency. Therefore, the importance of wing
structure was emphasized and simulation boundary
conditions with cantilever beam consideration of
the wing used in analyses in the research. As stated
by Giinay and Ozbay [12], a wing of an aircraft is
the responsible component for lift generation. A
wing overcomes the weight lift due to the gravity
with the lift force that it produces and keeps the
aircraft in the air. Therefore, lifting force is created
by the aerodynamic profile of the wing. In their
research, static analysis performance was handled
to determine stress components by applications of
load and modal analysis of the wing was
performed for the determination of natural
frequencies on the wings and oriented
deformations owing to the frequencies.
Furthermore, a study on an airplane wing based on
the concept of a consideration as a cantilever beam
was performed by Demirtag and Bayraktar [13].

The finite element method has been used to find
approximate results of boundary value problems
and is one of the most common computational
techniques for the wide variety of problems in
different engineering areas such as mechanical and
aerospace [14,15], structural [16,17], geological
[18], civil engineering [19,20] and so on.

As the seen from the literature, the previous
studies the related to free vibration of airplane
wings have simplified the wing model due to some
restrictions as the computational burden of the
analysis, complexity of the real-life wing geometry
and the complex analytical and/or numerical
mathematical manipulations. In this work, a life-
size wing of an airplane is properly modeled with
inside and outside structures. The wing as well as
the inside ribs are tapered through the thickness
and NACA 4415 profile is used to construct the
airfoil. Also, the different winglet designs are
considered. The natural frequencies and mode
shapes related to the wing structure have been
obtained using finite element software package and
the effects of different materials and winglet
designs on the free vibration of wing are discussed.
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The results may be used to benchmark the other
studies and future works in this field is the main
aim.

2. DESIGN OF WING

Determination of wing profile which depends on
the type and parameters has an incontrovertible
effect on the execution of aircraft production.
Therefore, the most crucial part of an aircraft is the
wing structure. The aircraft wing has modeled
using CATIA and ANSYS Design Modeler where
the airfoil coordinates are imported from NACA
profile. The model of the wing is a tapered model
wing and has inner structures as ribs.

In this work, NACA 4415 profile is selected.
Here, maximum camber is expressed as the
chord’s percentage in the first digit. Second digit
denotes the position of maximum camber
according to the chord and the last two digits
represent the thickness of the selection of airfoil.
Therefore, the selected airfoil type which has a
maximum thickness of 15% at 30.9% chord and
maximum camber 4% at 40.2% chord depicted in
Figure 1.

Figure 1. The plot of a NACA 4415 foil

The wing-type used for the research purposes has
been inspired by the wing of a one of commercial
aircrafts. On the other hand, some parameters are
altered for research purposes. The altered
dimensions of the aircraft wing used are given in
Table 1.

Table 1. Wing design parameters

Parameters Dimension (m)
Wingspan 7.0

Root length 0.713
Tip length 0.432
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The research focuses on modal analyses and
comparison of the results for 3 different types of
wing design that are divided into four sections.
The material selection and dimensions of the
wings for each case have remained the same while
cases differ in three different types of wings
(without winglet, single winglet, and double
winglet). The thicknesses of wing structures are
taken as 3, 4 and 5 mm for winglet, rib, and shell,
respectively.

Importation of data into ANSYS Workbench [21]
is followed by the data and dimensions of the
coordinates of the airfoil curvation and generation.
The isometric view of the wing is shown in
Figure 2.

Figure 2. Aircraft wing CAD model in ANSYS
Workbench

Aircraft wing material selection for the research
has been carried out by extensive investigation of
common materials in aviation sector. For research
purposes, Kevlar-Epoxy and Carbon-Epoxy
composite (Epoxy Carbon UD 395 GPa) from the
software library of ANSYS Workbench are used
for shell structures. Besides, aluminum (Al) and
Titanium alloy are selected as winglet and rib
materials.

Accordingly, four different cases have been
assigned by altering the material type of the wing
structures. The material selection for the wings and
the properties of the materials are represented in
Table 2.
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Table 2. Material properties of the materials

Materials
Materi?l Epoxy Kevlar Alumi Titanium
properties | carbon UD num

(395 GPa) | POXY | (any | oY

E,; (GPa) 209 75.8 70 96

E, (GPa) 9.45 5.51 70 96
Vi 0.27 0.30 0.33 0.36
p(kg/m’) 1600 1330 | 2707 | 4620

The modal analyses have been performed for four
different categorized cases for three different wing
designs that are without winglet, single winglet,
and double winglet. Therefore, each case consists
of three different aircraft wings with altered
material properties and cases are numbered as
1,2,3, and 4. Each case and detailed representation
are shown in Table 3 where each case number
consists of the different wing designs of without
winglet, single winglet, and double winglet.

Table 3. The materials of the wing structures for

each case
Case Numbers
Wing Case 1 Case 2 Case 3 Case 4
structures
Epoxy Epoxy carbon
Shell | carbon UD Egjl’g UD (395 Eﬁ"‘l’l’g
(395 GPa) GPa)
Rib Ti Ti Al Al
Winglet Al Al Al Al

3. ANALYSIS OF THE WING

One of the basic concepts of finite-element (FE) is
a body structure of a system that may be divided
elements of finite dimension. The main idea of FE
method is defined by continuous quantities namely
temperature, pressure, or displacement. Hence, any
continuous quantity approximation may be
approached as a discrete model that is composed of
continuous set functions. In addition to this, the
functions in series approach the precise solution
[14].

The design of the aircraft wing consists of ribs,
upper-lower skins (shells), and winglets. The
internal and external structures of the wing had
been modeled by different element type selections.
In the modeling of the upper-lower skins and
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winglets, the Shell281 element was used. Shell281
is a highly recommended element type in the
designs of aircraft wings since it is suitable for
modeling of thin and axisymmetric structures [22].
This element type has translation and rotational
movements in the X, y, and z directions. Therefore,
the element has eight nodes with six degrees of
freedom (DOFs) at each node [23]. Furthermore,
rib structures are modeled by solid element
selection. The 3D element type was applied since
solid bodies and structures are provided by their
minimum simplifications depending on the
geometry. Selected Solid185 element type has
eight nodes having three degrees of freedom at
each node: translations in the nodal x, y, and z
directions with high strain and large deflection
capabilities [23].

The aircraft design includes in 2D (shell) and 3D
(solid) structures. Therefore, the interface between
structures which has different degrees of freedom
requires an additional step during analysis. The
translational DOFs were transferred (shared)
within 2 element types on the contact points and
rotations were not transferred across there though
since solid elements do not consist rotational DOF.
Hence, the shared nodes between solid and shell
structures were combined by the node merge. The
mesh parameters are shown in Table 4 while the
mesh models of the wings are shown in Figure 3
and Figure 4. As the example of number of node
and element generated in the study, the maximum
values of node and element number obtained in
Case 1 double winglet analysis are given here as
128206 and 47240, respectively.

Table 4. A sample of mesh details of the wing
model for Case 1 double winglet
Mesh Parameters and Mesh Methods

Span angle center Fine
Shell mesh Face + Tetra meshing
Rib mesh Hexa meshing
Winglet mesh Tetra meshing
Mesh size 25 mm
Smoothing Fine

Number of nodes — 128296
Number of elements — 47240
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Figure 3. Generated mesh of single-winglet wing design

Qs 150

Due to the lack of manufacturing resources and
cost of high fabrication of an aircraft wing,
validation of modal analysis for a wing is
compelling. Therefore, consideration of an aircraft
wing has been common in literature since the
chord at the root is fixed into the fuselage within
the assistance of spars while the tip chord is free.
In this study, the wing models are set up at the
conditions of the cantilever beam and the condition
has been based on an objective that the wing root
is attached to the fuselage body and therefore
results as fixed. The fixed support is applied to the
wing root face.
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Figure 4. Génerated mesh of double-winglet wing desg

4. RESULTS AND DISCUSSION

Modal analyses are performed and the number of
modes to be obtained has been set to 10 to observe
the ten-mode shapes of the given wing structures
under the cantilever beam condition. The total
deformation obtained in all modes of the aircraft
wing enabled us to reach the vibration behavior of
the wing structure. Based on the results and mode
shapes, bending modes and torsional modes are
observed and interpreted. The analyses have been
performed for structures without winglet, single
winglet, and double winglet. The first 10 natural
frequencies given in Table 5-8 and their respective
mode shapes are obtained for each case, however,
in order to prevent the redundancy, first three
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fundamental mode shapes for Case 1 are illustrated
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Table 6. Natural frequencies of the wing models

only. These mode shapes are depicted in Figure 5- for Case 2
7. The first three bending mode shapes are clearly Natural frequency (Hz)
seen from Figure 5 for the without winglet design. Mode Without Single Double
In the case of the winglet addition, the modes are winglet winglet winglet
again bending modes, however, the intensity of 1 3.3903 7.1669 4.137
vibration occurs at the winglets for both single and 2 20.966 22.44 16.821
double cases. This behavior becomes obvious 3 35.397 32.06 42.537
especially at the third mode shapes in Figure 6 and 4 84.963 62.16 70.492
7 and explains the big differences between the 5 106.29 112.57 131.01
natural frequency values of third mode of with and 6 155.43 144.54 163.04
without winglet cases given in Table 5. Note that 7 194.17 199.42 195.45
the same mode numbers for different wing-tips in 8 211.06 207.69 21291
Tables 5-8 may not indicate the same vibration 9 240.07 228.52 247.14
mode such as bending or torsion. In order to 10 272.39 251.5 295.22
discuss the variation of natural frequency values of
same vibration mode of same cases with the Table7. Natural frequencies of the wing models
different wing-tip design which is not the main for Case 3
focus of this study, the bending modes, torsional Natural frequency (Hz)
modes and coupled modes should be defined and Mode
tabulated separately by using mode shapes first. Without Single Double
winglet winglet winglet
It can be seen from the observation and 1 7.8717 5.4326 34212
comparison of Table 5 with 6 and Table 7 with 8, 2 34.46 19.717 8.4885
the shell material Carbon Epoxy UD has been 3 60.06 46.449 29.337
obtained to have higher natural frequency 4 108.02 74.894 55.93
compared to Kevlar Epoxy. Also, the decrease on S 166.86 122.15 104.71
the natural frequency is observed by using single 6 199.27 162.99 151.74
winglet and the decrease becomes more 7 201.1 200.96 198.27
considerably with the double winglet design. 8 233.09 220.42 22047
Additionally, as the mode number increases error 9 288.72 260.46 273.68
in the computation of natural frequency increases. 10 342.19 314.81 29791
This may have been caused by the meshing quality
that affects greatly a FEA results. Table 8. Natural frequencies of the wing models
for Case 4
Table 5. Natural frequencies of the wing models Natural frequency (Hz)
for Case 1 Mode Without Single Double
Natural frequency (Hz) winglet winglet winglet
Mode Without Single Double 1 3.3935 3.5479 2.302
winglet winglet winglet 2 14.429 10.254 11.821
1 5.5034 4.5318 2.422 3 35.455 29.969 29.148
2 25.198 17.327 13.548 4 66.319 62.236 64.604
3 82.211 31.214 29.338 5 91.203 82.573 103.57
4 119.75 70.404 55915 6 155.63 125.6 134.98
5 144.52 108.94 82.846 7 185.77 1535 184.51
6 200.8 142.07 128.78 8 2114 208.72 2002
; ;%g;‘ ;2‘1‘25 éfg;g 9 240,55 22591 230.62
9 29133 274,02 29332 10 292.95 305.08 273.92
10 3743 298.65 304.25
C.U. Miih. Fak. Dergisi, 37(3), Evliil 2022 747



Free Vibration Analysis of Tapered Composite Aircraft Wing via the Finite Element Method

(<)
Figure 5. The first three mode shapes of Case 1 without winglet. (a) Mode 1. (b) Mode 2. (¢c) Mode 3
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(c)
Figure 6. The first three mode shapes of Case 1 with single winglet. (a) Mode 1. (b) Mode 2. (¢c) Mode 3
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i)

Figure 7. The first three mode shapes of Case 1 with double winglet. (a) Mode 1. (b) Mode 2. (¢c) Mode 3

(c)
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5. CONCLUSION

In this study, the aircraft wing has been modeled
using CATIA and ANSYS Design Modeler and is
imported into ANSYS Workbench. A real-life
wing design with its inside ribs, outside shell and
tapered geometry is considered. The natural
frequency of free vibration has been studied using
the modal analysis tool. The effect of wingtips on
a wing structure of an airplane is also investigated
by different cases and material selections.

The aircraft wing simulation has been performed
on a non-winglet aircraft wing, single winglet, and
double winglet designed wings. For each case,
various common materials in aviation sector are
defined on inside and outside parts of the wings.
Then, simulation is performed and results of the
three wing types concerning their specific
materials have been compared. According to the
obtained results, the natural frequencies of the
wings with winglets are obtained to be less than
without winglet wing structure results. The results
presented in this paper may be used to benchmark
future studies in this field.
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Oz

Giintimiizde risk yonetimi ve degerlendirmesi is saglig1 ve giivenligi felsefesinin en énemli unsurlarindan
biri olarak karstmiza ¢ikmaktadir. Saglik sektorii calisma ortaminda karsilasilabilecek riskler, tehlikeli
durum ve davraniglar ile meydana geldiginde ortaya c¢ikabilecek sonuglar1 goz oniine alindiginda en riskli
calisma alanlarindan biridir. Ulkemizde saglik calisanlar1 saglik hizmet sunumlarinin bircok alaninda
hizmet vermektedir. Ozellikle hastanelerde; biyolojik, kimyasal, fiziksel, ergonomik, psikososyal risklerle
kars1 karsiya ¢aligsmaktadir.

Bu c¢alismanin amaci, kalitatif risk degerlendirme metotlarindan L Matris ve Fine-Kinney risk
degerlendirme yontemlerinin karsilastirilarak saglik sektoriindeki etkinliklerinin degerlendirilmesidir.

Calisma sonucunda L tipi Matris yonteminde tespit edilen tehlike kaynaklarinin risk 6nem dereceleri orta
seviye risk onem derecesinde iken; Fine-Kinney yonteminde ayni tehlike kaynaklarinin risk 6nem
derecesi Yiiksek/Cok yiiksek seviyesinde kargimiza ¢ikmaktadir.

Anahtar kelimeler: Saglik sektorii, L matris, Fine-Kinney yontemi

An Investigation on Different Risk Analysis Methods in Public Hospitals :
an Example Application

Abstract

Today, risk management and evaluation constitute the most important element of a new approach to
occupational health and safety. Health sector is one of the most risky working are as considering the risks
that may be encountered in the working environment and the consequences that may occur when it occurs
Health workers are faced with biological, chemical, physical, ergonomic and psychosocial risks in many.
areas of health care, especially in hospitals.

*Sorumlu yazar (Corresponding author): Nil YAPICI, nyapici@cu.edu.tr
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Kamu Saglik Kurumlarinda Farkl: Risk Analiz Yontemlerinin Incelenmesi: Ornek Bir Uygulama

The aim of this study is to compare the effectiveness of the L matrix and Fine-Kinney methods in the
most intensive and stressful hospitals in the health sector.

As a result of the study, the risk severity levels of the hazards detected in the L-type Matrix method were
found to be at a moderate risk level, while it was found to be at the high/very high level in the Fine-

Kinney Method.

Key Words: Health sector, L matrix, Fine-Kinney method

1. GIRIS

Is saghg ve giivenligi agisindan saglik sektorii,
delici-kesici  aletlerin  kullanimi,  enfeksiyon
riskleri, radyoaktif madde kullanimi, psikososyal
riskleri, elektrikli aletlerin siirekli kullanimi, agir
malzemelerin ~ nakliyesi,  kimyasal = madde
kullanimi, taginmast ve depolanmasi ile karmagik
ve tehlikeli is koludur. Ayrica bu is kolu uzun
calisma saatleri temposu, konfor, ergonomi
acisindan uygun olmayan c¢alisma ortamlari,
vardiyali sistemin bulunmasi ve isin beraberinde
getirdigi stres ve dolayisi ile daha fazla risk ile
karg1 karsiya kalmasi nedeni ile saglik agisindan
olumsuz etkilenmelerine neden olmaktadir [1].

Saglik hizmet sunucularindan hastaneler Is Saghg
ve Giivenligine Iliskin Isyeri Tehlike Siniflari
Tebligi’'nde ¢ok tehlikeli smifta olan isyerleri
arasindadir.

Multidisipliner  bir ¢aligma  olarak  saglik
sektoriinde is sagligi ve giivenligi, hastanin saglik
ve giivenligini, ¢aliganin saglik ve giivenligini ve
cevredeki varliklarin saglik ve giivenligini ele
almaktadir.

Diinya Saglik Orgiiti (WHO) 2002 yilinda riski
tanimlarken; sonucun olumsuz olma ihtimali ya da
olasilig1 ortaya ¢ikaran faktor olarak tanimlamigtir
[2]. Risk yonetimi; riskleri tanimlamayzi,
degerlendirmeyi, sorumluluklar1 ve belirlemeyi,
tim sonuglarint goézden gecirmeyi kapsayan
siiregler biitiiniidiir. Hastane hizmetlerinde risk
yonetimi ise hasta bakim kalitesini iyilestirmeye
calisan ve hasta ve calisan giivenligini
olabildigince iist diizeyde tutmayr amaglayan, bu
amaca engel olabilecek olumsuz unsurlart birer
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risk olarak belirleyip analiz eden ve gerekli
onlemleri alan siireglerdir [3].

Risk  Yonetim modeli  olusturulurken a)
Dokiimantasyon sisteminin  kurulmasi b) Risk
temel egitimlerinin verilmesi c¢) Risk raporlama
sisteminin  kurulmast d) Risk  ydnetimini
saglayacak orgiitsel yapida yonetim olusturulmasi
e) Kurum risk analiz plan1 Olusturulmasi temel
esaslar1 olugturmaktadir [3]. Riskler yonetilmedigi
takdirde tehlikelidir.

Bu calismanin amaci, Adana iline bagh
hastanelerden flce hastanesinin L Matris ve Fine-
Kinney risk  degerlendirme  yontemlerinin
karsilagtirilarak risk degerlendirme metotlarinin
etkinlik degerlerinin ortaya ¢ikarilmasit ve risk
yonetimi ¢aligsmalarimin dogru ve yol gosterici
olmasidir. Calisma, Saglik bakanligi “Yatakli
Saglik Tesisleri Rollerinin Yeniden Belirlenmesi
ve Gruplandirilmasina Iliskin Kriterlerine”gore
“D” grubu bir ilge hastanesi olup Adana il sinirlari
icerisinde yer almaktadir. Saglik tesisi 5978
metrekare alana sahip 4 katli ve bir bodrum kati ile
birlikte ve tek bloktan olusmaktadir.

2. METOD VE MATERYAL
2.1. Metod

Literatiirde bir ¢ok Risk degerlendirme metotlar1
bulunmaktadir (Cizelge 1).

Saglik kurumlar1 sadece mevzuata uymak icin
kolay uygulana bilinen analiz yontemlerinden 5*5
L matrisi metodunu kullanarak Risk degerlendirme
ve analizlerini yapmaktadir. Bu metotta bir olayin
gerceklesme ihtimali, tehlikeli olaymn
gergeklesmesi halinde sonucunun
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derecelendirilmesi, 6l¢iimii ve diizeltici Onleyici
faaliyetlerin neler/nasil olacagi belirtilmektedir.
Ancak tespit edilen tehlikelerin  ortadan
kaldirilmast ya da kabul edilebilir seviyeye
indirgenmesi i¢in verilen son tarih (termin) siireleri
gdz Oniine alindiginda Fine-Kinney yonteminde

Cizelge 1. Risk degelendirme metotlari [4].

Giilistan KARAN BUTURAK, Nil YAPICI

‘acil 6nlem’ alinmasi, L tipi matris yonteminde ise
islem devam ederken ‘hemen Onlem alinmasi’
gerekmektedir. Bu durum g6z Oniine almarak
Saglik kompleksinde L matris ve Fine-Kinney
yontemi ile kargilagtirma yapilmustir.

Nitel (Kalitatif) yontemler

Nicel (Kantitatif) yontemler

Nicel ve nitel (Karma) yontemler

+ On Tehlike Analizi (PHA) (Pre- .

ha-zard Analysis) Method)

Tehlike ve Isletilebilirlik Analizi
Yontemi (HAZOP) (Hazard and
Operability Analysis Method)
SWOT Analizi

Is emniyet Analizi (JSA) (Work
Safety Analysis)

L Matris Metodu (L Matrix .

« Ne Olursa Ne Olur? (What if ?) * X Matris Metodu (X Matrix (Combining professional safety
* Birincil Risk Analizi -(Prelimi- Met-hod) analysis with Hazop)
nary Risk Analysis (PRA) Using | ¢ Fine Kinney Metodu (Fine » Kaza Sonug Analizi (ETA)
Checklists Kinney Method) (Acci-dent Result Analysis)
* Risk Puanlama Metodu (Risk
Scoring Method)

Hazop ile mesleki giivenlik
analizinin birlestirilmesi

L Tipi (5*5) Matris Yonteminde; Risk= Olasilik x
Siddet formiilii ile degerlendirilirken, Fine-Kinney
Yonteminde; Risk= Olasilik x Frekans x Siddet
skalalari ile belirlenir.

Risk degerlendirme yapilirken sadece Is Sagligi ve
Giivenligi uzmani degil en st birimden en alt

birime kadar tim kadronun beraber
koordinasyonlu caligilmasi ile sonuca
ulagilmaktadir [5].

Risk degerlendirmesi yapilan ¢aligma alanlart; 112
acil ambulans hizmeti, acil servis, Laboratuvar
hizmetleri (Biyokimya), Goriintiileme hizmetleri
(rontgen), dis poliklinigi, kadin hastaliklart ve
dogum poliklinigi, KBB poliklinigi dahiliye
poliklinigi, haftanin belirli giinlerinde dermatoloji
poliklinigi, palyatif bakim servisi, genel karma
(birden fazla bransin yer aldig1) yatakl: servis gibi
saglik hizmeti alanlari olarak siralanabilir. Tiim bu
alanlar poliklinikler, ameliyathane ve acil servis
olarak 3 gruba ayrilarak degerlendirilmistir. Her
iki yontemde tiim riskler Yangin ve Acil Durum,
Enfeksiyon, Genel, Elektrik, Ergonomi,
Psikososyal, Kimyasallar ve Alerji olarak sekiz
ana baglikta toplanmustir.
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2.2. Materyal

Hastane Saglik Bakanlig1 Saglik Hizmetleri Genel
Midiirligii’niin yayimlamis oldugu Yatakli Saglik
Tesisleri Rollerinin Yeniden Belirlenmesi ve
Gruplandirilmasima liskin Kriterlerine gore “D”
grubu hastane olarak smiflandirilmistir. Adana
iline bagl Ilge hastanesi olarak genis bir bolgeye
hizmet vermektedir. Hastane biinyesinde; 1 adet
630 kw giicinde 2000 litrelik kapasiteli jenerator,
80 kw ve 2 kw giiciinde 2 adet UPS, 50 litre
kapasiteli yaklasik 10-12 adet oksijen tiipleri ile
birimlere oksijen gazi dagilim merkezi ile tibbi-
tehlikeli-geri doniisiim atik depolari
bulunmaktadir. Bir hasta, bir personel ve bir de
yemek asansorii olmak iizere toplam 3 adet asansor
bulunmaktadir. Isitma ve sogutma merkezi sistem
olup, komiir kazan1 kullanilmaktadir. Tespit edilen
tehlike kaynaklar1 ve risklerin bir kismt Sekil 1°de
verilmistir [6].

3. BULGULAR
Saglik  kurumlarinda  ¢evresel, kimyasal,
ergonomik, fiziksel, biyolojik riskler ele

alindiginda (National Institute for Occupational
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Safety and Health — NIOSH) Amerikan Ulusal
Mesleki Saglik ve Giivenlik Enstitiisiine gore 10
nevi psiko-sosyal, 29 nevi fiziksel, 6 nevi
ergonomik, 25 nevi kimyasal, 24 nevi biyolojik

tehlike ve risk bulunmaktadir [7]. Risk analizi
yapilirken tim bu riskler gbéz Oniine alinarak
yaptlmalidir.

(b) Elektrik panosu 6niinde sedye konumu

(c) Agikta kalan elektrik kablolari

(d) Yanlis sedye konumu

Sekil 1. Tespit edilen tehlike kaynaklari ve riskler [6]

Calisma  yapilan alanlardan  Acil  Servis,
Ameliyathane ve Polikliniklerdeki verilerin gerek
coklugu gerekse karmasikligi sebebiyeti ile ilgili
alanlarda tespit edilen en yiiksek risk seviyesine
sahip tehlike ve risk kaynaklari ele alinmis ve 5*5
L Tipi Matris metodu ve Fine-Kinney Metodu
karsilagtirilmasi yapilmistir.

Yapilan ¢aligma ve risk analizi sonucunda tespit
edilen tehlike kaynaklarmin sayist su sekildedir:
Ameliyathane de 29, Acil serviste 37,
polikliniklerde 32 adettir. Tespit edilen tehlike

kaynaklarma  gore  yapilan risk  analizi
caligmalarinda ameliyathanede L Tipi Matris
yonteminde “durdur/cok biiylk risk” Onem
756

derecesine sahip hig¢ tehlike goriilmez iken, Fine-
Kinney yonteminde 3 adet tehlike, L Tipi Matris
yonteminde acil serviste “durdur/¢ok biiyiik risk”
o6nem derecesine sahip hig tehlike goériilmez iken,
Fine-Kinney yonteminde 9 adet tehlike, L Tipi
Matris yonteminde polikliniklerde “durdur/cok
biiyiik risk” onem derecesine sahip hi¢ tehlike
goriilmez iken, Fine-Kinney ydnteminde 2 adet
tehlike oldugu goriilmistiir (Cizelge 2).

Ameliyathaneler risk analizinde 5*5 L Matris
yonteminde orta seviye olarak tespit edilen tehlike
ve risklerin Fine-Kinney yonteminde yiiksek ve
¢ok yiiksek seviyesinde oldugu goriilmektedir

(Cizelge 3).
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4. SONUCLAR VE TARTISMA

Is saghg ve givenligi isleyisi, saghk
hizmetlerinde bulunan tiim hizmet birimlerinin
(saglik meslek profesyonelleri, teknik hizmet ve
destek hizmet personelleri) dogrudan risk
degerlendirmelerine katilmasi ile yapilmalidir.
Optimum fayda saglamak i¢in risk degerlendirme

Cizelge 2. Risk degerlendirme tablolari [8]

Giilistan KARAN BUTURAK, Nil YAPICI

ekibini olasi tim riskleri tamimlayabilecek
yetkinlikte kisilerden se¢gmek, riskleri ¢aliganlarin
kendi dolduracaklar1 bir iletisim formu aracilig ile
imzali olarak almak ve benzer risklerin olasiliklar1
hesaplanirken karsilagtirmali olarak puanlamak
faydali olacaktir (Kantarcioglu ve arkadaslari,
2020). Uygulanacak risk analiz yodntemlerinin
saglik birimlerine gore secilmesi gerekmektedir.

L Matris

Acil Servis Risk Analizi

No Tehlikenin Riskin tanum Risk Puam Etkilenen Alinmasi gereken Risk Puam
tamm Olasihk | Siddet | Risk Onlem/faaliyetler Olasihk | Sid. Risk
Tehlikeli
davraniglar Kurum. Calisanlara tehlikeli
(acilde Yaralanma, i al anl;r davranislarda
1 | sakalagma, - 13 3 4 12 |59 ’ bulunmammasi yoniinde 4 1 4
« kazas1 hastalar ve A . .
gorev Ziyaretciler gerekli egitmler verilmeli,
talimatlarina Y kayit altina alinmali
uymama)
Tuvalet Yaralanma ve Kurum,
2 | kapilarimim ige gcﬂ .durumlarda 3 3 9 calsanlar, Tuvalet kapilari disa 3 3 9
acilmast iceri u}a$1ml h:dstalar ve actlmalidir.
geciktirme ziyaretgiler
- Caligma alaninda
S.l.vrl ve sert Carpma ve Kurum ¢alisanlarin garparak
3 | koselerin 3 3 9 . S 2 2 4
yaralanma calisanlart yaralanabilecegi sivri ve sert
bulunmasi
koseler yuvarlanmali.
Kullanim dis1 Carpma ve Acil servis Kullanim dis1 malzemeler
= [ 4 | malzeme P 2 3 6 | calisanlari, sahadan toplanmali kullanim 1 3 3
= yaralanma
4 bulunmasi kurum dig1 malzeme birakilmamali
=
Qo
Calisanlarin )
pf:(lyod}k ise Meslek Hastalig, Kurum, Ise girilerde ve pCI‘ly(idlk
5 | giris saglik - 3 5 15 | kurum olarak ¢aliganalrin saghk 2 4 8
Joe tehlikeli durum,
takiplerinin calisanlart taramalar1 yapilacaktir.
olmamasi
Elektrik ¢carpmasi, 4 3 12 1 3 3
Yangin 2 4 8 Kurum Defibrilatériin uygun 1 4 4
-~ kullanilmasi saglanmal,
Defibrilator Calisanlari, .
6 kullanilmasi Ziyaretgiler kullanma talimatinin
Yanik 2 2 4 Y goriiniir bir yerde olmas1 3 1 3
ve Kurum . . o
saglanmali, denetim, egitim
Elektrik
4 4 16 2 4 8
Carpmast Kurum Elektrik Kablolar1 yer
Dii 2 2 3 A P . 1 B B
Agikta Elektrik tyme Calisanlart seviyesinden surqllnemell
7 uygun kanallar i¢inde duvara
Kablolari ve A
v 2 4 g | Ziyaretciler monteli sekilde uzatilmal, ) 4 4
E angn yaretg Kablolar kanal i¢ine alinmali
g
= H‘Z;: iizZritrrlle Kurum Cihazlarin elektrik yiikiine
8 | SeriBaslama Caliganlari, uygun buattan paralel hat
. g Ziyaretgiler ¢ekilmeli, ¢oklu prizler ile
ile asn yiik Yangin 3 3 15 ve Kurum ¢ogaltma yapilmamal ! 3 3
bindirilmesi
.U. Miih. Fak. Dergisi, , 7]
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Cizelge 2. Devami

Fine-Kinney Yoéntemi Acil Servis Risk Analizi
S~ o Risk puani . Almmasi gereken Risk puani
No | Tehlikenin tammi | Riskin Tanim: Olasilik|[Frekans| Siddet | Risk Etkilenen onlem/faaliyetler Olasilik | Frek. | Siddet | Risk
Calisanlara
tehlikeli
Tehlikeli davraniglarda
bulunmamasi
davraniglar Kurum, o .
(acilde Yaralanma, is calisanlar, y°?’?mde ger;kh .
1 > 6 6 7 252 > |egitimler verilmeli, 3 0,5 7 11
sakalagma, kazasi hastalar ve
X ) . kayit altina
talimatlara ziyaretgiler
ama) alinmali,
uym denetimler
yapilarak takip
edilmeli
Yaralanma Kurum.
Tuvalet ye acil al aniar Tuvalet kapilart
2 |kapilarinin ige durumlarda 6 7 7 294 |21 i uv P 6 1 3 18
. hastalar ve |disa agilmalidir.
agilmasi ¢eri ulagimi . .
2 ikti ziyaretgiler
2 geciktirme
E Caligma alaninda
© Sivri ve sert galisanlarin
3 |késelerin Carpma ve 6 6 1| 36 |Kurum garparak 3 1 1 3
bulunmas yaralanma ¢alisanlart ygrqlanabllecegl
sivri ve sert koseler
yuvarlanmali.
Kullanim dist
Kullanim dist Carpma ve Acil servis ;r;;l;;r;etlgr lanmals
4 |malzeme P 3 6 3 | 54 |calisanlary, P 1 0,5 7 |35
yaralanma kullanim dis1
bulunmasi kurum
malzeme
birakilmamali
Caliganlarin Ise girislerde ve
periyodik ise hMaZ:ik.l Kurum, periyodik olarak
5 | giris saghk augl, 6 10 15 {900 |kurum calisanlarin saglik 1 0,5 15 7,5
& & tehlikeli &
takiplerinin durum ¢aliganlar1  |taramalar
olmamast yapilacaktir.
Elektrik 1 3 15 45 Defibrilatoriin 0.5 3 15 23
carpmasl, uygun kullanilmast,
Yangin 1 3 40 120 kullanma 0,5 2 40 40
Kurum talimatinin goriinir
Defibrilatér Calisanlar1 | bir yerde olmasi
6 kullanilmas ve saglanmali, Egitim
Ziyaretgiler |verilmeli,
Yanik 0,5 3 3 4,5 0,5 3 3 4,5
ve Kurum | Caliganlarin
kullanim hakkinda
bilgileri
v denetlenmeli.
= - -
5 Elektrik 3 10 7 210 Elekml.c kaplolarl 1 1 15 15
2 garpmast yer seviyesinden
E Diisme 1 10 3 30 stirlilmemeli uygun 1 1 15 15
= . Kurum kanallar i¢inde
=7 ﬁ:;ﬁ?afllekmk Calisanlari, |duvara monteli
v 1 10 15 150 Ziyaretgiler |sekilde uzatilmali, 1 1 15 15
angin kablolarin kanal
igine alinip yalitimi
saglanmali
Aym Elekrik | Flektrik 306 | 7 |26 Cihazlarm elektrik | )| g5 | 45 | 75
Hattt iizerine carpmast Kurum yiikiine uygun
8 | Seri Baglama ile ¢alisanlari, |buattan paralel hat
asir1 yiik Yangin 3 6 15 {270 21ylezretq1ler Qe.klll m?il’ 901( 1111 1 0,5 15 7,5
bindirilmesi ve kurum prizler ile ¢ogaltma
yapilmamali
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Cizelge 2. Devami

L Matris Poliklinik Risk Analizi
Tehlikenin o Risk puani . Almmasi gereken Risk puani
No tanimi Riskin tanimi Olasilik | Siddet | Risk Etkilenen Onleny/faaliyetler Olasilik | Siddet | Risk
) Tehlikeli Kurum, Caliganlara tehlikeli
Temel ISG davrans. i alsanlar davraniglarda bulunmamasi
1 |egitimlerinin 5> 15 5 4 20 | 2% > yoniinde gerekli egitmler 4 1 4
kazast, hastalar ve . .
olmamasi X . verilmeli, kayit altina
yaralanma ziyaretgiler
alinmal
Sivri ve sert Carpma ve Kurum C;lllsalfllfaz?n?dzrak
T | 2 |késelerin P 3 3 9 galiyaniann garparax 2 2 4
5 yaralanma calisanlar1 yaralanabilecegi sivri ve sert
€] bulunmast .
koseler yuvarlanmali.
Tlgili yonetmelik geregi
. ¢aligan sayisina gore yeterli
Lavab.olarm Enfck'51y‘<‘)n',' Kurum, kurum | lavabo olmali (25 kisiye bir
3 |yeterli sayida | stres, isgiicli 5 3 15 . o 4 1 4
¢aliganlari kabin hesap edilir) bay ve
olmamasi kayb1
bayan tuvalatler ayr1 ayri
olmali
Yangin sondiirme cihazlart
Yanem Olas1 yanginda i¢in istasyon yerleri
angmn ge¢ miidahale Kurum, belirlenecektir. Yangin
sondiiriicti . P .
X sonucu ¢oklu i caliganlari, sondiirme cihazlarinin
4 | cihazlarinin 3 4 12 . . L . . 2 3 6
crinin kazas1 ve ziyaretgiler, tizerinde etiketleri
g zilinmemesi yaralanmalar, hastalar bulunacak, yania ne oldugu
E kayiplar ve hangi yanginlarda
| kullanilacag: yazilacaktir.
E Yangin f;(aLlTsl:;llan
N o X .
zls a.lgllan'la' Oliim ve 5 5 10 | ziyaretgiler, Qtomatlk yangin algilama 5 2 10
& sisteminin yaralanma sistem kurulmali
£ hastalar ve
s olmamas1 K
urum
Olas1 yangin ve
Acil ¢ikigin tehlikeli Acil ¢ikigin 6niinde higbir
Kurum
6 | amag dis1 durumda ¢ikis1 3 4 12 alisanlar: engel bulunmamali, amac1 5 1 5
kullanimi engellemesi, cans diginda kullanilmamali
yaralanma
Biyolojik etkenlere
maruziyet risklerinin
Biyolojik etken onlenmesi hakkindaki
kaynaklar1 . yonetmelik geregince
7 | (Hasta kisi, Enfeksiyon 5 2 10 T;Jlrln;;l;;m onlemler alinmali, egitimler 3 1 3
materyal, veya cals verilmeli, KKD
ortam) tamamlanmali, Periyodik
muayeneler aksatilmammali
kayitlart muhafaza edilmeli.
Kigisel Meslek Kurum Kls{scl kpruyl}cu_dqnammlar
Koruyucu S temin edilmeli, egitimler tam
8 hastaligy, is 2 3 6 | calisanlar ve . X 1 3 3
donanim verilmeli, kayitlart muhafaza
kazasi kurum . .
olmamasi edilmeli
=
% Kesici ve delici | Enfeksiyon, Kurum Uygun kisisel koruyucu
f{ 9 |alet meslek 5 2 10 |calisanlari ve | donanim kullanilmaly, 4 1 4
s yaralanmalar1 | hastaligi kurum Egitim
Kesici ve delici . Kesici delici alet kutularinim
Enfeksiyon, Kurum
alet kutulariin usulune uygun kullanilmasi
10 meslek 5 2 10 | calisanlari ve - . 4 1 4
uygun hastahigt Kurum saglanmali ve denetlenmeli,
kullanilmamas1 & egitim
Fiziksel ortam | Enfeksiyon, Kurum, Is hijyeninin saglanmas1 ve
11 [ kaynakli meslek 4 2 8 | ¢alisanive ¢alisanalarimn rutin saghk 5 1 5
enfeksiyon hastaligi kurum kontrolleri yapilmalidir.
Eif:lehcu Meslek Kurum Kisisel koruyucu
12 d Y hastaligy, is 5 2 10 |calisanlari ve | donanimlardan eksik olanlar 3 1 3
onanim
B kazasi kurum tamamlanmali
yetersizligi
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Cizelge 2. Devami

Fine- Kinney Yontemi Poliklinik Risk Analizi
No Tehlikenin Riskin Risk Puani Etkilenen Alinmasi gereken Risk Puant
Tanimi Tanimi Olasilik | Frek. | Siddet | Risk onlem/faaliyetler Olasilik |Frek.| Siddet | Risk
S Caliganlara tehlikeli
Temel iSG g:\}]lrl;ﬁh ; I;Tlrl:;liar davraniglarda bulunmamasi
1 |egitimlerinin Kazast 5 18 6 6 7 252 ﬁastsalar > |yoniinde gerekli egitimler 6 0,5 7 21
olmamasi > X . verilmeli, kayit altina
yaralanma ziyaretgiler
alinmali
d Sivri ve sert Caligma alaninda
E 2 |Kkoselerin Carpma ve 3 10 3 90 Kurum ¢alisanlarin ¢arparak 01 10 3 3
[©) bulunmast yaralanma caliganlar1  |yaralanabilecegi sivri ve ’
sert koseler yuvarlanmali.
Lavabolarin Enfeksiyon, Kurum ve 11511111;;10:: t:;enlallk %’)iegcl:tcrli
3 |yeterlisayida |stres, isgiicii 6 6 7 252 galy Y gore y 3 2 3 18
Slmamast kaybr calisanlar1 | lavabo ayr1 ayr1 olmali (25
kisiye bir kabin hesap edilir)
Oal::Slm da Yangin sondiirme cihazlart
Yangin ;jccg Kurum. i¢in istasyon yerleri
sondiirticti miidahale kurum , b.(.: lirlf:nccck'tir. Yangin
4 | cihazlarmin sonucu 6 10 7 420 |calisanlariz! ;(;:gﬁ?zfiﬁiﬁ:lmn 0,2 10 7 14
= yerinin coklu is yaretgiler
= bilinmemesi kazasi ve hastalar bulunacak, yanina ne
=1 Idugu ve hangi yanginlarda
= aralanmalar olcug 81 yang
a K | kullanilacag: yazilacaktir
o ayiplar ‘ _
IS} Yangin algilama sisteminin
< Yangin . Kurum iiretici firma tarafindan
g‘ 5 algilama Oliim ve 3 1 20 120 caliganlar belirtilen siirelerde bakim 05 05 20 10
z sisteminin yaralanma ziyaretgiler |onarimlari ve muayeneleri ’ ’
T olmamasi hastalar yapilmaly, ilgili kayitlar
<Zt muhafaza edilmeli.
bS Olas1 yangin Acil ¢ikigin 6niinde higbir
Acil cikisin ve tehlikeli engel bulunmamali, amac1
6 |ama § & ? durumda 6 3 15 270 Kurum disinda kullanilmamali, 3 05 7 1
kull;;mrrsu cikigt calisanlar1  |belirli araliklarla ’
engellemesi denetlenmeli ve kontrol
yaralanma edilmeli
Biyolojik etkenlere
maruziyet risklerinin
Biyolojik etken onlenmesi hakkindaki
kaynaklart Tiim kurum yonetmelik geregince
7 |(Hasta kisi, Enfeksiyon 3 10 7 210 alisanlar: onlemler alinmali, egitimler 6 0,5 3 9
materyal, veya aly verilmeli, KKD
ortam) tamamlanmali, periyodik
muayeneler aksatilmamali
kayitlart muhafaza edilmeli.
Kisisel Meslek Kurum Kisisel koruyucp ) )
8 Koruyucu Hastaligy, is 6 6 7 252 |cahisanlar: d(_)rlgmmlar tcmlq Cdlh.nCh’ 1 0,5 3 1,5
donanim Kazast ve kurum egitimler tam verilmeli,
F4 olmamasi kayitlart muhafaza edilmeli
g Uygun kisisel koruyucu
k7 Kesici ve delici | Enfeksiyon, Kurum donanim kullanilmali,
E 9 |alet yaralanmal |meslek 6 10 7 420 |g¢alisanlar1 |Egitimler belirli 0,2 10 7 14
Fz ar1 hastalig1 ve kurum periyotlarda tekrar edilmeli,
= denetim
;zfllf;t‘; Ta(iillllill Enfeksiyon, Kurum Kesici delici alet kutularinim
10 |uygun mcslck_ . 3 6 7 126 |calisanlar: us?lune uysun kullanllmaS} 1 6 3 18
Kullanilma hastaligy, is ve kurum saglgnmall ve denetlenmeli,
mast kazas1 Egitim
Fiziksel ortam | Enfeksiyon, Kurum, Is hijyeni saglanmali ve
11 [kaynakli meslek 6 6 7 252 |kurum ¢alisanlarin rutin saglik 6 0,5 3 9
enfeksiyon hastalig1 caligant kontrolleri yapilmalidir.
Efrﬁd cu Meslek Kurum Eksilen Kisisel koruyucu
12 donarslrlum Hastaligy, is 3 6 7 126 |[calisanlar1 |donamimlar tamamlanmali.. 3 0,5 7 11
yetersizligi Kazasi ve kurum Egitimleri verilmeli.

760

C.U. Miih. Fak. Dergisi, 37(3), Eyliil 2022




Cizelge 2. Devami

Giilistan KARAN BUTURAK, Nil YAPICI

L Matris Ameliyathaneler Risk Analizi
No Tehlikenin Riskin tanmi Risk Puani Etkilenen Alinmast gereken Risk Puani
tanimi1 Olasilik | Siddet | Risk Onlem/faaliyetler Olasilik | Siddet |Risk
Biyolojik ctken P';lyolo.]llf efkenlere rparumyet
- risklerinin dnlenmesi
kaynaldart Tim hakkindaki yonetmelik
1 |(Hasta kisi, Enfeksiyon 3 3 9 |Kurum ndaki y 1 3 3
geregince dnlemler alinmali,
Materyal, veya Calisanlar1 |2, P
egitim. Kisisel koruyucu
ortam)
donanim kullanilmali
Kesici ve . Kurum ..
2 |delici alet Enfeksiyon, - 3 4 12 |calisanlart Uygun kisisel koruyucu . 3 1 3
meslek hastalig donanim kullanilmali, Egitim
yaralanmalari ve Kurum
Kesici ve T
- Kesici delici alet kutularinin
delici alet Enfeksiyon. Kurum suliine n kullanilmasi
7 | 3 |kutularinm yon, 5 3 15 |calisanlar usuiune uygu 4 1 4
5 uygun meslek hastalig ve Kurum sagla}nmah ve 'denetlenmen,
>~ Egitim, Denetim
= kullanilmamasi
Z .
Kisisel ..
= Kurum Kisisel koruyucu
= -
Z| 4 Koruyucu Meslek Hastalig, 4 3 12 |c¢alisanlar1 |donanimlardan eksik olanlar 4 1 4
= donanim is Kazasi
BTN ve Kurum |tamamlanmali
yetersizligi
Ts hijyen :
Is kazasi, meslek T, .
5 sart‘larlmn hastalig, 3 4 12 |Caliganlar Is hljyem 1.1g111 yonetmelik 3 2 6
yerine aralanma gereklerinin karsilamali
getirilmemesi ¥
Mevcut durum korunmali,
Calisma alan1 ¢ok sikisik
Viicut sivilar Kurum olmayacak ve giivenli olarak
6 |sigramalarma | Enfeksiyon 3 3 9 caligmalarini saglayabilecek 2 2 4
calisanlart .
maruz kalma yeterli bos alan
bulundurulmahidir. Ergonomi
egitimi verilmeli ¢alisanlara
Calisma alan1 ¢ok sikisik
Ergonomik Kas, .iskelet ve bel olmayacak ve gtlvenll o larak
- kurum calismalarini saglayabilecek
7 |olmayan agrilari, meslek 3 3 9 K 2 2 4
alisma sekli | hastalig1 calisanlar1 | yeterli bos alan .
¢ bulundurulmalidir. Ergonomi
egitimi verilmeli ¢aliganlara
Carpma, kayma,
tokezleme, Kurum, Yerler 1slak birakilmamal,
Islak/kaygan . < kurum X
8 X diismeye bagli; 3 3 9 Kaygan zemin uyari levhasi 2 2 4
zemin caliganlari,
burkulma ve . . bulundurulmalidr.
- ziyaretgiler
yaralanma riski
E Dolaplarin Tim Bina i¢indeki tiim dolaplarin
S| Sabitlenmemis | Diigmesine bagli 4 3 12 Kurum uygun malzemeler ile duvara 5 3 6
% Dolaplar is kazast, Calisanlar1 |sabitlenmesi saglanmali,
Z yaralanma, 6liim ve Kurum | Denetim
= n T m T
is Saglig1 ve Giivenligi,
calisan saglig1 (ergonomik
tehlike ve riskler) konusunda
Hasta tagima calisanlarm verilen egitimlere
ve pozisyon Tim katilimi saglanmali, Calisma
1o |verme Kas iskelet sistemi 3 3 9 Kurum kosullarma gore boliim 3 1 3
sirasinda rahatsizliklari Caliganlar1 |¢aliganlari arasinda
meydana gelen ve Kurum | doniigtimli ve esit is
yaralanmalar1 paylagimi saglanmasi, Hasta
tagima amaci ile uygun
ekipmanlar (hasta tasma lifti
bv.) temin edilmeli.
C.U. Miih. Fak. Dergisi, 37(3), Evliil 2022 761



Kamu Saglik Kurumlarinda Farkl: Risk Analiz Yontemlerinin Incelenmesi: Ornek Bir Uygulama

Cizelge 2. Devami

Fine- Kinney Yontemi

Ameliyathaneler Risk Analizi

No Tehlikenin Riskin tanmi Risk puant Etkilenen Alinmasi gereken Risk puant
Tanimi Olasilik| Frek. | Siddet | Risk onlem/faaliyetler Olasilik | Frek. | Siddet | Risk
1 Biyolojik B1y019]1k et'kenle.re.
ctken marumyet. risklerinin '
Kaynaklar Tiim kurum onlenmesi hakkindaki
ynaxart Enfeksiyon 3 10 7 210 yonetmelik geregince 6 0,5 3 9
(Hasta kisi, calisanlart |7
onlemler alinmals,
Materyal, veya o -
ortam) egitim. Kisisel koruyucu
donanim kullanilmal
2 |Kesici ve Enfeksiyon, Kurum Uygun kisisel koruyucu
delici alet meslek 6 6 7 252 |c¢alisanlar1  |donanim kullanilmal, 0,5 6 3 9
yaralanmalar1 | hastalig1 ve kurum  |egitim
3 .. Kesici delici alet
Z Kesici ve . kutularinm usuliine
] delici alet Enfeksiyon, Kurum uveun kullamlmas:
E kutularinin meslek 6 6 3 108 |galiganlar s;/'gllell nmal ve 3 6 1 18
X uygun hastalig1 ve kurum & e
= denetlenmen, egitim,
= kullanilmamast deneti
z enetim
4 —
4 E;S:ECI cu Meslek Kurum Kisiel koruyucu
yu Hastahg, Ts 6 6 7 252 |galiganlart |donanimlardan eksik 1 6 3 18
donanim
RN kazasi ve kurum  |olanlar tamamlanmali
yetersizligi
s |sarn - 6 6 3 108 |Calisanlar |yonetmelik gereklerinin 1 6 3 18
yerine hastalig,
- . karsilamali
getirilmemesi | yaralanma
6 | Viicut sivilar leili Uygun KKD kullanimi
sigramalarina | Enfeksiyon 3 3 15 135 |8 saglanmali, Denetim, 1 1 15 15
personel =
maruz kalma Egitim
Calisma alan1 gok
. Kas, .iskelet ve s1}<1$1k .olmayacak ve
Ergonomik bel agrilan Kurum giivenli olarak
7 |olmayan & ’ 6 6 7 252 caligmalarini 1 6 7 42
. |meslek caliganlari - . .
calisma sekli - saglayabilecek yeterli
hastalig
bos alan
bulundurulmalidir.
Carpma, Calisanlara ergonomi
kayma, Kurum, egitimi verilmeli, yerler
Islak/kaygan |tokezleme, kurum 1slak
8 zemin diismeye bagli; 3 6 3 >4 calisanlari, |birakilmamali, Kaygan ! 6 3 18
burkulma ve ziyaretgiler |zemin uyari levhasi
yaralanma riski bulundurulmahdr.
Dolaplarin . Bina i¢indeki tim
o - . Tim
s Sabitlenmenmi Diismesine Kurum dolaplarin uygun
Q19 § bagl is kazasi, 6 3 15 270 malzemeler ile duvara |1 6 3 18
b4 Dolaplar calisanlari . Lo
o yaralanma, ve kurum sabitlenmesi saglanmali,
E‘D Slim denetim
= Is Saghg ve Giivenligi,
¢alisan sagligt
(ergonomik tehlike ve
riskler) konusunda
Hasta tasima g:ewﬂ‘l?anlarm verilen
Ve pozisyon _ egitimlere katilimi
verme Kas iskelet Tim kurum |saglanmali, Calisma
10 sistemi 6 3 7 126 |g¢alisanlar1 | kosullarina gore bolim |3 3 1 9
sirasinda
rahatsizliklart ve kurum |g¢aliganlari arasinda
meydana gelen P .
dontisiimli ve esit is
yaralanmalari -
paylasimi saglanmasi,
Hasta tagima amaci ile
uygun ekipmanlar (hasta
tagma lifti bv.) temin
edilmeli.
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Cizelge 3. 5*5 (L tipi) ve Fine-Kinney yontem karsilastirma tablosu

Risk dege‘rl'endlrme Risk 6nem derecesi L Tipi Matris Risk 6nem derecesi Fine-Kinney
yapilan birim
Durdur - Cok biiytik risk 9
Yiiksek 13 Esasli risk 11
Acil servis Orta 22 Onemli risk 12
Diigiik 3 Olasi risk 5
Onemsiz - Onemsiz 1
Durdur - Cok biiyiik risk 3
Yiiksek 4 Esasli risk 9
Poliklinik Orta 23 Onemli risk 11
Diigiik 2 Olasi risk 5
Onemsiz - Onemsiz 1
Durdur - Cok biiyiik risk 2
Yiiksek 4 Esasli risk 15
Ameliyathane Orta 24 Onemli risk 8
Diigiik 3 Olasi risk 6
Onemsiz 0 Onemsiz -

Bu caligma ile fazla karmasik olmayan bir ilge
hasta hanesinde risk analiz yontemlerinin farkli
sonuglar  dogurdugunu dolayisi ile alinan
onlemlerin yetersiz olabilecegi Ongoriillmiistiir.
Acil servis, Poliklinikler ve Ameliyathane olarak
Risk degerlendirme yapilan saglik hizmet
alanlarinimn risk onem derecelerinde her iki
yonteminde kalitatif olmasima ragmen 5*5 L tipi
Matris yontemi ile Fine-Kinney yonteminde énem
dereceleri farkli sonuglar ortaya ¢ikarmistir.

Fine-Kinney yonteminde;

* Toplamda c¢ok biiyiik/esasl risk seviyesinde
ameliyathanelerde 11 adet tehlike kaynagi, acil
serviste 6 adet tehlike kaynagi, poliklinik ¢aligma
alanlarinda ise 17 adet tehlike kaynagi tespit
edilmistir. Ayni alanlarda sirasi ile 5*5 L Tipi
Matris yonteminde ise 4, 13, 4 adet olarak tespit
edilmistir.  Fine-Kinney yonteminde c¢alisma
yapilan tiim alanlarda toplam ¢ok biiyiik
risk/durdur seviyesinde 13 adet tehlike kaynagi
tespit edilmis olup bunlardan bazilart su sekildedir;

“Acil ¢ikis olmamasi” buna bagli olarak
yaralanma, 6liim, giivenli alana ulagamama riski
tespit edilerek, dnlem olarak acil ¢ikis ya da ikinci
bir ¢ikis yapilmasi,

- “Basingli tiiplerin kullanilmasindan kaynaklanan
riskler” buna bagli olarak patlama, yangin,
yaralanma riski tespit edilmis, Onlem olarak
eldivensiz oksijen tiipiine dokunulmamasi, yagh

C. U. Miih. Fak. Dergisi, 37(3), Eyliil 2022

eldiven veya kremli ellerle dokunulmamasi, yag,
petrol veya diger kolaylikla yanabilir maddelerin,
oksijen ihtiva eden tiiplerin valfleri ile temasa
geemesine asla miisaade edilmemesi, tip cikis
valfleri 6zellikle yag ve su gibi kirleticilerden uzak
ve temiz tutulmali, yagli ekipman (conta, regiilatdr
vb.)  kesinlikle kullanilmamasi,  kliniklerde
muhafaza edilen tiiplerin paslanmaya ve sert
havaya kars1 korunakli, ¢ok iyi havalandirilmis bir
sahada depolanmasi, depolama esnasinda tiip

sicakligmm -40 °C’nin  altina  inmeyecek,
45 °C’nin istiine c¢ikmayacak sekilde Onlem
almmasinin  saglanmasi, kliniklerde muhafaza

edilen tlipler devrilmeyecek ve yuvarlanmayacak
sekilde tutulmasi, tiip valflerinin sikica kapatilmasi
ve koruyucu kapaklari yerinde olmasi, dolu ve bos
tiipler ayr1 ayr1 depolanmasi ve ilk dnce eski stok
kullanilacak sekilde dolu tiiplerin ayarlanmasi,
oksijen gibi oksitleyici tiiplerle parlayici ve yanici
gaz tiipleri ayr1 ayr1 depolanmasinin saglanmasi,

- Enfeksiyon ile ilgili risklerde ‘“Biyolojik
Etkenler” buna bagli olarak enfeksiyon riski tespit
edilmis, onlem olarak biyolojik etkenlere
maruziyet risklerinin  Onlenmesi  hakkindaki
yonetmelik geregince dnlemlerin alinmasi, hijyen
egitimlerinin  verilmesi, KKD  kullanimimin
saglanmasi, diizenli araliklarla denetlenmesi,

- Elektrik ile ilgili risklerde “Elektrik panolarimin
acikta olmasi ve kilitlenmemis olmasi” buna bagl
olarak yetkisiz kigilerin erigimi ile olusabilecek ig
kazalar1 ve yangin riski tespit edilmis 6nlem olarak
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panolarin  kapaklarmim  kapatilip  kilitlenmesi,
yetkisiz  kisilerin  erisimi  engellenmesinin
saglanmasi dnerilmistir.

Calisan saglig1 ve giivenligi ile tesis gilivenliginin
saglanmasi ve devamliliginin korunmasi igin ¢ok
biiyiik/esasli risk seviyesinde yer alan tehlike
kaynaklarma daha erken miidahale edildigi ve
aksiyon planlamasi yapildig1 goriilmiistiir.

Yapilan arastirmalar hastanelerde risk
degerlendirme yontemlerinden L tipi Matrisin risk
degerlendirme metodu olarak daha ¢ok tercih
edildigini gdstermektedir. Kantarcioglu, 2020
calismasinda kamu hastanelerinde risk
degerlendirme  siireglerinde risk derecelerinin
dogru belirlenmesi i¢in saglik hizmet sunucularina
0zel risk degerlendirme metodu olusturma
calismasinin gerekli oldugunu belirtmektedir.

Sonu¢ olarak yapilan c¢alisma Fine-Kinney
yonteminin 5x5 L tipi Matris yontemine gore daha
hassas sonuglar verdigi goriilmiistiir. Ozellikle
yatakli saglik kurumlarinda risk degerlendirme
caligmalarinda  kalitatif  risk  degerlendirme
yontemlerinden yararlanilacaksa 5x5 L Tipi Matris
ve Fine-Kinney yonteminin ¢alisma sahasina gore
beraber kullanilmasi, 6rneklem aldigimiz sahalarda

ise  Fine-Kinney  yonteminin  kullanilmasi
onerilmektedir.
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Abstract

Due to the increasing population and production rate in the world, the amount of waste accumulating in
solid waste sites is increasing day by day. In particular, disposable packaging wastes go to landfills after
they are used, and this situation poses a serious risk when evaluated in terms of solid waste management.
On the other hand, the textile industry, which has a large production volume, causes tons of textile waste
to be buried in solid waste sites. The major goal of this study is to produce 100% recycled laminated
textiles by combining waste from denim fabric and polyethylene bottle caps, which are the priority waste
categories for both industries. In this context, low and high density polyethylene waste bottle caps were
recycled separately by the hot press method, and the matrix plates obtained were laminated to waste
denim fabrics. The physical and mechanical properties of the produced laminated fabrics were tested, and
the results were discussed by comparing them with the test results of polyethylene plates and denim
fabrics. The findings demonstrated that high density polyethylene could be processed more easily in the
lamination process and also imparted better mechanical properties to the fabric to which it was laminated
compared to low density polyethylene. These laminated textiles with 100% waste content are expected to
provide a sustainable substitute for value-added products that can be used especially in outdoor
application areas such as awnings with their improved properties.
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Geri Doniistiiriilmiis Polietilen Ambalaj Atiklar: ile Lamine Edilmis Denim
Kumaslarin Mekanik Analizi

Oz

Diinyada artan niifus ve iiretim hiz1 nedeniyle kat1 atik sahalarinda biriken atik miktar1 her gegen giin
artmaktadir. Ozellikle tek kullanimlik ambalaj atiklar1 kullanildiktan sonra diizenli depolama sahalarina
gitmekte ve bu durum kati atik yonetimi acisindan degerlendirildiginde ciddi bir risk olusturmaktadir. Ote
yandan, biiyiik bir tiretim hacmine sahip olan tekstil sektorii, tonlarca tekstil atiginin kati atik sahalarma
gomiilmesine neden olmaktadir. Bu c¢aligmanin temel amaci, her iki sektdr icin de Oncelikli atik
kategorileri arasinda yer alan denim kumas ve polietilen sise kapaklarinin atiklarini birlestirerek %100
geri dondstiirilmiis lamine tekstil iriinleri tretmektir. Bu kapsamda diisik ve yiliksek yogunluklu
polietilen atik sise kapaklar1 sicak pres yontemiyle ayri ayri geri donistiiriilmiis ve elde edilen matris
plakalar atik denim kumaslara lamine edilmistir. Uretilen lamine kumaslarin fiziksel ve mekanik
ozellikleri test edilmis ve sonuglar polietilen plakalar ve denim kumaslarin test sonuglari ile
kargilagtirtlmistir.  Bulgular, yiiksek yogunluklu polietilenin laminasyon isleminde daha kolay
islenebilecegini ve ayrica lamine edildigi kumasa diisiik yogunluklu polietilene kiyasla daha iyi mekanik
Ozellikler kazandirdigimi gostermistir. %100 atik icerigine sahip bu lamine tekstillerin, gelistirilmis
ozellikleri ile 6zellikle tente gibi dis mekan uygulama alanlarinda kullanilabilecek katma degerli {iriinlere
stirdiiriilebilir bir ikame saglamas1 beklenmektedir.

Anahtar Kelimeler: Polictilen, Ambalaj atiklari, Denim kumasg, Lamine kumas, Geri doniisiim

properties, easy processing and low cost.
According to 2018 data, Europe has 49% plastic
demand for polyproylene (PP) and polyethylene

1. INTRODUCTION

Municipal solid waste (MSW) disposal is a huge

problem for developing countries. About 11% by
the weight of MSW consists of waste plastics such
as polyethylene (PE), polyethylene terephthalate
(PET), polypropylene (PP) and polystyrene (PS)
[1]. The main reason for this is that almost 91% of
all plastic produced in the world is not recycled. It
is thought that the cumulative amount of plastic
waste in 2050 will reach 12,000 mt if plastic
production continues at the same pace and if no
change is made in the waste management trend.
On the other hand, when these data are evaluated
in terms of greenhouse gases, it is predicted that
carbon  dioxide emissions will increase
approximately 4 times in 2050 compared to 2015.

Therefore, every virgin plastic that enters
production will continue to threaten the
environment due to both solid waste and

greenhouse gas emissions [2].

Polyolefins play a leading role in the packaging
industry thanks to their good mechanical
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(PE), and the largest shareholder of this plastics
industry is the packaging industry with 39.9% [3].
Polyethylene has the largest share in international
trade, and the global demand for it is increasing
day by day [4].

Polyethylenes are classified according to their
density, which is a result of their degree of
crystallinity, and the type and content of branches.
The chemical formulas of these polyethylenes, the
most common commercial examples of which are
high density polyethylene (HDPE) and low density
polyethylene (LDPE), are the same, but the density
of their molecular chains is different. HDPE has a
high molecular weight resulting in a high degree of
crystallinity and consists of a linear structure with
little or no branching. LDPE, on the other hand,
has lower crystallinity compared to HDPE because
it consists of a chaotic structure with short and
long chain branches [5]. These two polyethylenes
are polymers that can be reprocessed under heat
with different properties they exhibit.
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It is important to recycle or reuse plastics after use
in order to reduce environmental pollution caused
by plastic packaging waste. In this sense, there are
remarkable developments under the name of
sustainability today. For example, while the rate of
recycled plastic was 16% worldwide in 2016, this
rate was given as 32% for Europe in 2018.
Although the result that recycling has increased by
2 times is promising, it is obvious that the
recycling percentage is still insufficient [6].

Like the plastics industry, the textile sector is one
of the leading industries that generate a large
amount of waste. In direct proportion to the
increase in population and income level, textile
consumption increases at a high rate and this leads
to unwanted waste textile production worldwide
[7]. More than millions of tons of textile waste is
generated worldwide every year, but only less than
20% of this is recycled [8].

In textile industry, the impact of denim production
on environmental degradation is extremely
dangerous due to both being one of the most
widely used fabrics and the high amount of
chemicals used during its production [9, 10].
Cotton is the main raw material used in denim
production [11]. The reuse of cotton will reduce
cotton production, which results in a very high use
of water, fertilizers and pesticides [12]. Waste
cotton fabrics and fibers are recycled and reused in
many different areas. The abundance of raw
materials, low density, high biodegradability and
low price provide advantages in the use of waste
cotton fibers as reinforcement material in
composite structures [7].

In the literature, it is possible to find some studies
that focus on the production of fabric-reinforced
polyolefin-based composites. For instance, in a
study of Sayem et al. commercial HDPE, PP and
Nylon 6 sheets were reinforced with jute fabrics
using compression moulding techniques [13]
whereas Lv et al. manufactured decorative wood
fiber and HDPE composites with canvas or
polyester fabrics by hot and cold pressing
techniques [14]. In almost a similar way, Mayer et.
al produced Kevlar fabric reinforced HDPE and PP
film-based laminates by hot press method for
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ballistic applications [15]. On the other hand, the
number of studies on environmentally friendly
production using recycled polyolefins in laminated
fabrics is quite limited. Rokbi et al. have a study
on investigation of tensile properties of plain
woven jute fabric  reinforced recycled
polypropylene film composites [16]. Unlike all the
mentioned studies, in this study, HDPE and LDPE
plates produced from recycled polyethylene bottle
caps are laminated to waste denim fabrics by hot
press method and the physical and mechanical
properties of these laminated fabrics are evaluated
by comparing them with the results of pure
recycled PE plates and denim fabrics. Rather than
using pure polymers in this study, plates were
made of recycled post-consumer waste polymers,
and denim fabric waste, the textile industry's most
chemically-intensive fabric type, was recycled
instead of being disposed of in landfills. Leading
the subsequent studies on sustainability will be
recycling the wastes of these two significant
industries (textiles and plastics), which produce
enormous volumes of garbage.

2. MATERIALS AND METHODS
2.1. Materials

In this study, 240 g/m2 post-production wastes of
denim fabrics (98% cotton, 2% elastane) with twill
weave structure supplied from Calik Denim and
used as a reinforcement material whereas post-
consumer wastes of HDPE and LDPE water bottle
caps that are collected from ITU Gumussuyu
Campus and recycled, are used as matrix materials.

2.2. Methods
2.2.1. Preparation of Matrix Plate

Before the production of the laminated fabrics
within the scope of the study, the matrix material
is prepared in the form of a plate. For this purpose,
LDPE (24 pieces, Figure la) and HDPE (117
pieces, Figure 1b) bottle caps arranged between
two pieces of Teflon paper are placed in the hot
press machine. Considering the melting
temperatures of the polymers, the temperature is
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adjusted to 160°C for HDPE plate production and
to 140°C for LDPE plate production. The materials
are kept at these temperatures and 20 tons of
pressure for 1 hour, then the temperature is turned
off and the material is left to cool for about 3-4
hours under the same pressure. The matrix plate
obtained can be seen in Figure 1c.

Figure 1. a. LDPE and b. HDPE bottle caps c.
matrix plate

2.2.2. Preparation of Laminated Fabrics

The purpose of lamination on denim fabric is to
improve the mechanical properties of the fabric, as
well as to make it a suitable material for various
outdoor applications by imparting water resistance.

In order to obtain laminated fabric, LDPE and
HDPE matrix plates produced in 50*80 cm
dimensions are placed in the hot press together
with one layer of denim fabric cut in the same
dimensions. Similarly, Teflon paper is used to
prevent the matrix plate from sticking to the metal
sheets of the hot press. HDPE and LDPE
laminated fabrics are kept for 1 hour under 20 tons
of pressure at temperatures of 160 °C and 140 °C,
respectively. After 1 hour, the temperature is
turned off and the samples are kept under the same
pressure for 18 hours to prevent curling.
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Laminated fabric structures can be seen in Figure
2.

b

Figure 2. Laminated fabrics a. HDPE b. LDPE
2.2.3. Physical Analysis

The thickness of the waste denim fabric, recycled
HDPE and LDPE plates and the laminated
structures are measured by a digital micrometer
(Standard Gage) while the areal density and fiber
weight ratio values are calculated based on
measured experimental weight data.

2.2.4. Mechanical Analysis

The tensile strength of the laminated fabric
structures, denim fabrics and plastic plates are
measured in accordance with the TS EN ISO
13934-1 standard by using the Titan’ universal
testing machine. Since woven fabrics have
different performance properties in weft and warp
directions, denim fabric and laminated fabrics are
tested separately in weft and warp directions. Five
different measurements are done for each sample
group and the mean values are given together with
the standard deviation (SD) values. The maximum
load values obtained as a result of the test are
divided by the cross-sectional area (width x
thickness) of the test samples and the tensile
strength values of the materials are calculated.
Double tear strength is realized with same test
machine according to TS EN ISO 13937-4
standard (Figure 3). Maximum tear force data is
divided into thickness of the sample to calculate
tear strength values and results are given in mean
and standard deviation values of five samples.
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'Figure 3. Double tear strength test

The drop-weight impact tests of the laminated
fabrics are performed by BESMAK impact testing
machine according to the ASTM D7136 standard.
Five samples from each test group are exposed to
12 Joule impact energy. The results are supported
by visual damage models as well as numerical data
on absorbed energy, maximum load and
displacement. Numerical results are given with
mean and standard deviation values.

3. RESULTS AND DISCUSSION

3.1. Physical Analysis

The thickness, areal density and fiber weight ratio
values of the waste denim fabric, recycled HDPE
& LDPE plates and the laminated structures are
given in Table 1. It is seen that the thicknesses of
the laminated structures are lower than the sum of
the thicknesses of the fabric and plastic plates.
This shows that the lamination process is achieved
properly and both HDPE and LDPE plates adhere
well to the fabric surface by penetrating the yarns
that make up the fabric.

Compared to HDPE plates, LDPE plates have a
more viscous structure under heat, which makes it
somewhat difficult for LDPE plates to penetrate
the fabric in a molten phase. Therefore, due to the
thicker LDPE layer in the laminated structure, a
lower fiber weight ratio is achieved in LDPE
laminated composite structures compared to HDPE
laminated composites. The areal densities of the
samples also support this result.
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Table 1. Physical properties of samples

Sample | Thickness | Areal Density Fr;lzie; E)fsl]‘(’;l}t
Codes | [£SD] (mm) | [£SD] (g/m?) %)
0

Denim 0.38[+£0.02] | 240[+0.02]
HDPE 0.34[£0.03] | 307[+0.02] -
LDPE 0.52[+0.03] | 419[+0.02] -
Denim-
HDPE 0.49[£0.06] | 510[+0.02] 47 [+0.02]
Denim-
LDPE 0.63[£0.04] | 575[+0.02] 42 [+0.02]

3.2. Mechanical Analysis
3.2.1. Tensile and Tear Strength Analyses

Tensile and tear strength values of fabrics (Denim-
warp & Denim-weft), recycled matrix plates
(HDPE & LDPE) and laminated fabrics (Denim-
HDPE-warp, Denim-HDPE-weft, Denim-LDPE-
warp & Denim-LDPE-weft) are given in Table 2.
When the tensile strength results of fabric samples
are examined, it is seen that the tensile strength
value obtained in the warp direction is
approximately 65% higher than the value obtained
from the weft direction. Considering the
characteristic features of woven fabrics and weave
type (twill), this is an expected result. Warp yarns
per inch is one the most dominant factor
determining the strength of fabric in warp direction
[17].

Table 2. Tensile and tear strength values of

samples

Sample Tensile strength | Tear  strength
Codes [£SD] (N/mm?) | [£SD] (N/mm)
Denim-warp 53.72 [£2.70] 159.03 [+16.02]
Denim-weft 32.05 [+0.63] 128.79 [£9.11]
HDPE 27.02 [£1.01] 28.10 [+£5.34]
LDPE 16.32 [+£0.92] 10.64 [+1.09]
Denim-

HDPE-warp 71.92 [£0.31] 61.12 [£5.99]
Denim-

HDPE-weft 39.81 [+0.44] 59.23 [£5.12]
Denim-

LDPE-weft 46.15 [£1.23] 41,92 [+4.87]
Denim-

LDPE-weft 29.32 [+£1.09] 29.25 [+£3.64]
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When the tensile strength values of the plates are
examined, it is noticed that HDPE plate has a
higher tensile strength than LDPE. This can be
resultant from the density differences of these
polyethylenes. Density, which is defined as the
measure of short chain branches, is one of the most
important parameters that determine the properties
of polyethylene. The decrease in density causes a
decrease in the crystallinity ratio, which causes the
final material to be softer and more flexible, with
an increase in toughness and a decrease in yield
strength [5].

In the samples laminated with HDPE and LDPE, a
higher tensile strength value is obtained in the
warp direction, just like in the fabric since the
mechanical properties of coated fabrics depend on
the those of the fibers that it contains and weave
type [18]. With the lamination of the fabric with
HDPE plate, an increase of 36% and 25% is
observed in the tensile strength values in the warp
and weft directions, respectively. However, 8-13%
decrease in tensile strength is observed in LDPE
laminated fabrics. It is thought that the lower
tensile strength value of LDPE plate (16.32 MPa)
in comparison to denim fabrics (32.05-53.72 MPa)
causes this result.

However, it 1is very difficult to ensure
homogeneous dispersion of natural raw material
reinforcement materials in the thermoplastic
matrix. This is because the reinforcement material
is hydrophilic while the matrix material is
hydrophobic, which makes it difficult to obtain a
durable interface and reduces stress transfer from
one component to another. For this reason, the
positive effect to be obtained may increase even
more if various surface modifications are carried
out [19].

Considering the tear strength test results, it is seen
that the tear strength of laminated fabrics is lower
than that of pure fabrics. This can be explained by
the fact that the melted polyethylene not only
disperses between the yarns, but also diffuses
between the fibers, causing the structure to become
waxy, and therefore the structure cannot resist at
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the time of tearing. The mobility of the fibers and
yarns that make up the fabric is important for
obtaining high tear strength. When a coating is
applied to the fabric, it restricts the fibers and the
existing mobility of the yarns, resulting in a
decrease in the tear strength of the fabrics
regardless of the coating type [20]. On the other
hand, it is obvious that HDPE and HDPE
laminated fabrics show better tear strength than
LDPE and LDPE laminated fabrics.

3.2.2. Drop-weight Impact Analysis

Drop-weight impact resistance test results are
given in Table 3 and Figure 4.

When the absorbed energy values of LDPE and
HDPE based laminated structures are compared, it
has been determined that the energy absorbed by
HDPE laminated structures is higher. This result
can be supported by the higher tensile strength
value of HDPE plates in comparison to LDPE
plates (Table 2). Moreover, the fact that HDPE
laminated composites have a higher fiber weight
ratio than LDPE laminates is considered as one of
the reasons for this situation. In addition, in
parallel with the increase in the fiber weight ratio,
it is seen that the maximum force that the material
can bear increases.

Table 3. Drop-weight impact resistance test results

Max load | Absorbed |Absorption|Displacement
[kN] Energy [J] | ratio [%] [mm]
Denim - - - -
HDPE 0.3 0.57 [£0.16] 4.75 7.19 [£0.29]
[+0.06] ) ) ) ' '
0.36
LDPE [20.03] 0.45 [+0.03] 3.75 5.85 [+0.26]
Denim- 0.39
HDPE [20.08] 0.60 [+0.19] 5.00 |5.61[+0.33]
Denim- 0.43
L DPE [20.15] 0.51 [£0.58] 425 |3.89 [+2.06]
According to the visual damage patterns

represented in Figure 4, although full penetration
is observed for all samples, it is clearly noticed that
the damage characteristics of HDPE and LDPE
plates thus their laminates are exactly different
from each other.
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Figure 4. Damage patterns of the samples. a.
HDPE plate and the Denim-HDPE
sample b. LDPE plate and the Denim-
LDPE sample

HDPE and HDPE laminates, which have higher
absorbed energy values, are more resistant to the
load acting at the time of damage and meet this
load with a wider area, while it has been observed
that a very smooth damage zone is formed only in
the geometry and dimensions of the striking tip
especially in pure LDPE samples with lower
absorbed energy values. It is also seen that the
characteristic features of this damage geometry
have changed with the woven fabric structure
added to the LDPE plates and it has been damaged
more in the form of tearing.

4. CONCLUSION

In this study, waste polyethylene bottle caps are
converted into matrix material and laminated to
waste denim fabrics. The physical and mechanical
properties of laminated fabrics produced using
both HDPE and LDPE polymers are compared
with pure HDPE and LDPE plates and denim
fabric. The prominent results show that HDPE has
easier processability than LDPE, so it can spread
more easily into the textile structure. This situation
directly manifests itself in the produced plate
thicknesses and fiber weight ratios. It is also
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known that HDPE polymer has more advantageous
mechanical properties than LDPE due to its
chemical structure. This results in higher tensile
strength and enhanced impact resistance values in
HDPE laminated fabrics compared to LDPE
laminated fabrics. On the other hand, regardless of
the type of polyethylene, the lamination process
reduces the tear strength of all fabrics since it
restricts the movement ability of the yarns that
make up the fabric. These produced laminated
fabrics have the feature of being 100% recyclable,
exhibit better strength properties than pure plastic
plate and denim fabric, and become suitable for
outdoor use with the waterproofing they offer. On
the other hand, depending on the application area,
the direction of tension that the fabric will be
exposed to should be taken into account, and
accordingly the weft and warp directions should be
determined. This product group can be used as the
main material or component in urban furniture in
park and garden applications, as well as in
personal products such as shopping bags.

This study, which develops an innovative material
to obtain value-added products by using
completely waste materials, also contributes to
solid waste management and supports the
understanding of sustainability.
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Abstract

In this study, waste tire rubber granules were used as filler material for the fabrication of polymer matrix
composite samples. The polyester resin which is one of the most preferred matrix materials and recycled
waste tire rubber granules were combined at varying ratios with the open molding method. The samples
were characterized experimentally by conducting tensile and hardness tests. The morphological properties
of the specimens were examined with scanning electron microscope images. The study revealed that the
addition of untreated waste tire rubber granules to polyester resin decreases the tensile and yield strength
values, while it causes to increase in elongation and ductility of the material. The morphological
examinations showed that waste rubber granules and polyester resin have poor interfacial adhesion and
thus the waste rubber granules should be properly treated to be used as filler material. The study indicated
that waste tire rubber granule/polyester composites can be used for non-structural applications with the
benefits of using less fossil sourced raw materials and contributing to the decrement of environmental
pollution.
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Atik Lastik Kaucuk Graniil/Polyester Polimer Matris Kompozitinin Cekme ve
Morfolojik Ozellikleri

Oz

Bu ¢alismada, polimer matrisli kompozit numunelerin {iretimi i¢in dolgu malzemesi olarak atik lastik
kauguk graniilleri kullanilmistir. En ¢ok tercih edilen matris malzemelerinden biri olan polyester regine
ile geri donistiirilmis atik lastik kauguk graniilleri agik kaliplama yontemi ile farkli oranlarda
birlestirilmistir. Numuneler, ¢ekme ve sertlik testleri yapilarak deneysel olarak karakterize edilmistir.
Numunelerin morfolojik 6zellikleri taramali elektron mikroskobu goriintiileri ile incelenmistir. Caligma,
polyester recineye islenmemis atik lastik kaucuk graniillerinin eklenmesinin ¢ekme ve akma dayanimi
degerlerini diigiiriirken, malzemenin uzama ve siinekliginin artmasina neden oldugunu ortaya koymustur.
Morfolojik incelemeler, atik kaucuk graniillerin ve polyester recinenin ara yiizey yapismasinin zayif
oldugunu ve bu nedenle atik kaucuk graniillerin dolgu malzemesi olarak kullanilmak {izere uygun sekilde
islenmesi gerektigini gostermistir. Calisma, atik lastik kauguk graniil/polyester kompozitlerinin, daha az
fosil kaynakli hammadde kullanilmasi ve g¢evre kirliliginin azalmasina katkida bulunmasi gibi faydalari

ile yapisal olmayan uygulamalarda kullanilabilecegini gostermistir.

Anahtar Kelimeler: Kompozit malzemeler, Atik kauguk, Mekanik 6zellikler, Polyester

1. INTRODUCTION

Today, it is a well-known fact that the population
of the world is increasing and thus the
consumption of goods and energy is increasing
exponentially. The limited sources of raw
materials and energy have been a major issue all
over the world. Since the raw materials and energy
sources are limited, it is very critical to employ
sustainable production [1]. One of the most
promising solutions for this problem is the
recycling of waste materials which has many
benefits both economically and environmentally
[2]. The recycled materials can be directly used to
produce new products or they can be employed as
the raw material in composite materials with
proper treatment. Composite materials have been
one of the most important material categories in
recent years. Composites have critical advantages
in comparison with conventional engineering
materials such as high specific strength and
modulus, good corrosion resistance, material
variety, and tailorable properties [3]. The variety
of products has significantly increased in the last
decades and parallel to this increment the demand
and need for new materials with discrete properties
have been inevitable. Composite materials can be a
combination of any type of conventional material
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with the aim of providing required material
specifications that are not possible with monolithic
materials. Especially, the applications where good
mechanical properties and low weight is needed,
composite materials are mostly preferred in
material selection processes. Polymer matrix
composites (PMCs) have a wider application area -
due to their relatively low cost and easier
production methods- than metal or ceramic matrix
composites. The most common matrix materials
are polyesters, vinyl esters, epoxies while the most
common reinforcement materials are glass, basalt,
carbon, and aramid fibers. Each type of matrix
material and reinforcement material has a
particular application area which is determined by
the product specifications.

Recently many researchers have been studied on
the fabrication and characterization of composite
materials with waste materials. There are many
types of waste materials that are studied by
researchers. The authors mostly focused on
particular type of wastes that are abundant and
have a high potential of environmental pollution
such as plastic wastes [4], construction/demolition
wastes [5], agricultural/food wastes [6], and
industrial wastes [7]. Besides those waste types,
tire wastes have started to get attention since every
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year tonnes of tire wastes which are one of the
alternative waste materials [8]. Currently, there are
some applications to reuse the tire wastes but the
ratio of reuse is not high enough for a sustainable
environment. Lately, many authors have studied
on using tire wastes in composite material
fabrication [9-14].

In this study, the effects of the matrix/filler ratio of
polyester/waste tire granule composites were
investigated experimentally. Polyester/waste tire
granule specimens were fabricated with 3 different
matrix/filler ratios and the specimens were
mechanically characterized.

2. MATERIAL AND METHODS

2.1. Materials

In this study, polyester resin and recycled waste
tire granules were used as matrix material and
filler material, respectively. In Table 1, the
technical properties of the polyester are given.
Methyl ethyl ketone peroxide (AKPEROX A60)
was used as a curing agent and Cobalt(I) 2-Ethyl
Hexanoate (AKCOBALT KXC6) was used as an
accelerator. The recycled waste tire granules were
obtained from a local supplier and they were used
with no modification.

Table 1. Technical properties of the polyester resin

(supplier data)
Type Polyester
Viscosity (cps) 350-450
Liquid

Monomer content (%) 38-42 Resi

- 3 esin
Density (gr/cm’) 1.1
Tensile strength (MPa) 65 Cured
Elongation at break (%) 2 Resin

2.2. Fabrication of the Samples

The specimens were fabricated with the open
molding method. To fabricate samples, firstly
accelerator (0.2% wt.) and polyester resin were
mixed and stirred to obtain a homogenous mixture.
Afterward, the recycled waste tire granules were
added to the mixture and stirred mechanically for
10 minutes. The hardener chemical (2% wt.) was
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added and 10 more minutes stirring was applied.
After the homogeneous mixture is obtained, the
mixture was poured into the open mold at room
temperature. The specimens were cured at room
temperature for 24 hours and after that, the
specimens were removed from the molds. The
specimen fabrication procedure was applied for
each specimen and the schematic of the fabrication
processes and testing is illustrated in Figure 1.

dJ Q0

Resin Resin Waste Tyre

l Granules
temperature for 24

!
hours

! l

!

Curing at room

specimens
after curing

Cut specimens
for mechanical

Sz , e
characterization

\ J
|

Evaluation of
filler material
effect on
polymer
matrix
Figure 1. Schematic = of the  experimental

fabrication and test procedure

4 different specimen types were prepared for the
experimental studies. The material ratios of the
specimens were given in Table 2. After the
fabrication processes, the tensile, impact and
hardness specimens were cut out from the samples.

2.3. Characterization of the Samples

The prepared specimens were experimentally
characterized to determine the effects of the filler
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ratios. Tensile tests were conducted with ALSA
Hydraulic (60 ton) mechanical testing device. The
dimensions of the tensile specimens were 250 mm
X 25 mm x 2.5 mm. The hardness values of the
specimens were determined with Vickers Micro-
Hardness test. 10 seconds dwell time and 0.3 kgf
of the load were used for the hardness tests. The
microstructures of the samples were examined
with the scanning electron microscope (FEI
Quante 650 FEG scanning electron microscope).

3. RESULT AND DISCUSSION

In Table 3, the tensile and hardness test results of
the specimens are given. The results revealed that
the addition of waste tires to polyester resin
decreased the tensile and yield strength of the
polyester resin while addition increased the
elongation. With the increment of the waste tire
granule amount, the strength values were further
decreased. Tensile strength of the polyester resin
was decreased 8.85%, 13.51%, and 16.19% for
100:5, 100:10, and 100:15 resin:waste tire granule
ratios, respectively.

Table 2. Material ratios of the experimental composite samples

Polyester
Resin
(P)

1 2 3
20 20 20

Specimen . Resin:waste
. . Resin .
designation tire granule
P 100:0
P-WTG5 100:5
Polyester
P-WTG10 100:10
P-WTG15 100:15

(P-WTGS5) (P-WTG10) (P-WTG15)

The decrement of the strength may be due to poor
interfacial interphase between the rubber granules
and the polyester matrix [15, 16]. The decrement
of the strength values is a critical disadvantage for
the application of these combination for a product.
But also, it should be emphasized that using waste
tire granule as a filler material for composite
material decreases the usage of polymeric resins

Table 3. Tensile test results

which are mainly fossil sourced raw materials. The
results show a decrement in strength values and
this indicates that these combinations are not
feasible for structural applications where good
mechanical properties are required. In addition to
this fact, this combination can be utilized in
applications where low cost and environmental
issues are the primary considerations.

Specimen Yield strength Tensile strength Elongation Tensile modulus
(MPa) (MPa) (%) (MPa)
P 51.46 62 1.95 3335
P-WTGS5 45.20 56.51 2.15 3210
P-WTG10 43.96 53.62 2.28 3250
P-WTGIS5 41.82 51.96 2.35 3270
The SEM images (Figures 2 — 5) of the specimens  breakage created significantly sharp faces.

after the tensile test were taken from the breaking
points. The SEM images provide insights into the
microstructures and the breaking mechanisms of
the specimens. From Figure 2, it can be seen that
the polyester resin has brittle nature and its
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However, from Figures 3 — 4, it can be seen that
the sharpness has been reduced with the addition
of the rubber granules. These images also explain
the increment of the elongation values with
additional rubber granules.
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(a) - | (b)

Figure 4. SEM image of P-WTG10 a-100 X, b-1000 X
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(b)

Figure 5. SEM image of P-WTG15 a-100 X, b-1000 X

4. CONCLUSIONS

In this study, waste tire rubber granules were used
as filler material to produce polymer matrix
composite samples. The polyester resin was used
as matrix material and three different ratios of
waste tire rubber granules were employed to
fabricate the experimental samples. The specimens
were fabricated with the open molding method.
Tensile and hardness tests were conducted to
determine the mechanical properties of the
specimens and SEM images were taken to examine
the microstructures of the specimens. From the
study, the following statements are concluded;

e  Waste tire rubber granules can be used as
filler material especially for non-
structural  applications since rubber
granule addition to polyester matrix
decreases the strength of the structure.

e Even the addition of waste tire rubber
granules to the structure weakens the
structure, but also it increases the ductility
of the material.

e Untreated waste tire rubber granules and
polyester matrix combination create poor
interfacial adhesion which should be
improved with proper treatment.

e Using waste tire rubber granules for
composite material fabrication is a
promising  alternative  solution  for
sustainable and environmental-friendly
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production by employing recycling and
decreasing usage amount of the fossil
sourced raw materials.
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Oz

Son zamanlarda ivime kazanmaya baslayan ve fiziksel sistemin sanal bir kopyasini olusturmakla ilgili olan
sistemler dijital doniisiim olarak adlandirilmaktadir. Dijital doniisiim verimliligi etkileyen ve rekabet
avantaji olusturan bir kavram haline gelmistir. Tim sektorlerde oldugu gibi havacilik sektoriinde de
rekabetin giderek artmasiyla dijitallesmenin dnemi giderek artmaktadir. Bu calismada, havaalanlarinda
kullanilan dijital doniisiim unsurlart incelenmis ve bu siireci etkileyen riskler ¢ok kriterli karar verme
araglarindan olan analitik ag prosesi yontemi ile incelenmigstir. Karsilasilan sorunlar ve nedenleri balik
kil¢1g1 diyagramu ile ortaya konmus daha sonra ortaya c¢ikan kriterler analitik ag prosesi yontemi ile 6nem
derecelerine gore siralanip degerlendirilmistir. Degerlendirmeler neticesinde multidisipliner bir ¢aligma
ortaminin olusturulmasinin havalimanlarindaki dijital doniisiimde biiyilk 6neme sahip oldugu sonucuna
ulagilmustir.

Anahtar Kelimeler: Dijital doniisiim, Risk, Analitik ag prosesi, Havaalani yonetimi.

Evaluation of Digital Transformation Risks at Airports

Abstract

Systems that have started to gain momentum recently and are concerned with creating a virtual copy of
the physical system are called digital transformation. Digital transformation has become a concept that
affects productivity and creates competitive advantage. As in all sectors, the importance of digitalization
is increasing with the increasing competition in the aviation sector. In this study, the digital
transformation elements used in airports were examined and the risks affecting this process were
examined with the analytical network process method, which is one of the multi-criteria decision-making
tools. The problems encountered and their causes were revealed with the fishbone diagram, and then the
criteria that emerged were ranked and evaluated according to their importance with the analytical network
process method. As a result of the evaluations, it was concluded that the creation of a multidisciplinary
working environment is of great importance in the digital transformation at airports.

Keywords: Digital transformation, Risk, Analytical network process, Airport management
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1. GIRIS

Son donemlerde dijital doniisiim hem Tiirkiye’de
hem de diinyada 6nemli konulardan biri haline
gelmistir. Bilgi teknolojilerinin biitiin stireglerde
uygulanmasi ile insan giicii en aza indirgenmis ve
ortaya ¢ikan yeni teknolojilerle insanlik yeni bir
caga dogru evrilmigstir. Etkinlik ve verimliligin
artmasini saglayan yapay zeka, sliper bilgisayarlar
ve robotlar gibi birgok yeniligin {retim
sektoriinden hizmet sektoriine hemen her alanda
etkili halde kullanilmasi dijital doniisim olarak
degerlendirilmektedir. Dijital doniisiim, dijitallesen
diinyanin hizin1 ve kolayhigmi giinlik yasama
tagimaya yardimct olmaktadir.

Dijital doniisiimden etkilenen sektdrlerden birisi de
havacilik  sektoriidiir. Havacilik  sektorii  ve
havalimanlarindaki dijital teknoloji uygulamalarini
arttirmak, havacilik operasyonlarinin  olumlu
yonde degismesi, yolcu deneyimleme kismi ve
ihtiyaglariin  giderilmesi ve havacilik  dist
gelirlerdeki artigin saglanmasi i¢in ¢ok onemlidir
[1]. Bunun yani sira dijital doniisiim beraberinde
Havacilik sekt6riinde de bazi riskler olusturmustur.
Olusan bu riskler igin ana sorunlarin tespiti ve
degerlendirilmesi gerekmektedir. Dijital doniisiim
sirecinde ve sonrasinda meydana gelebilecek
sorunlarin kok nedenine inmek ve olusabilecek
riskleri etkileyen kriterlerin tespiti biiyiilk onem
kazanmustir.

Yapilan calismada ilk olarak dijital doniisiimde
kargilagilan  riskler  ve  ilgili = caligmalar
incelenmigtir. Menshikova ve arkadaglar1 [2],
kalite yOnetim sisteminin dijital ekonomideki
doniisiimiiniin sorunlarmi ele almaktadir. Isletme
iizerinde dijital platform olusturularak kalite
yonetim sisteminin genel yOnetim sistemine
entegrasyonu Onerilmistir. Akmese [3], kamu
sektoriiniin  igerisinde oldugu dijital doniisiim
yolculugunun temel bilesenleri tartigmis ve i¢
denetimin siber giivenlik ve dijital giivence
alaninda organizasyona nasil katki
saglayabilecegini  degerlendirmistir. Karli  ve
Tanyas [4], akilli lojistikle ilgili yapilan
calismalarin sistematik bir derlemesini sunmuslar
ve literatiirdeki bosluklar1 ortaya koyarak bu
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alanda calisacak aragtirmacilara katki
saglamiglardir. Golciik [5], dijital doniigim
projelerinin risk degerlendirmesi i¢in aralikli tip-2
bulanik en iyi-en koti yontem ve algisal akil
yiiriitmeyi birlestirerek yeni bir risk degerlendirme
modeli sunmustur. Casey ve Souvignet [6], adli
laboratuvarlarin  hazirliklarina yardimer olacak
oneriler sunulmus ve bu riskleri yonetmek,
teknolojiyi etkin kullanmak ve nihayetinde adli
bilimleri giiclendirmek amaglanmistir. Dijital
doniigiimlerin risk yonetimine dijital adli tip
uzmanligiin dahil edilmesinin &nemine agirlik
verilmistir. Sokolov ve arkadaglari [7], dijital
doniisiim teknolojilerinin gelistirilmesinin
sonuglarini ¢evre ekonomisi agisindan incelemisler
ve dogal-endiistriyel sistemlerde risk yonetimini,
iklim  degisikligi  acisindan g6z  Oniinde
bulundurmuglardir.  Analizler, risk yollarinin
dogal-endiistriyel sistemler i¢in ydnetim, cevre
icinde iklim degisikligi ekonominin yeni
kavramlar1 nedeniyle dijital doniistimiin farkli
ozelliklerine sahip verilerin elde edilmesi ve
sunulmasini i¢cermektedir. Giraldo ve arkadaslari

[8], Kolombiya’da gelistirilen ticari dijital
doniisim  silirecini  ele alan vaka raporunu
icermektedir.

Havacilik sektoriinde yapilmis olan ¢alismalardan
biri olan Molchanova [9], ekonomik gerileme,
artan yakit maliyetleri ve artan miisteri talebinin
neden oldugu siddetli rekabet nedeniyle, hava yolu
sirketleri performanslarini ve miisteri tabanlarin
iyilestirmenin yeni yollarii aragtirmistir. Hava
tagimaciligmin  gelecegi,  sektordeki  dijital
doniisim tarafindan ydnlendirilecegini ortaya
koymustur. Zaharia ve Pietreanu [10], Romanya
Henri Coanda havalimaninin dijital doéniigimii igin
gerekli  ekipmanlarin  belirledigi  teknolojik
zorluklar1 analiz etmis ve check-in alani, giivenlik,
giimriik kontrolii, kalkis kontrolii ve yolcu yardim
hizmetleri i¢in ¢dziimler dnermistir. Siddiqui [11],
tam entegre bir akilli havalimani
kavramsallagtirmanin temellerini atmasi gereken
Havaliman1 Bilgi Yo6netim Sistemleri mimarisini
aciklamistir. Calisma, havayolu ve havaalani
sistemleri, havaalani bilgi teknolojisi ve yOnetim
sistemlerini  icermektedir = Biiyiikkozkan  ve
arkadaglar1 [12], bulanmik bilissel harita teknigini
analiz etmektedir.
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Dijital doniistimiin  etkilerinin  yogun olarak
gozlemlendigi sektorlerden biri olan havacilik
sektoril ele alinmistir. Rajapaksha ve Jayasuriya
[13], havacilik giivenligi, yolcu kolayligi,
operasyonel verimlilik ve smirli kaynaklari
optimize etme kilit alanlar1 altinda akilli
havaliman uygulamasinin avantajlarim
belirleyerek akademi ve endiistri alania katkida
bulunmuslardir. Akilli havalimani uygulamalari su
sekilde detaylandirilmistir;

 Akilli Check-in

* Self-boarding

* Dahili navigasyon

* Biometrik hizmetler

* Akillr giyilebilir cihazlar

* RFID bagaj etiketleri

* Self-bagaj etiketleme

» Kayip esya kiosklari

* Smnir denetleme

* Mobil cihazlar i¢in havaalani uygulamalari

Katerna ve Molchanova [14], Ukrayna’daki dijital
doniigiim siireglerine yonelik yasal ve diizenleyici
destegini analiz etmislerdir. Diinyanin 6nde gelen
havalimanlartyla  karsilastirilldiginda,  Ukrayna
havaalanlar1 ¢ok diislik diizeyde altyap1 gelistirme
seviyesine sahip ve modernizasyon planlar1 en son
dijital  teknolojilerin  tanitimimi  icermektedir
Camufiez 1 Guirao [15], havalimanlarinin
kapasitesini artirmak icin teknolojinin
kullanilmasini ~ Onermistir.  Dijital ~ doniisiim,
yolcularin ugakla seyahat ederken ge¢gmek zorunda
olduklar siireglerin isleme kapasitesini gelistirmek
icin  havalimanmma  bircok  olasi  ¢6zlim
getirmektedir. Artar ve Tiirkay [1], dijital doniigiim
araglarinin havacilik sektoriindeki yeri
havalimanlarindaki  dijital = doniisiim  stireci
anlatilmistir. Buna baglh olarak dijital doniigiim
araglar1, biiyiik veri gibi teknolojik gelismelerin
havacilik sektoriindeki uygulanma siireci, dijital
doniisiimiin havalimanlarindaki uygulanma
stiregleri ve bu teknolojileri kullanmakta olan 6
gelismis havaalan1 hakkinda toplanan veriler
arasinda karsilagtirma yapilmistir. Biiyiikézkan ve
arkadaglar1 [16], literatiirde ilk kez Onerilen
entegre bir SWOT tabanli bulanik AHP-MARCOS
metodolojisi yardimiyla farkli dijital doniigim
stratejilerini  belirlemeyi ve analiz etmeyi
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amaglamiglardir. Bu metodoloji, Tiirkiye'deki
havayolu endiistrisine iliskin bir vaka ¢aligmasi ile
dogrulanmistir. Biiyiikdzkan ve arkadaglari [17],
yeni bir dijital yetkinlik degerlendirmesini
tamtmislardir.  Onerilen  model,  teknoloji
doniistimii ve uygulamasini ayrica otuz alt kriter
ile olusum ve wuyum yonetimi boyutlarini
icermektedir. Kriter agirliklart IVIF AHP yontemi
kullanilarak hesaplanmistir. Sonuglar, en 6nemli
kriterin doniisiim oldugunu gostermektedir. Dijital
olarak en yetkin havayolu IVIF VIKOR
yontemiyle  secilmistir.  Onerilen  modelin
gecerliligini dogrulamak igin ilgili vaka caligmasi
Tiirkiye'de gergeklestirilmistir. Alpar, Erturgut ve
Alir [18], yeni bir kavram olan Smart Airports ya
da diger bir adiyla Airport 4.0. kavraminin literatiir
incelenmesini yapmiglardir. Caligma iki kisimdan
olusmaktadir. Ik kisimda bu kavramm tanimi
iizerine yapilan calismalar mevcut olup ikinci
kisimda havaalan1 Ornekleriyle kavramin pratik
sonuglar1 incelenmistir. Heiets ve arkadaslar1 [19],
anket yontemi kullanarak yolcularin bir ugusun
farkli asamalarinda uygulanan mevcut ve en son
dijital altyapilarla ilgili deneyimlerini
aragtirmislardir. Anket sonug¢larini nitel ve nicel
yontemler olarak analiz etmiglerdir. Anket verileri,
yas gruplart ve yillik ugus siiresi gibi farkli

gostergelere  dayali olarak  yolcularin  nasil
etkilendigini tartigmak i¢in kullanilmistir.
Calismada havaalanlarinda  kullanilan  dijital

doniisiim unsurlar1 incelenmis ve bu doniisiimde
ortaya ¢ikan riskler ¢ok kriterli karar verme
araclarindan olan analitik ag prosesi yontemi ile
degerlendirilmistir. Oncelikle dijital déniisiim
siirecinde karsilagilan ana sorunlar ve her bir sorun
icin kok nedenler balik kil¢ig1 diyagrami ile ortaya
konmus daha sonra ortaya ¢ikan kriterler analitik
ag prosesi yontemi ile 6nem derecelerine gore
siralanmugtir.

2. MATERYAL VE METOT

Gliniimiizde siirekli degisen hayat sartlari
yasamimizin her doneminde bircok alternatifle
karsilasmamiza neden olmustur. Bu alternatifler
arasindan en 1iyisini se¢gmek icin karar verme
asamasinda bir¢ok yontem mevcuttur.
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Alternatiflerin degerlendirilmesinde ¢ok kriterli
karar verme yontemlerinin uygulanmas: hem
isletme  kaynaklarimin  verimli  kullanilmasim
saglamakta hem de yoneticilere karar almada
biiyiik kolaylik saglamaktadir. Ozellikle birden
fazla kriterden olusan sorunlarin ¢éziimiinde karar

vermeye yardimcr  olan  birgok  yontem
bulunmaktadir. Bu ¢ok kriterli karar verme
teknikleri  karmasik  yapidaki  problemlerin

¢oziimiinde c¢ok genis kullanim alanina sahiptir.
Literatiirde en c¢ok karsilagilan ¢ok kriterli karar
verme teknikleri AHP (Analytic Hierarchy
Process), ANP (Analytic Network Process),
TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution)) PROMETHEE
(Preference Ranking Organization Method for
Enrichment Evaluaiton) ve ELECTRE
(Elimination and Choice Translating Reality) gibi
yontemlerdir [20-23]. Bu yontemlerden AHP ve
ANP karar vericilere en iyi alternatifi secerken
kriterleri hiyerarsik yapida ele almaktadirlar.
AHP’de ana kriterlere arasindaki tek yonlii iliskiye
bakilmaktayken, ANP’de ana kriterler arasindaki
iliskiler ve bu iliskilerin yonleri tanimlanmaktadir.
Her iki yontemde de  kriterlerin  ikili
karsilastirmalart1 mantigit aymidir ancak ANP
yontemi, AHP yonteminin daha genel bir formu
olarak karmasik problemlerin incelenmesine imkan
vermektedir.

Sebep-sonug diyagram: veya Ishikawa diyagrami
olarak da bilinen Balik kil¢ig1 diyagramlari, bir
etkinin veya problemin olasi sebeplerini arastirmak
i¢in olusturulan diyagramlardir. ilk defa Kaoru
Ishikawa tarafindan kullanilan bu diyagramlar
sonuglara neden olan sebepleri ortaya koymak ve
gorsellestirmek icin olusturulmaktadir [24].

Yapilan bu ¢alismada oncelikle dijital doniistimde
risklerin degerlendirilmesinde ilk adim olarak
kriterlerin belirlenmesi i¢in balik kilgigi diyagrami
kullanilmig daha sonra belirlenen kriterler
lizerinden analitik ag siireci analizi yapilmustir.

1.1. Analitik Ag Siireci
Cok kriterli karar verme ydntemlerinden biri olan

Analitik Ag Siireci 1996 yilinda Thomas L. Saaty
tarafindan ortaya atilmistir [25].
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ANP, sadece tek yonlii olarak degerlendirme
yapmamakta ayni zamanda karar vermede yer alan
tim  kriterler, alt  kriterler, igsel-dissal
bagimliliklari, birbirleri ile karsilikli etkilesimleri
ve geri beslemeleri dikkate alan model yapisina
sahiptir. Sekil 1°de tek yonlii hiyerarsik yapidaki
modelleme ile tek yonlii olmayan ag yapilari
modellemesi arasindaki farkliliklar
gosterilmektedir.

Digsal Bagimlilik

A\ |
(a) (b)

Sekil 1. Tek yonlii (a) ve tek yonlii olmayan (b)
hiyerarsik yapilar arasindaki fark [26]

ANP yonteminde oncelik vektorleri dogrusal bir
bi¢imde hesaplanmaktadir. Ana kriterler hem diger
kriterlere hem de kendi iglerinde bagimlidir. Ana
kriterlerin diger ana kriterlere bagimliligina dissal
bagimlilik, kendi igindeki bagimliliga igsel
bagimlilik denmektedir [26]. ANP yonteminde ana

kriterlerin iliskileri tanimlandiktan sonra bu
kriterlere etki eden tiim kriterler i¢in ikili
karsilagtirmalar yapilarak birbirlerine

iistiinliiklerine gore 6nem sirasi belirlenmektedir.

Analitik ag siireci yontemi asagidaki adimlardan

olugmaktadir:

e Problemin  tanimlanmasi ve modelin
olusturulmasi

o Ikili karsilagtirmalarin yapilmasi

e Siipermatrisin olusturulmasi

e En iyi alternatifin segilmesi.

Problemin tanimlanmasi ve modelin olusturulmasi;
bu asamada Analitik Ag Siireci yonteminde
oncelikle karar verme probleminin amact ve tim
kriterleri ortaya konur. Ana kriterler ve karar
verme  slirecine  dahil  olan  alternatifler
belirlenmektedir. Daha sonra bu kriterler
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arasindaki iliskiler ve iligkilerin tek yonlii veya cift
yonlii olmasina karar verilir. Kriterler arasindaki
cift yonlii etkilesimler ve dogrudan baglanti
olmayan kriterlerin birbirleri ile etkilesimleri ve
icsel bagimlilik, yontemde geri bildirime izin
vermektedir.

ikili  karsilastirmalarin  yapilmasi;  kriterler
arasindaki iliskiler belirlendikten sonra kriterlerin
ikili karsilastirmalar1 yapilir ve dncelikleri belirten
ikili karsilastirma matrisleri olusturulur. Bu ikili
karsilagtirmada Cizelge 1.°de Saaty tarafindan
olusturulan puan skalasi dikkate alinmaktadir [27].

Cizelge 1.1kili karsilastirmada kullanilan puan

skalasi
DERECELER | TANIM

1 Esit Onemli
3 Biraz Daha Fazla Onemli
5 Kuvvetli Derece Onemli
7 Cok Kuvvetli Derece Onemli
9 Asir1 Derece Onemli

2-4-6-8 Uzlagma (Ortalama) Degerler

ikili karsilastirmalar yapilirken karar vericilerden
olusan uzman grup degerlendirme yapmaktadir.
ikili karsilastirmalar yapildiktan sonra lokal
oncelik vektorii elde edilir. Lokal oncelik vektorii
A. W; =Apax. W; denkleminin ¢oziilmesi ile elde
edilmektedir. A ikili karsilagtirma matrisini, W;
Ozvektoril, A,., ise A matrisindeki en biiylik
ozdegeri ifade etmektedir. Ozvektor (W;) (Esitlik
1) ve Ajax (Esitlik 2)’den hesaplanmaktadir [27].

1 aij
w,= 1y U 1
2 n &Jj=1 2;1=1 ajj ( )
1 AW;
Anax= n Z?:l Wil (2)

Kargilastirma matrisleri olusturulduktan sonra her
matrisin tutarlilik orani (CR) hesaplanmalidir.
Burada CR=CI/RI olarak hesaplanmaktadir. CI
tutarhilik indeksi, RI ise rastgele tutarlilik indeksi
olarak ifade edilmektedir. CI degerleri ise
(Esitlik 3)’den hesaplanmaktadir [27].

Cl=tmax—n 3)

n-1
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Eger hesaplanan CR degeri 0,10 degerinden diisiik
ise ikili kargilagtirma matrisinin tutarli oldugu
sOylenebilir. Aksi taktirde karar verici uzman grup,
yapilan ikili karsilagtrmalar1 tekrar gdzden
gecirmelidir. Rastgele tutarlilik indeksleri ise Saaty
tarafindan olusturulan Cizelge 2.’de verilmistir [27].

Cizelge 2. Rastgele tutarlilik indeksleri
n 1 2 3 4 5 6 7 8
RI| 0 | 0 [058]0090]1,12]1,24]1,321,41
n 9 10 | 11 12 | 13 | 14 | 15
RI|1,45]1,49|1,51|1,54|1,56|1,57 1,59

Siipermatris olusturulurken; elde edilen
ozvektorler (lokal dncelik vektorleri) siipermatrisin
situnlarina yazilir. Burada siipermatris ikili
kargilagtirmadaki  iligkileri  gOsteren  pargali
matrislerden olugmaktadir. Bu matriste kriterlerin
hi¢ birisi bagka kriterden etkilenmiyorsa bu
durumda sitipermatrisin ilgili yerine sifir yazilir.
Agirliklandirilmamis matris olarak ortaya konan

sliper matriste matrisin  tim  siitunlarinda
normalizasyon yapilarak agirliklandirilmis
stipermatris haline ¢evrilir. Agirliklandirilmis

matris, slitun toplamlar1 bire esit hale getirilmis
matristir. Daha sonra kriterlerin birbiri tizerindeki
uzun siireli etkilerini belirlemek i¢in siiper matrisin
kuvveti alinarak limit siipermatris elde edilir.
Onem derecelerinin  bir noktada esitlenmesi
saglanir ve silipermatrisin (2n+1). kuvveti almir.
Burada n rastgele belirlenen biiyiik bir sayidir.

En iyi alternatifin secilmesi; elde edilen limit
stipermatriste tim kriterlerin 6nem agirliklari
belirlenmistir ve en yiiksek onem degerine sahip
kriter karar probleminde en 6nemli kriter olarak
belirlenmis olmaktadir.

3. BULGULAR VE TARTISMA

3.1. Havaalanlarinda Dijital Doniisiim
Risklerinin Analitik Ag Siireci Yontemi ile
Analiz Edilmesi

3.1.1. Problemin Tanimlanmasi

Havacilik sektoriinde yapilacak dijital doniistimler

yiiksek biitce gerektirmektedir. Dogru iyilestirme
yatirimin bosa gitmesini onleyecektir. Havaalani
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yoneticilerinin ~ hedefi  dijital  doniisiimleri
uygularken en az riskle siireci tamamlamaktir. Bu
ama¢ dogrultusunda; siireci etkileyen kriterlerin
ortaya konulup, risk barindiran kriterlerin
belirlenmesi 6nemli bir problemdir. Bu ¢aligmada,
Tirkiye’deki havaalanlarinda dijital doniistimleri
etkileyen risk faktorlerinin  belirlenip, risk
degerlendirmesi yapilmast amaglanmustir.
Calismanin adimlar1 Sekil 2’°de verilmistir.

Problemin tanimlanmasi

Kriterlerin ve alt kriterlerin belirlenmesi

Ag yapisinin olusturulmasi

Tutarlilik kontrolii

Onem derecelerinin hesaplanmasi

Alt kriterler arasindaki iliskilerin
belirlenmesi

Sekil 2. Uygulama adimlar1

3.1.2. Kriter ve Alt Kriterlerin Belirlenmesi

Kriter ve alt kriterler yapilan literatiir
caligmasindan ve havacilik sektériinde uzman
kisilerden alinan goriislerinden yararlanilarak balik
kilgigr  analiziyle  belirlenmistir.  Uzmanlar
havacilik alaninda faaliyet gosteren isletmelerde
calismakta olup 15-20 yil deneyime sahip
kisilerdir. Uzman goriigii aliminda beyin firtinasi
tekniginden yararlanilmistir. Balik kil¢ig1 analizi
sonucunda dijital donligim riskleri iletisim,
teknoloji, list ydnetim, insan kaynaklari, drgiitleme
fonksiyonu, sosyal ve kiiltiirel olarak 6 grupta
toplanmustir (Sekil 3). Yapilan analizle problemin
potansiyel nedenleri ve 6geleri ortaya konularak
analitik ag siireci uygulamasi yapmak i¢in kriter ve
alt kriterler olarak ele alinmigtir. Uygulamada 6
ana kriter ve 27 alt kriter kullanilmistir.

Orgiitleme fonksiyonunda yasanabilecek riskler:
Bir isletmenin amagclarin1  gergeklestirmesi
oniindeki riskler orgiitleme fonksiyonu
ilgilendirmektedir. Isletmenin is modelleri, fiziki
ve ekonomik sartlari, misyon-vizyon belirlenmesi
orgiitleme  fonksiyonu igerisindedir.  Dijital
donilisim i¢in belirlenen risklerden Orgiitleme

Orglitlermne Fonksiyonu | Sosyalwve Kiltlrel

| insan Kaynaklari

Uygun olmayan is
modelleri >
Fiziki altyap eksikligi

isteksiz davramis

eksikligi

Misteri givenligi
ve stand. eksikligi
S,

Misyon-vizyon eksikligi .
Veri givenligi

Ekonomik altyap yetersizligi Yetersiz miigteri yet.

— »

Kullanic egitim

Kullzmcilann
dénigiime direng
Edstermesi

—»

Kullanicilanin giiven eksiligi

Calisanlarin etkisiz kullanimi

Kullanicr tamimilanindaki problemler

Havaalanlarinda

ishirliklerinin Mimari

Surdurilebilirlik
-

Dijital D&nligtm
Riskleri

Strateji eksikligi

yetarsiz kalmasi entaoracunn
I

Multidisipliner
calisma eksikligi

Oryantasyon

Teknclaji Grin X
problemleri

alirmi

A
Uriin gelistirme

— i
eksikligi Karar

mekanizmalarinin

Kullanim gecikmesi

konusunda nitelik

Lider eksikligi

-
-
Geri donts given eksikligi

-
-+

Koordinasyon eksikliginin olmasi

A

Bilgi paylasiminin yetersizligi veya gecikmesi

eksikligi
———

iletisim | | Teknoloii | | Ust Yénetim

Sekil 3. Kriter ve alt kriterlerin balik kilgiginda gosterilmesi
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fonksiyonunu ilgilendiren kriterler bu ana kriter
altinda toplanmustir.

e Ol: Dijital doniisime uygun olmayan is
modelleri

e O2: Fiziki altyap1 eksikligi

e 03: Dijitallesme  siireclerinde  vizyon
eksikligi
e 04: Ekonomik yapmin alt yapiy1

diizenleyebilecek yeterlilikte olmamasi

Insan kaynaklari alanindaki riskler: Dijital
doniigiimiin hedefi insan giiclinii azaltmak olsada
gecis silirecinde insan kaynakli riskler oldukca
fazladir. Insan kaynaklarim etkileyen bu riskler bu
ana kriter altinda toplanmistir.

e [Il: Kullanicilarin egitim ve interdisipliner
yaklagim eksikliklerinin olmast

e [2: Kullanicilarin dijital doniisiimlere direng
gostermesi

e [3: Kullanicilarin dijital sistemlere giiven
eksikligi yasamasi

e I4: insan kaynaklarmin etkisiz kullanimi

e I5: Kullanict tanimlarindaki problemler

Sosyal wve Kkiiltiirel riskler: Havalimanlarinda
yolculardan kaynakli riskler bu kriter altinda
toplanmustir.

e S1: Dijital
davraniglar

teknolojilere karst  isteksiz

e S2: Misteri giivenligi ve standartlarmin eksik
olmast

e S3: Veri giivenliginin olmamasi

e S4: Yetersiz miisteri yetkisi

Ust Yonetim ile alakali riskler: Dijital ddniigiim
stirecinde karar ve planlar ile ilgili riskler bu kriter
altinda toplanmuistir.
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e  Ul: Strateji eksikligi
e U2: Lider eksikligi

e U3: Dijital doniigim siirecindeki  geri
doniislere duyulan giiven eksikliginin olmast

e U4: Koordinasyon eksikliginin olmasi

e US5: Dijitallesme siirecinin hem finansman
hem de politika olarak siirdiiriilebilir bir
bicimde yiiriitiilememesi

e U6: Yoneticilerin  bilgi  paylasiminin
yetersizligi ve gecikmesi
e U7: Yoneticiler arasinda oryantasyon

probleminin olmasi

e US8: Karar mekanizmalarinin gecikmesi

Teknoloji alanindaki riskler: Dijital doniisiimde
teknolojinin kullanimi ve uygulanmasi ile ilgili
riskler bu kriter altinda toplanmustir.

e TI1: Mimari entegrasyon

e T2: Teknoloji iirtin alim1

e T3: Uriin gelistirme eksikliginin olmas1

e T4: Teknoloji kullanimi konusunda nitelik
eksikligi

Iletisim alanindaki riskler: Iletisim ile alakal
riskler bu kriter altinda toplanmustir.

e L1: Taraflar iliskilerde kendi ¢ikarlarinm
diisiinmeleri sebebiyle ig birliklerinin yetersiz
kalmast

e L[2: Multidisipliner c¢alisma  yapisinin
olusturulamamasi

3.1.3. Analitik Ag Yapisimin Olusturulmasi

Problemin ag yapisinin kurulmasinda uzman
gorliglerinden yararlanilmigtir.  Super Decision
paket programina veri olarak ikili karsilagtirma
matrisleri girilmigtir. Sekil 4.’de problemin elde
edilen ag yapisi verilmektedir. Tiim ana kriterler
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kendi igerisinde etkilesim halindedir. Ust yonetim
ana kriterinin diger tiim ana kriterler ile iliskisi
oldugu goriilmektedir.

Orgutleme

A

insan Kaynaklan > Ust Yonetim

Sosyal ve Kiltirel Teknoloji

orgiitleme fonksiyonundaki en yiiksek Oneme
sahip alt kriter fiziki altyap: eksikligidir. Insan
kaynaklar1 ana kriterinde kullanicilarin egitim ve
interdisipliner yaklasim eksikliklerinin olmasi
yiiksek énem derecesine sahiptir. Ust yonetim ana
kriterinde strateji eksikligi en Onemli alt kriter
olarak bulunmustur. Iletisim ana kriterinde
multidisipliner calisma yapisinin
olusturulamamasi, isbirligi  kurulamamasindan
daha onemli bir alt kriterdir. Sosyal ve kiiltiirel
riskler igerisinde dijital doniisiimlere karsi
isteksizligin en Onemli alt kriter oldugu
goriilmektedir. Son olarak teknoloji alanindaki
risklerde en Onemli alt kriter mimari
entegrasyonun uyumu oldugu goriilmektedir.

- Cizelge 4. Alt kriterlerin 6nem dereceleri
lletisim A.kriter | Onem A. kriter Onem
Sekil 4. Kriterler arasindaki ag yapist kodu derecesi kodu derecesi
o1 %11 Ul %39
3.1.4. Tutarhlik Kontrolii 02 %66 U2 %21
S Decisi ket l i 03 %S5 U3 %4
uper ecision paket programiyla yapilan
analizler sonucunda karsilastirmalarda tutarsizlik 04 %18 U4 %12
olmadigi goriilmiistiir. Cizelge 3’de tutarhilik 11 %50 Us %9
oranlar1 gosterilmektedir. 2 %19 U6 %7
0, o
Cizelge 3. Ana kriterlerin tutarlilik oranlar 13 %013 U7 05
. Tutarhhk 14 %13 U8 %3
Ana kriterler orami 15 %5 L1 %15
Orgﬁtlerpc fonksiyonunda 0.04905 Tl %63 S1 %52
yasanabllecek riskler T2 %22 S 4,23
Insan kaynaklar1 alaninda 0.08791 5 5
yasanabilecek riskler ’ T3 %10 S3 %17
Sosyal ve kiiltiirel riskler 0,08916 T4 %5 S4 %08
Ust yonetim ile ilgili riskler 0,09259 L2 %85
Teknoloji alanindaki riskler 0,09003
Iletisim alanindaki riskler 0,00000 3.1.6. Alt Kriterler Arasindaki Iliskilerin
Belirlenmesi

3.1.5. Onem Derecelerinin Hesaplanmasi

ikili karsilastirma matrisleri analiz edilerek
bulunan  6nem  dereceleri  Cizelge 4.’te
verilmektedir. Onem dereceleri yiizdelik olarak
gosterilmistir. Cizelge 4.’te de goriildiigi iizere
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Alt kriterlerin farkli ana kriterlerdeki alt kriterlerle
olan iligkileri Sekil 5.’te verilmistir. Sekilde dijital
doniisiime uygun olmayan is modellerinin; strateji
eksikligi ve mimari entegrasyonla iligkili oldugu
goriilmektedir.
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I1

e\

A vany NN p
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A‘mr ‘F‘,‘w XY

Ul U2 U3

Sekil 5. Alt kriterler arasindaki iliski

4. SONUC

Dijital
hatalar1

ile hedeflenen,
insan gilicliniin

doniisim  ¢alismalari
en aza indirgeyen
azaltildigt  ortamlarin  olusturulmasidir. Bu
calismada, dijital donlisime uygun olan
havalimanlarinda doniisiimde karsilagilabilecek
riskler degerlendirilmeye calisilmustir. ilk olarak,
yapilan literatiir caligmasi ile elde edilen bulgular
balik kilgig1 yontemiyle analiz edilip dijital
doniigiimde etkili olan risk faktdrlerinin ortaya
¢ikarilmasi: saglanmistir. Elde edilen faktorler
analitik ag siireci yontemine uygun olarak ana
kriterler ve alt kriterler olarak gruplandirilmustir.
Uzman gorisleriyle elde edilen karsilastirma
matrisleri paket programa veri olarak girilerek ag
yapist olusturulmus, 6nem dereceleri ve iliskileri
belirlenmistir.

Multidisipliner ¢alisma ortaminin olusturulmast
havalimanlarindaki dijital doniisimde en yiiksek
O6nem derecesine sahip olan alt kriter olarak
bulunmustur. Dijital doniistime gegiste
multidisipliner bir ¢alisma ortami saglandiginda
bir sonraki risk faktorii fiziki altyap:r eksikligi
olarak karsimiza ¢ikmaktadir. Havalimanlarinin
fiziki sartlarimin  doniistim risk  kriterlerinin
basinda geldigi goriilmektedir. Fiziki altyap:

C. U. Miih. Fak. Dergisi, 37(3), Eyliil 2022

eksikliginin olmadig1 veya giderildigi ortamlarda
bir sonraki risk kriterinin kullanicilarin egitim
eksikliklerinin ve dijital doniigiimlere karst direng
gosterme ihtimallerinin oldugu ortaya
¢ikmaktadir. Gegis siirecinin saglam bir stratejiyle
yapilmasit riski azaltacaktir. Dogru stratejinin
uygulanmasi {iist yonetimin sorumlulugundadir.
Bu nedenle dijital doniislime geciste st
yonetimin biiyiik bir rolii bulunmaktadir.

Alt kriterler arasindaki iligkiler incelendiginde;
insan kaynaklarinin tiim diger alt kategorilerle
baglantil oldugu gériilmektedir. letisim alaninda
yasanabilecek risklerin biiylik c¢ogunlukla {ist
yonetimle alakali kriterlerle baglantili oldugu
saptanmustir. Sosyal ve kiiltiirel alanlarla ilgili
riskler daha ¢ok kendi igerisinde etkilesimli
oldugu goriilmektedir.

Caligma sonucunda ortaya konulan riskler
degerlendirerek yapilacak dijital doniisiimler gegis
siirecini  kolaylagtirabilecegi  diisiiniilmektedir.

Gelecek g¢aligmalarda kullanilan metodoloji farkli
sektorlere de uygulanabilir. Yapilan bu c¢alisma

Tiirkiye’deki havaalanlari igin
degerlendirildiginden farkli tilkelerdeki
havaalanlar1  i¢in  entegre  edilerek  risk
degerlendirilmesi yapilabilir.

789



Havaalanlarinda Dijital Doniisiim Risklerinin Degerlendirilmesi

5. KAYNAKLAR

1.

10.

790

Artar, O., Tirkay, U.., 2021. Havacihk
Sektoriinde Havalimanlarinin Dijital
Dontisimii. Working Paper Series, 2(1),
86-97.

Menshikova, M.A., Piunova, Y.V., Makhova,
M.N., 2019. September. Digital
Transformation in the Quality Management
System. In 2019 International Conference
“Quality  Management, Transport and
Information Security, Information
Technologies” (IT&QM&IS), IEEE, 42-46.
Akmese, S., 2020. Kamuda Dijital
Doniisiimiin =~ Siber Giivenlik ve Dijital
Giivence Boyutlar1 ve I¢ Denetimin Rolii.
Denetisim, (20), 108-119.

Karli, H., Tanyas, M., 2020. Lojistik
Yonetiminin Dijital Doniigiimii: Akilli Lojistik
Uzerine Sistematik Literatiir Haritalamasi.
Optimum Ekonomi ve Yonetim Bilimleri
Dergisi, 7(2), 613-632.

Golciik, 1., 2020. An Interval Type-2 Fuzzy
Reasoning Model For Digital Transformation
Project Risk Assessment. Expert Systems with
Applications, 159, 113579.

Casey, E., Souvignet, T. R., 2020. Digital
Transformation Risk Management in Forensic
Science Laboratories. Forensic ~ Science
International, 316, 110486.

Sokolov, A.G., Abramov, V.M., Istomin, E.P.,
Korinets, E.A., Bolshakov, V.A., Vekshina,
T.V,, 2020. September. Digital
Transformation of Risk Management for
Natural-industrial Systems while Climate
Change. In IOP Conference Series: Materials
Science and Engineering, 940(1), 012003.
Giraldo, S., la Rotta, D., Nieto-Londofo, C.,
Vasquez, R.E., Escudero-Atehortaa, A., 2021.
Digital Transformation of Energy Companies:
A Colombian Case Study. Energies, 14(9),
2523.

Molchanova, K., 2020. A Review of Digital
Technologies in Aviation Industry. Logistics
and Transport, No 3-4 (47-48), 69-77.

Zaharia, S.E., Pietreanu, C.V., 2018.
Challenges in Airport Digital Transformation,
Transportation Research Procedia, 35, 90-99.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Siddiqui, F.M., 2019. April. Digital
Transformation of Modern Airports by
Exploiting Fog as a Service Model. In 2019
Integrated Communications, Navigation and
Surveillance Conference (ICNS), 1-11.
Biiyiikozkan, G., Feyzioglu, O., Havle, C.A.,
2019. October. Analyzing Success Factors of
Digital Transformation in Aviation Industry
Using Fuzzy Cognitive Map Approach. In
2019 3" International Conference on Data
Science and Business Analytics (ICDSBA),
124-128.

Rajapaksha, A., Jayasuriya, N., 2020. Smart
Airport: A Review on Future of the Airport
Operation. Global Journal of Management and
Business Research, 20(3), 25-34.

Katerna, O.K., Molchanova, KM., 2020.
Digital Transformation of Aviation Industry in
Ukraine. EKOHOMIKA 1 VYIIPABJIIHHA,
53-63.

Camufez 1 Guirao, A., 2021. Digital
Transformation at Airports: The Impact of the
BIM and the Iot Technologies on the Airport
Environment (Master's Thesis, Universitat
Politécnica de Catalunya), 59.

Biiyiikozkan, G., Havle, C. A., Feyzioglu, O.,
2021a. An Integrated SWOT Based Fuzzy
AHP and Fuzzy MARCOS Methodology for
Digital Transformation Strategy Analysis in
Airline Industry. Journal of Air Transport
Management, 97, 102142.

Biiyiikozkan, G., Havle, C.A., Feyzioglu, O.,
2021b. Digital Competency Evaluation of
Low-cost Airlines Using an Integrated IVIF
AHP and IVIF VIKOR Methodology, Journal
of Air Transport Management, 91, 101998.
Alpar, M.O., Erturgut, R., Alir, E.A., 2021.
Havalimam Isletmeciliginin Gelecegi Uzerine
Bir Inceleme: Airport 4.0 ve Akl
Havaliman1 Uygulamalari. 1st International
Eurasian Conference on Educational &Amp;
Social Studies (IECES2021), Tiirkiye.

Heiets, 1., La, J., Zhou, W., Xu, S., Wang, X.,
Xu, Y., 2022. Digital Transformation of
Airline Industry, Research in Transportation
Economics, 92, 101186.

Antmen, Z.F., Mig, P., 2018. Cocuk Yogun
Bakim Unitesinde Cok Kriterli Karar Verme
ile Mekanik Ventilator Se¢imi ve Bir

C. U. Miih. Fak. Dergisi, 37(3), Evlil 2022



21.

22.

23.

24.

25.

26.

217.

Uygulama Ornegi. Cukurova Universitesi
Miihendislik-Mimarlik  Fakiiltesi ~ Dergisi,
33(4), 17-30.

Mig, P., Antmen, Z. F., 2019. A Healthcare
Facility Location Selection Problem with
Fuzzy TOPSIS Method for a Regional
Hospital. Avrupa Bilim ve Teknoloji Dergisi,
16, 750-757.

Isik, M., Dagsuyu, C., 2020. Bir Uretim
Isletmesinde Departmanlarin Analitik
Hiyerarsi Prosesi Yontemi ile Ergonomik
Analizi. Bitlis Eren Universitesi Fen Bilimleri
Dergisi, 9 (3), 1231-1241.

Mig, P., Antmen, Z.F., 2021. A Decision-
Making Model Based on TOPSIS, WASPAS,
and MULTIMOORA Methods for University
Location Selection Problem. SAGE Open,
11(3).

Ishikawa, K., 1984. Quality Control in Japan,
In The Japanese Approach to Product Quality,
1-5.

Saaty, T.L., 1996. Decision Making with
Dependence and Feedback: The Analytic
Network Process, Pittsburgh: RWS
publications, 4922(2).

Niemira, M.P., Saaty, T.L., 2004. An Analytic
Network Process Model for Financial-crisis
Forecasting,  International =~ Journal  of
Forecasting, 20(4), 573-587.

Saaty, T.L., 1990. How to Make a Decision:
The Analytic Hierarchy Process. European
Journal of Operational Research, 48(1), 9-26.

C. U. Miih. Fak. Dergisi, 37(3), Eyliil 2022

Fatma Seyma YUKSEL, Olcay KALAN, Melek ISIK

791



792 C.U. Miih. Fak. Dergisi, 37(3), Eyliil 2022



Cukurova Universitesi Miihendislik Fakiiltesi Dergisi, 37(3), ss. 793-802, Eyliil 2022
Cukurova University Journal of the Faculty of Engineering, 37(3), pp. 793-802, September 2022

Performance of Machine Learning Methods in Location-Based
Prediction

Nuh Mehmet OZMERDIVENLI', ORCID 0000-0002-0854-2280
Murat TASYUREK?, ORCID 0000-0001-5623-8577
Serhat HIZLISOY “2, ORCID 0000-0001-8440-5539
Bahatdin DASBASI’, ORCID 0000-0001-8201-7495

'Kayseri University, Department of Calculated Sciences and Engineering, Kayseri
*Kayseri University, Faculty of Engineering, Architecture and Design, Department of Computer
Engineering, Kayseri
*Kayseri University, Faculty of Engineering, Architecture and Design, Department of
Engineering Basic Sciences, Kayseri

Gelis tarihi: 25.05.2022  Kabul tarihi: 23.09.2022

Anf sekli/ How to cite: OZMERDIVENLI, N.M., TASYUREK, M., HIZLISOY, S., DASBASI, B., (2022).
Performance of Machine Learning Methods in Location-Based Prediction. Cukurova Universitesi,
Miihendislik Fakiiltesi Dergisi, 37(3), 793-802.

Abstract

Thanks to the technological developments that have taken place in recent years, the number, variety and
quality of the data obtained using IoT (Internet of Things) sensors have been increasing. Data obtained
from IoT sensors have been used in many scientific fields such as land use, climate change, vegetation
analysis and air quality forecasting. In this study, a location-based spatial analysis application was carried
out using the data obtained from IoT sensors with machine learning. With this application, the average
temperature information of the station was estimated with Artificial Neural Network (ANN), Random
Forests (RF), and Support Vector Machines (SVM) methods using daily average humidity, average
pressure, and station altitude information on real datas of Kayseri acquired from the Turkish State
Meteorological Service, and then performances of the methods were compared. In the experimental
evaluations, the ANN, RF and SVM methods obtained an average of 0.83, 0.75 and 0.50 R? values. The
ANN method outperformed the RF and SVM methods in location-based temperature estimation.
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Konum Tabanh Tahminde Makine Ogrenme Yontemlerinin Performanslar
Oz

Son yillarda meydana gelen teknolojik gelismeler sayesinde IoT (nesnelerin interneti) sensdrleri
kullanilarak elde edilen verilerin sayisi, ¢esitliligi ve niteligi artmaktadir. IoT sensorlerinden elde edilen
bu veriler arazi kullanimi, iklim degisikligi, bitki ortiisiiniin incelemesi ve hava kalitesi tahmini gibi
birgok bilimsel alanda kullanilmaktadir. Bu calismada, IoT sensorleri iizerinden elde edilen verileri
makine dgrenmesi yontemi ile kullanilarak konum bazli mekénsal analiz uygulamasi gergeklestirilmistir.
Bu uygulama ile Meteoroloji Genel Midiirliigli’nden alinan gercek veriler igerisinden Kayseri ilinet ait
giinliik ortalama nem, ortalama basing ve istasyon rakim bilgisi kullanilarak istasyonun ortalama sicaklik
bilgileri Yapay sinir ag1 (ANN), Rasgele orman (RF) ve Destek vektor Makineleri (SVM) algoritmalari
ile tahmin edilerek yontemlerin performanslar1 karsilagtirilmistir. Deneysel degerlendirmelerde ANN, RF
ve SVM yontemleri ortalama 0,83, 0,75 ve 0,50 R? degeri elde etmistir. ANN yontemi konum bazl

sicaklik tahmininde RF ve SVM yontemlerine gore daha iistiin performans gostermistir.

Anahtar Kelimeler: Konum tabanli tahmin, Mekansal veri, Makine 6grenmesi

1. INTRODUCTION

Data mining is applied in a large-scale data group
to find the information that the researcher wants to
discover in the study area. The classification and
regression algorithms applied to obtain the desired
information, analyze the data set within certain
rules. With the increase in the processing power of
computers and the ease of accessing large amounts
of data due to technological developments,
analysis processes using machine learning
algorithms have become frequently used in
scientific studies [1].

All data containing location information can be
called spatial data and configured in vector, line,
and point formats and raster (image) types. Raster
data are mainly obtained from remote sensing
system sensors. With remotely sensed systems,
data sets can be created in areas such as forestry,
agriculture, geology, natural resources, land cover
detection, land management plans, illegal structure
detection, destruction of forests, and natural
protected areas. In addition, meaningful
information can be obtained from these datas with
classification methods.

794

Another important subject of the remote sensing
discipline is to produce maps representing different
earth features with the help of the datas obtained
[2]. In addition, in the last 20 years, plant species
and plant production areas have been successfully
estimated with the help of various classification
and estimation techniques using the data obtained
by remote sensing [3]. With the increasing use of
information systems, the need for up-to-date
spatial data has emerged, and data obtained from
sensors by remote sensing method has become
more preferred than traditional methods [4]. There
is a great increase in the amount of data produced
and collected for spatial applications. For all these
reasons, the remote sensing discipline needs
machine learning algorithms to analyze multi-
dimensional data.

In the literature, there are many studies in which
machine learning algorithms are used to classify
spatial data and for location-based prediction [4,6-
12].

When the studies in the literature are examined as
a location-based estimation method, Zolfaghari et
al. [13] estimated Atterberg limits and indices to
examine the use of soil and environmental data in
113 spatial locations using artificial neural network
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(ANN) models at the western Iran basin scale.
Hong et al. [14] calculated the landslide
susceptibility indices by using the landslide
inventory data containing 282 landslide locations
with support vector machine (SVM) to create a
landslide susceptibility map in Luxi city, Jiangxi
province, China. Dharumarajan et al. [15] used the
random forest model (RF), referencing 116
different spatial points, to predict the spatial
variation of major soil features in the
Bukkarayasamudrum Mandal in  Anantapur
district, India.

In this study, first of all, random forest algorithms,
support vector machines, and artificial neural
networks, which are some of the machine learning
algorithms used for spatial data analysis, are
introduced. Then, the performance of these
methods was examined by using real data from the
Meteorological Service. Finally, by using the daily
average humidity, average pressure and station
altitude data, the average temperature information
of the station was estimated by ANN, RF, and
SVM methods and their performances were
compared.

2. MACHINE LEARNING
ALGORITHMS FREQUENTLY
USED IN LITERATURE FOR
SPATIAL DATA ANALYSIS

In this section, some machine learning algorithms
used for spatial data analysis are introduced.

2.1. Random Forest Algorithm

The Random Forest (RF) algorithm is a machine
learning algorithm that creates decision trees by
dividing the data into multiple subgroups. It is
frequently used in the literature because it is fast
and easy to apply in classifying spatial data [16].
With this method, multiple decision trees are
created, and then predictions are produced for each
decision tree. The classification process is
performed by using the output result of the
majority of the decision trees created. The data sets

C. U. Miih. Fak. Dergisi, 37(3), Eyliil 2022

used in this method are randomly selected from the
data set, and each is a subset of the data set. It is
extreme against the over-fitting problem, as
different and multiple data sets are used with the
RF algorithm [17].

In the Random Forest algorithm, the user has to
determine the number of trees (N) and the number
of variables (m) used when creating tree structures
[18].

After determining the relevant variables, samples
are created from the training data, and tree
formation is started for each sample. The best
branching is determined with m randomly selected
variables at each node.

If there is no separate data set for the test, 2/3 of
the training data set is used as training data (in the
bag), and 1/3 is used as test data (Out-of-Bag
(OOB)) [19].

f(C,-,T)](f(C,-,T)J
- (1)
REAS

CART (Classification and Regression Tree)
algorithm is used for this process. The CART
algorithm uses the GINI index given in Equation
(1) to determine the best branch [8].

In Equation (1), T represents the training dataset,

C; represents the class to which the pixel belongs,

f(c, 1)
IT|

and represents the probability that the

selected pixel belongs to the C; class. The purpose
of using the GINI index is to determine the
homogeneity of the samples at each node. The
algorithm selects the variable with the smallest
GINI index calculated according to the randomly
selected variables at each node, passes to the other
node, and ends the branching if this index is zero
[19]. In short, nodes are divided into branches, and
tree structures are created according to the division
criteria determined using the training data.
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Figure 1. Diagram of random forest algorithm

2.2. Support Vector Machine

Support Vector Machine (SVM) algorithm is a
machine learning algorithm used to separate data
belonging to different classes from each other [20].
It is frequently used in spatial studies because it
can classify high-dimensional hyperspectral data
using limited training data [16]. Classification of
both linear and non-linear data is possible using
Support Vector Machines. For linear data, firstly,
the boundary that will separate the two classes
from each other is determined. Then, the decision
limits on both sides of this border, called margin,
are determined. The purpose of this algorithm is to
make the distance between the decision boundaries
as high as possible.

The classification process in nonlinear data is done
by making the data set linear using kernel
functions and then determining the most
appropriate hyperplane. Kernel functions allow
separating nonlinear separable support vectors
using a linear plane [21].
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Kernel functions are used to determine hyper-
planes for the classification of remotely sensed
datas with non-linear data characteristics with
Support Vector Machines. Although many kernel
functions have been defined in the literature, the
radial basis function (RTF) is the most preferred
kernel function due to its efficiency in problem-
solving and its high classification accuracy [22].

SUPPORT
VECTOR

z
A

MARGIN

SUPPORT
.“' VECTOR l

e X
r

Figure 2. General representation of the SVM
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Table 1. Kernel Functions that are frequently used for SVM in the literature

Kernel Functions Formula

Description

Linear Kernel K(x,y)=xy

Polynomial Kernel

K(xy)=(xy)+1)"

d, Polynomial Degree

Radial Based Function Kernel

A

K(x,y)=e

v , Size of Gauss Kernel

Sigmoid Kernel

K(x,y)=tanh(b(x.y)+r)

b,r Kernel Parameters

2.3. Artificial Neural Networks

The artificial Neural Networks (ANN) model,
inspired by biological neural networks, is
frequently used in science and engineering
problems. Neural networks consist of artificial
units called neurons that work together to solve
complex problems. The most basic task of the
Artificial Neural Network is to determine an
output set that can correspond to a given input set.

Wi
X1

Wa
X2 Ir

X3
3

W

3 f

]

QUTPUT

ACTIVATION FUNCTION

*n

Figure 3. Basic steps of artificial neural network

In the ANN model shown in Figure 3; (x; Xa,...,Xs)
represent inputs, (W;Wa,...,W,) represent the

weights of these inputs, b represent bias value ve f
represents the decision function.

The weight values are automatically changed
according to the specified learning rule by giving
output values against a given set of inputs. In
Artificial Neural Network architecture, the
activation function is an important parameter that
affects the accuracy of the system. The most used
activation functions in the classification of
remotely sensed datas are Log-Sigmoid and
Hyperbolic Tangent [23].

An artificial neural network structure consists of 3
layers: input layer, hidden layer, and output layer.
The flow of data entering the network is towards
the output layer. The information transmitted from
the input layer to the hidden layer is weighted here
and transferred to the output layer. In the output
layer, the result values are reached [23]. The most
widely used method for training networks is
backpropagation learning [24]. During the training,
the weights are updated until the stopping criterion
is reached, enabling the cost function of the data
set to achieve the best result. In this method, the
errors progress from the input to the output by
decreasing.

Table 2. The most used activation functions in classification

Activation Function Formula Graphical Display
o
| el
Log-Sigmoid y= — -
I+e [i]
_____________ ogaane
a
____________ s T
. l-e™
Hyperbolic Tangent Y= —— =
l+e™ —-/l o

C. U. Miih. Fak. Dergisi, 37(3), Eyliil 2022

797



Performance of Machine Learning Methods in Location-Based Prediction

WEIGHTED
LINKS

#OFEERE Ry El L]
r . . . . CALCULATED TRUE

: : P OUTPUTS OUTPUT
g _’ w ® : ----------- .
L] - - w
] - - w
1] &
> : : :
& ‘ = =
L] & \ & ®

» L) L) u : LI ] O I ) :

& . . £ NETWORK

. . . . ERROR

LR R R B LR ) @ wow o #

T UPDATING
WEIGHTS
INPUT HIDDEN OUTPUT
LAYER LAYER LAYER
Figure 4. A feed forward backpropagation artificial neural network
3. APPLICATION each station. In this way, a special formula has

In this part, the performance of the methods is
examined by using real data obtained from the
Meteorological Service. The average temperature
information of the station was estimated by ANN,
RF, and SVM methods using daily average
humidity, average pressure, and station altitude
information. Each model was run separately for

been produced for each location (the station's
location where the station is located). The
information on the meteorology stations used
within the scope of this study is presented in
Table 3. The view of the locations in the real world
on the two-dimensional map plane is shown in
Figure 5.

Table 3. Dataset for each station used in the application

Station No | Station Name Altitude Latitude | Longitude
17836 Develi 1204 38.3744 35.4797
17195 Kayseri Erkilet Airport 1053 38.7730 35.4908
17196 Kayseri Region 1094 38.6870 35.5000
18148 Kocasinan / Yamula Dam 1075 38.9028 35.2695
17840 Sariz 1599 38.4781 36.5035
18207 Yesilhisar 1141 38.3408 35.0875
17837 Tomarza 1402 38.4522 35.7912
18149 Melikgazi /Erciyes Ski Center 2210 38.5428 35.5244
17802 Kayseri / Pinarbasi 1542 38.7251 36.3904
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Kayseii Erkilet Airport 3

Kayseri Kayseri / Pinarbasi

Kayseri Region - Tals
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Figure 5. Locations of stations on the map

In the experimental evaluations, the temperature
information of the station was estimated by using
the altitude, pressure, and humidity information for
each station using ANN, SVM, and RF methods.
For each station, approximately %80 of the data in
the dataset was used as a training set and %20 as
the test set.

Here, n is the number of samples in the dataset, y;
is the actual value, y is the value predicted by the
model and y is the average of the values predicted
by the model. The fact that the R’value is close to

1 indicates that the proposed model finds the
relationship between the input data and the output

data at the maximum level. If this value is close to
0, it is understood that the proposed method cannot
model the relationship between input data and
output data. The R’ value is calculated with the
) above formula. Performances according to the R’
the value obtained by ANN, SVM, and RF
methods are presented in Table 4 and Figure 6.

The R’ in Equation (2) was used to evaluate the
performance of the methods.

R? :1_2::1(yi -
Zi:l(yi _)7)2

Table 4. Performances of estimation methods

Station Total Data | Training Set Test Set | ANN RF SVM
Develi 6274 5019 1255 0.74 0.69 0.69
Kayseri Erkilet Airport 6033 4826 1207 0.95 0.91 0.67
Kayseri Region 6286 5029 1257 0.76 0.67 0.50
Kocasinan / Yamula Dam 1602 1282 320 0.79 0.71 0.57
Sariz 6290 5032 1258 0.86 0.74 0.58
Yesilhisar 1578 1262 316 0.76 0.65 0.48
Tomarza 6272 5018 1254 0.98 0.86 0.53
Melikgazi /Erciyes  Ski | 54 1205 301 | 074 | 065 | 055
Center
Kayseri / Pinarbasi 6302 5042 1260 0.88 0.86 0.50
Mean R’ values | 0.83 | 0.75 | 0.56
C.U. Miih. Fak. Dergisi, 37(3), Evliil 2022 799
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Figure 6. Performance graph of estimation methods

When Table 4 and Figure 6 are examined in detail,
the ANN method performed better than RF and
SVM methods in temperature estimation of the
Meteorological Service stations. With the ANN
method, the highest 0,98 R’ value and the lowest
0,74 R’ value was obtained. With an R’ value of
0.74, it was seen that the ANN method modeled
the relationship between temperature, pressure,
humidity, and altitude superior to other models.
The highest 0.91 R’ value and the lowest 0.65 R’
the value was obtained with the RF method. On
the other hand, the SVM method obtained an R’
value of 0.69 in the best case and 0.48 in the worst
case. Since the SVM method could not find the R’
value at a good level, it was able to model the
relationship  between temperature, pressure,
humidity, and altitude at a lower rate than other
models. In general, when the performance of the
methods is examined according to the R’ value, the
ANN method has achieved superior performance
to the RF and SVM methods. On the other hand,
the RF method achieved superior performance
compared to the SVM method.
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4. CONCLUSION

Considering the developments in IoT techniques,
computer hardware, and software, many studies
have been carried out in the literature in recent
years in remote sensing using different
classification methods. One of the most important
parameters affecting classification accuracy is the
quality of the data to be used in the study field. On
the other hand, when the recent studies are
examined, it is observed that RF, SVM, and ANN
methods are frequently used.

In this study, the average temperature information
of the station was estimated with ANN, RF, and
SVM methods using daily average humidity,
average pressure, and station altitude information
on actual data obtained from the Meteorological
Service, and then performances of the methods
were compared. In the experimental evaluations,
R’ values for ANN, RF, and SVM models were
examined. ANN, RF and SVM models obtained
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0.98, 0.91 and 0.69 in good condition, 0.74, 0.65,
0.48 in bad condition, respectively. The ANN
method modeled the location-based temperature,
pressure, and humidity relationship better than the
RF and SVM models in the best and worst cases.
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Abstract

In this study, 100% soybean and 100% cotton suprem and pique knitted fabrics were produced. Quality
performance parameters, color fastness and spectrophotometric color results of the knitted fabrics were
compared. The aim of the study is to reveal the advantages and weaknesses of soybean knitted fabrics
compared to cotton knitted fabrics. When the production and test results are examined, soybean fabrics
are softer than cotton fabrics. Knitted pique 100% soybean protein fiber fabrics dimensional change is
worse than 100% cotton. Air permeability of fabrics made from soybean fiber is better than cotton fabrics
therefore it can be provided thermal comfort conditions. Bursting strength of soybean fabrics is as good as
cotton fabrics. In the color fastness tests, the fastness values of the soybean fabrics were found to be high
and wet rubbing fastness is good. As a result of this study, it was seen that the color fastness, softness,
abrasion resistance, air permeability of the soybean knitted were better than cotton fabrics. Soybean
fabrics were found to be more pilling than cotton fabrics. When the results of the research are examined,
100% soybean fabrics can be used instead of cotton fabrics.

Keywords: Soybean fiber, Cotton, Knitted fabric, Comfort, Quality tests, Colour measurements

Soya ve Pamuklu Orme Kumaslarin Secilen Performans Ozelliklerinin
Karsilastirilmasi Uzerine Deneysel Bir Calisma

Oz

Bu calismada %100 soya ve %100 pamuklu siiprem ve pike 6rme kumaslar iiretilmistir. Orme kumaslarin
kalite performans parametreleri, renk hasliklar1 ve spektrofotometrik renk sonuglar1 karsilastirilmistir.
Calismanin amaci, soya fasulyesi O6rme kumaslarin pamuklu 6rme kumaglara gore avantaj ve
dezavantajlarii ortaya koymaktir. Uretim ve test sonuglari incelendiginde soya kumaslarmin pamuklu
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kumaslara gore daha yumusak oldugu goriilmektedir. Orme pike %100 soya proteini lifli kumaslarda
boyut degisimi %100 pamuktan daha kotiidiir. Soya lifinden yapilan kumaslarin hava gecirgenligi
pamuklu kumaslara gore daha iyidir, bu nedenle termal konfor kosullar: saglanabilir. Soya kumaslarinin
patlama mukavemeti, pamuklu kumaslar kadar iyidir. Renk hasligi testlerinde soya kumaslariin haslik
degerlerinin yiiksek oldugu ve islak siirtme hasliklarinin iyi oldugu tespit edilmistir. Bu calisma
sonucunda, soya 6rme kumaslarin renk hasligi, yumusaklik, asinma direnci, hava gecirgenliginin pamuklu
kumaslara gore daha iyi oldugu goriilmiistiir. Soya fasulyesi kumaslarda, pamuklu kumaslara goére daha
fazla boncuklanma oldugu tespit edilmistir. Arastirmanin sonuglari incelendiginde, pamuklu kumaglar

yerine %100 soya kumaslar1 kullanilabilir.

Anahtar Kelimeler: Soya lifi, Pamuk, Orme kumas, Konfor, Kalite testleri, Renk 8l¢iimleri

1. INTRODUCTION

Soybean fiber is a herbal protein fiber. Which has
a protective property for human skin. Because of
softness, comfort and brightness properties,
Soybean protein fiber (SPF) is named for ‘skin to
skin’. The most important properties of SPF
fabrics are as follows: excellent softness, luster,
similarity of cashmere, air permeability (comfort),
high resistance to acid, alkali and ultraviolet. This
fiber resistant for bacteria e-coli, staphilococus,
candida and albicana. For skin contact when
comparison of herbal protein and animal protein,
herbal protein havent any side effect and usefull
for human body [1]. Some garments that obtained
from SPF are used in underwear, towel, knitting
and outdoor clothing.

Wool and silk are commonly used as protein
fibers. Wool and silk have good phisical properties
but their product process is expensive. There must
be very mulberry tree efor requirement of silk
production and also wool and silk performance
features are limitted. Wool’s surface is available
for peeling and dieing wool is hard. Besides,
regenerated protein fibers and soybean protein
fibers can extruded which wanted theoric limitted.
Production of SPF, competitive for textile
industry. Oil prices increase 21 times in fifty years,
soybean protein fibers increase 6.5 times. Another
advantage is soybean protein have high protetein
rate. Soybean have 40% protein, peanut have 25%
protein and corn have 10% protein. Soybean
protein is eco-friendly [2].
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Li-Yi showed that soybean protein fibers are
healty and comfotable, the fiber is new and
popular in 21™ Century, tecnolocically advanced in
soybean fiber production in China. Most of its
production provides from China [3]. Vynias
showed SPF’s morpholocig structure, all product
stages and chemical [2]. Rijavec and Zuplin
showed detail of soybean protein fibers chemicaly
structure and fibers product stages [4]. Avct has
been compared the comfort properies of finished
socks produced from new fibers and also applied
comfort tests by producing socks of comfort tests
by producing socks of different fibers such as
modal, bamboo and soybean. The researcher has
stated soybean water behavior similar to repellent
fibers [5]. Unal compared the performance and
comfort properties of fabrics made from soybean
and organic cotton yarns and showed that its
airpermability of soybean protein fiber is better
than cotton and its thermal condunctivity lower
than cotton [6]. Pampal produced yarns in different
blends from soybean fiber and bamboo, cotton,
polyamide, acrilic and viscose and evaluated the
performance caracteristics of knitted fabrics from
this fibers. At the end of the this work, using %100
soybean yarn less using mixed soybean yarn.
Mixed soybean yarn suitable than pure soybean
yarn for yarn and fabric properties [7]. Perincek
when new generation fibres prefinishing use
ecofriendly method and while using different pre-
finishing methods, chose most suitable method.
Most suitable method detected for yellowness and
brighteness for soybean [8]. Yildirnm et al
research SPF’s general structure, product and
enviremental factors. The researcers give
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information about SPF’S biodegradable, renewable
and sustinable properties advantages and using
area [9]. Yilmaz compare SPF and other fibers and
it have got superior fature similar natural fibers
[10]. In their study, Oner and Okur examined the
comfort properties such as air permeability,
thermal resistance and water vapor permeability of
fabrics  knitted from soybean, 50%-50%
cotton/coolmax, tencel, viscose and polyester. In
the study, it was revealed that soybean fiber
knitted fabrics have good breathability, high
thermal resistance and good water vapor
permeability, and will be effective in use in cold
weather conditions, but are not suitable for
sportswear in hot weather [11].

In the studies of Matusiak and Kaminska, comfort
properties such as water vapor permeability and
liquid moisture transport of SPF fabrics were
investigated. In the research, it was found that the
fabrics made of 100% SPFs have liquid moisture
carrying ability significantly better than cotton,
viscose and Dacron Coolmax fabrics [12].
Kavusturan, Ceven and Ozdemir tencel, bamboo,
modal, soybean, 50/50% soybean-tencel, viscose
and cotton They produced knitted fabric from core
yarn with polyester and viscose and chenille yarns.
They showed that 50% soybean 50% tencel can be
used as chenille fabrics [13].

In their study, Ciukas et al. conducted
experimental research on socks to determine the
thermal properties of cotton, bamboo and soybean
protein fibers. They emphasized in their studies
that socks covered with (Lycra®) should be used
for the cold season, since knitted fabrics made
from pure cotton, soybean, bamboo yarns and
covered with Lycra yarn have a lower thermal
conductivity coefficient and feel more comfortable
during clothing [14]. In their study in
Abramaviciute et al., they conducted air
permeability analysis on knitted fabrics produced
from bamboo, soybean, cotton/seacell,
bamboo/linen yarns to investigate the static water
absorption comfort feature of knitted fabrics
produced from natural and textured yarns. They
concluded that an increase in the thickness and
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density of bamboo and soybean fabric worsened
the water absorption feature [15].

Zhang et al.’s study examined the thermal-wet
states of different hydrophilic fiber such as cotton,
soybean, wool, modal, bamboo t-shirts in a heavy
exercise environment. Cotton and wool are natural
hydrophilic fibers, and regenerated fibers have
been found to have better thermal and moisture
comfort than the other fibers. Products made of
bamboo, soybean and modal fibers gave a warmer
and moist feel. Bamboo has a cooler feeling. The
study revealed that different fibers should be used
in different parts of knitted clothes worn during
exercise [16].

Ekinci has designed eight different non-woven
surface fabrics containing soybean and cotton
fibers, and designed the fabrics to be ADL
(Acquisition-Distribution Layer), the diaper/diaper
used in hygiene textile [17]. On non-woven
surfaces; Soybean and cotton were used as the
carrier fibers, 6 denier thickness and 64 mm long
bicomponent polyethylene)/polyester and
bicomponent  polyethylene/modified  polyester
fibers were used as binder fiber. Soybean and
cotton were used separately with
polyethylene/polyester in different proportions.
The samples were applied performance tests for
diapers/diapers, and it was observed that the
samples containing soybean fiber were more
resistant in wet form. The best values for the
strength results in the width direction of the
machine; obtained from dry /wet soybean
/polyethylene/modified polyester samples. The
best results in liquid transfer rate, wetting and
dryness values were shown by soybean/
polyethylene/polyester  samples. The results
showed that the performance of the transfer of
soybean fiber from the upper surface to the
absorbent surface in the baby/ diaper in hygiene
textile was at a high level [17].

In this study, dyeing of knitted fabrics produced
from 24/1 soybean protein yarn was analyzed.
Soybean kniitted fabric was compared with the
knitted cotton fabric of the same structure. It is
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aimed to contribute to the literature about dyeing
and performance properties of fabrics made from
soybean protein fibers by the study.

2. MATERIAL and METHOD
2.1. Material

Experimental study 24/1 Ne yarn number, twisting
coefficient (o) 3.6 with 100% soybean protein
fiber yarn made of (HAYTEKS AS/Turkey for
soybean fiber) were used. Two different types of
knitted fabrics were made with this yarn as pique
and jersey. In order to determine the advantageous
and disadvantageous aspects of soybean protein
fiber, 100% cotton yarn of the same number and
pique and jersey knitted fabric were also produced.
The conditions of the knitting machine were kept

Table 2. Tests used in experimental study

the same for two separate materials. Knitted
fabrics, pre-finishing, dyeing and finishing
processes are applied. Figure 1 shows the finished
knitted fabrics produced.

Table 1. The finished knitting fabric analize

Knitting analize Soybean Cotton
g Suprem | Pique | Suprem | Pique

NL}mber of stitches 123 126 137 106
(piece/10 cm)

Verticle trick

(piece/10 cm) 178 116 173 158
Stitch length (mm) 3 4 3 2
2.2. Method

Standard performance tests were carried out to
determine the performance characteristics of
sample knitted fabrics. Table 2 shows these tests.

No | Tests

Standards [ 18]

Knitted fabrics - Determination of number of stitches per unit length and

1 unit area TS EN 14971

2 | Fabrics- Determination of mass per unit area using small samples TS EN 12127

3 | Determination of dimensional change in washing and drying TS EN ISO 5077
4 | Absorbency of Bleached Cotton Textile Materials TS 866

5 | Determination of permeability of fabrics to air 52833791 ENISO

6 | Tests for colour fastness - Part EO4: Colour fastness to perspiration

TS EN ISO 105-E04

activator

Tests for colour fastness - Part C09: Colour fastness to domestic and
commercial laundering - Oxidative bleach response using a non-
phosphate reference detergent incorporating a low temperature bleach

TS EN ISO 105-
C09/A1

8 | Tests for colour fastness - Part X12: Colour fastness to rubbing

TS EN ISO 105-
X12

9 | Tests for colour fastness - Part EO1: Colour fastness to water

TS EN ISO 105-E01

Bursting properties of fabrics- Part 2: Pneumatic method for

10 determination of bursting strength and bursting distension TS ENISO 13938:2

1 Standard Test Method for Stiffness of Fabric by the Circular Bend ASTM D 4032-94
Procedure

12 Determination of the abrasion resistance of fabrics by the Martindale TS EN ISO 12947-
method - Part 3: Determination of mass loss 3/AC
Determination of fabric propensity to surface fuzzing and to pilling- Part

131'5. Modified Martindale method TS ENISO 12945-2
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3. RESULTS AND DISCUSSION

3.1. Dimensional Change
Drying

in Washing and

The results of the test results of the end-of-wash
dimension change in the transverse direction of the
knitted fabrics are given in Figure 1 and the results
of the wash-end size change test in the longitudinal
direction are given in Figure 2. In these tests, it is
noteworthy that the size changes of the soybean
pique samples in transverse and longitudinal
directions are more than =+ 3, which is the
acceptable limit value.

16
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5 4
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Figure 1. Dimensional changes of the samples in

washing and drying (direction of
horizontal)
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Figure 2. Dimnsional changes of the samples in
washing and  drying(direction of
verticle)
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In the transverse direction, the soybean pique
fabric showed elongation while the longitudinal
direction was observed. Cotton samples of the
same weave are observed to have a size change
(creep) above the standard. Both soybean and
cotton samples have changed size in acceptable
porosity. With this experiment, it was concluded
that soybean pique knitted fabric would exhibit
non-standard dimensional change in house type
washing.

3.2. Air Permeability

Figure 3 shows the air permeability test results
considered as a comfort parameter. As a result of
this test, it was observed that the air permeability
of soybean fabrics was better (higher value) than
cotton fabrics. It is seen that pique knitted fabrics
have more air permability. Statistical analysis
revealed that both the raw material and the
porosity type affected the air permeability value
(significance value = 0).

400 376.89
s 350
£ 300 .
E % 250 236.71
=3 200
1 g 10 78.74
5 100 -
]
o B
£
: O T T
A . Soybean Soybean Cotton Cotton
Fabric  guprem  Pique  Suprem  Pique

Figure 3. Air permeability of the fabrics
3.3. Bursting Strength

The bursting strength test results, which means
that the fabric is drilled under air pressure, are
given in Figure 4. High bursting strength values
indicate high resistance. When the bursting
strength of pique fabric is examined, it is seen that
different results are obtained in soybean and cotton
raw material use. Statistical analysis shows that the
raw material variable efected bursting strecth
(significance coefficient = 0.012). Again according
to the statistical analysis, the cotton / cotton pique
porosity structure also has a significant difference
in bursting.
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Cotton Pique

B 5263

Cotton Suprem

Soybean Pique

500
Bursting Strength (kPa)

Soybean Suprem

550 600

Figure 4. Bursting strength test results of the

samples
3.4. Water Absorbency Performance

Figure 5 shows the water absorbency performance
of fabrics. This value is high means that water
absorption takes a long time. Soybean suprem and
pique samples have a longer lasting water
absorbency compared to cotton and pique samples.
This test is not enough to evaluate this feature as
good or bad. Further testing on dehumidification is
required. In addition, this test is generally applied
for cotton samples. The water absorbency
performance of a new fiber, soybean fiber, was
also measured by this test. It was also found that
the difference in raw material effected the water
absorption time with the statistical analysis
(soybean suprem/cotton supreme sig. coeff = 0.002
and soybean pique/cotton pique sig. coeff.= 0).
The study of Gretha et all. was investigated that
three different counts of spun soybean yarn were
utilized for knitted fabric production, such as
20 Ne,30SNe, and 40Ne.® Gretha et all. show that
the single pique structure with finer yarn count and
higher loop length configuration showed higher
moisture management properties [19].
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Figure 5. Water absorbency test results of the
fabrics

3.5. Flexural Strength (Stiffness)

Flexural strength test is used to evaluate the
softness or hardness of the fabrics. The high
strength value is interpreted as the hardness of the
fabric. Figure 6 shows the circular flexural strength
test results. There is no difference in the fact that
there is no difference in soybean or cotton in
suprem knitting. However, soybean and cotton
samples in pique knitting vary in terms of hardness
(soybean pique/cotton pique statistical
significance coefficient = 0.017). When we look at
pique samples, it is seen that cotton has a harder
fabric structure and soybean has a softer fabric
structure than cotton.

0,10
0,09
0,08
0,07
0,06
0,05
0,04
0,03
0,02
0,01

0,00 \ \ \
Soybean  Cotton  Soybean
Suprem  Suprem  Suprem

0.088

0.057 0.060

Stifness of The Fabrics (kgf)

Cotton

The Fabrics Suprem

Figure 6. Stifness test results of the fabrics
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Pilling

The pilling values of soybean and cotton knitted
fabrics are graded with a gray scale at the end of
2500 cycles obtained by using of Martindale
device. When the measurement results in Table 3
are examined, it has been determined that soybean
knit fabric hair growth is higher than cotton.

Table 3. Pilling on surface of the fabrics
(Martindale method)
Surfaze fuzzing and pilling (after 2500 period)
Soybean | Soybean Cotton Cotton
suprem pique suprem pique
1/2 1/2 2/3 3/4

3.6. Abrasion Resistance

Figure 7 shows proportionally the mass loss in the
fabrics against abrasion. This high value means
that the fabric has suffered a loss of mass under a
force and impact. Soybeana suprema and pique
samples lost less mass than abrasion and cotton
samples. So soybean fabrics have better wear
resistance than cotton. The difference in the raw
material difference was also determined by the
statistical analysis (mass difference coefficient =
0.019 and soybean pique/cotton pique = 0.02).
According to the statistical analysis, the change in
weave is a parameter that affects the mass loss
(cotton  supreme/cotton  pique  significance
coefficient=0.004 and soybean supreme/soybean

G. Banu GOKGONUL, Emel Ceyhun SABIR

pique  significance  coefficient=0.043).  This
analysis showed that the abrasion resistance of
soybean fabric was higher than that of cotton.

0,12 0.10
= 0,10
2
-§ 0,08 0.07
%
s 2 0.06
z 5006 0.05
=2
§ §0,04 R
=
< 0,02 ~
0,00 -
. Soybean Soybean Cotton Cotton
The Fabrics Suprem  Pique Suprem Pique

Figure 7. Abrasion resistance of the fabrics by
Martindale method (after 15000 period)

3.7. Color Fastnesses

The results of color fastness tests are given in
Table 4. For both cotton and soybean fabrics, the
acidic and basic sweat fastness values were
approximately the same and the fastness values
were good. When washing fastness is examined;
similar to the perspiration fastness for soybean and
cotton, good fastness values were obtained.
Similar results were found for soybean and cotton
in water holding fastness.

Table 4. Color fastness test results of the fabrics (From A to E)

A) Colour fastness to alkaline perspiration

Fabrics Wool Acrylic PES Nylon Cotton Acetate Fading
Soybean suprem 5 5 5 5 4/5 5 4/5
Soybean pique 5 5 5 5 4/5 5 4/5
Cotton suprem 5 5 5 5 4/5 5 4/5
Cotton pique 5 5 5 5 4/5 5 4/5
B) Colour fastness to acidic perspiration
Fabrics Wool Acrylic PES Nylon Cotton Acetate Fading
Soybean suprem 5 5 5 5 4/5 5 5
Soybean pique 5 5 5 4/5 4/5 5 5
Cotton suprem 5 5 5 5 5 5 5
Cotton pique 5 5 5 5 5 5 5
C.U. Miih. Fak. Dergisi, 37(3), Evliil 2022 809
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C) Colour fastness to domestic and commercial laundering

Fabrics Wool Acrylic PES Nylon Cotton Acetate Fading
Soybean suprem 5 5 5 5 4 5 5
Soybean pique 5 4/5 5 5 4 5 4/5
Cotton suprem 5 5 5 5 3/4 5 5
Cotton pique 5 5 5 5 3/4 5 5

D) Colour fastness to water
Fabrics Wool Acrylic PES Nylon Cotton Acetate Fading
Soybean suprem 5 4/5 4/5 4/5 4 5 5
Soybean pique 5 4/5 5 4/5 3/4 5 5
Cotton suprem 5 4/5 5 4/5 3/4 5 5
Cotton pique 5 4/5 4/5 4/5 3/4 5 5

E) Colour fastness to rubbing
Fabrics Dry Wet
Soybean suprem 4/5 3/4
Soybean pique 4/5 3/4
Cotton suprem 4/5 4/5
Cotton pique 4/5 4/5

In the experiments, good fastness values were measurements have been made about this

obtained except that the fabrics contaminated the
cotton in the accompanying diaper. Cotton fabric
has worse wet rubbing fastness than soybean
fabric.

Colour analysis by spectrophotometer

Soybean and cotton knitted fabrics dyed in the
same bath and with the same recipe were studied
in the spectrophotometer and the measurement
results in Table 5 were obtained (D65 in daylight).
Cotton pique fabric was selected as the control
sample and compared with Soybean pique fabric
and AE:11.570 was obtained. By
spectrophotometer; the sample was interpreted as
lighter, greener, more blue. The smaller the AE
value is interpreted as the lower the color
difference.

Since the colors of the raw materials are different
even after pretreatment, there is a color difference
between the colored fabrics obtained in soybean
and cotton. Soybean fiber has a unique yellow
color and does not be bleached as much as desired.
Thus, the color of soybean and cotton fabrics at the
end of the dyeing resulted in a difference due to
this yellowing on the ground. Due to the high AE
value in spectrophotometric measurements, new
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difference and it has been tried to determine
whether this difference is related to bleaching.

Table 5. Colour measurement results  of
spectrophotometer
The Fabrics
Cotton Cotton Soybean Soybean
suprem pique suprem pique
D65/10
X (1765 X [ 1731 X | 173 | X |16.51
Y 999 | Y 9.7 Y [1051 | Y | 994
Z 336 | Z | 311 | Z | 544 | Z | 498
CIELab D65/10
L* |37.82| L* | 3729 | L* | 38.75| L* |37.73
a* 535 | a* [ 5395 a* |47.61 | a* |47.65
b* [29.74 | b* | 30.46 | b* | 20.38 | b* |20.77
C* | 6121 | C*|61.96| C* [51.79 | C* |51.98
h 2907 | h [2945| h |[23.17| h |23.55

The color difference of the knitted fabrics before
and after bleaching was measured and the results
are given in Table 6. Here, the sample before the
bleaching (raw) was taken as a control sample. It is
observed that the schedule bleaching process is not
effective in soybean fabric.
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Table 6. Colour diference of soybean and cotton
fabrics (compared before bleaching and

after bleaching)
Bleached The difference before .
bleaching and after bleaching,
sample AE
Soybean pique 0,92
Cotton pique 9,14

The color differences of both soybean and cotton
fabrics after bleaching were measured and
compared. The aim of this measurement is to
measure the color difference between the bleached
cotton fabric and the bleacehed soybean fabric.
Cotton bleached fabric was selected as the control
sample. The color difference between cotton
fabrics and soybean fabrics after dyeing was found
as AE = 11.570. Before painting from Table 7, it
was found that the color difference was large when
it was still bleached (around AE = 15). This result
shows that the bleaching process is not successful
in soybean fabrics.

Table 7. Color difference of soybean sample
from cotton sample (bleached both

fibers)
Bleached sample AE
Soybean suprem 15,01
Soybean pique 15,06
4. CONCLUSION

In this study, pure soybean knitted fabrics compare
with pure cotton knitted fabrics. The findings are
summarized below. These findings should be
interpreted according to the raw material and
production techniques mentioned in the material
and method section.

e In the dimensional change, the values of 100%
soybean protein fiber and knitted pique fabrics
were above the standard.

e Air permeability of fabrics made from soybean
fiber is better than cotton fabrics. Therefore, it
can provide thermal comfort conditions.

e Bursting strength of soybean fabrics is as good
as cotton fabrics.
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e The water absorption rate of soybean fabrics is
slower than cotton fabrics. Cotton fabric is
aproximately better %60 then soybean fabric.
(negative for comfort).

e Soybean fabrics are softer than cotton fabrics.

e Soybean fabrics are more pilling than cotton
fabrics. Soft fabrics have a high tendency to
pilling. Wear resistance of soybean fabrics was
found to be better than cotton fabrics.

e In the color fastness tests, the fastness values of
the soybean fabrics were found to be high and
wet rubbing fastness is good.

e The color difference between soybean fabrics
and cotton fabrics before and after the
bleaching process is also high.

As a result of this study, it has been demonstrated
that soybean protein fiber, a renewable,
biodegradable fiber, can be used as an alternative
to cotton fabrics. It can be preferred as a product in
areas where cotton fabrics are used.
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Nomenclature;

L : colour darkness, lightness

a :axis of green,red

b : axis of blue,yellow

C :croma

h : hue angle X,Y,Z numerical value of color
(redness, greens, yellowness)
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Abstract

In the present study, effect of side devices and crosswind flow are investigated to observe aerodynamic
drag coefficient for a simplified ground vehicle (Ahmed body) since it directly effects fuel consumption.
When the literature was examined, the studies that were investigated effect of slant angle, velocity and
geometric modifications were presented. However, there are few studies that proposed both side device
effect and crosswind flow for ground vehicles at different yaw angles. The CFD (Computational Fluid
Dynamic) solution is performed both model with side devices and crosswind flow condition. The
crosswind flow condition has been analyzed at different yaw angles (B=5°, 10°, 20°, and 30°) to observe
how to affected drag coefficient. Pressure contours have been presented for model with and without side
devices and under the crosswind flow conditions at rear region of body since the most of the drag force
occurs flow separation or adverse pressure gradient. The streamlines velocities have been presented at x-
plane which is positioned side devices location under the crosswind flow conditions. In addition, vorticity
magnitude has been given for both models with and without side devices at different yaw angle. In the
results of study are observed that side devices adversely effects aecrodynamic performance since flow
separation occurs on the side of body and it causes to increase pressure drag. The pressure drop is also
observed at rear region of model due to crosswind flow condition. This causes the increase of drag forces.

Keywords: Ahmed body, CFD, Flow separation, Yaw angle, Drag coefficient

Bir Kara Aracinin Aerodinamik Siiriiklenmesi Uzerine Yan Cihazlarin ve Yan
Riizgar Akisinin Etkisinin Incelenmesi

Oz

Bu ¢aligmada, yakit tiiketimini dogrudan etkiledigi i¢in basitlestirilmis bir kara aracinin (Ahmed govdesi)
aerodinamik siirikleme katsayisimi gozlemlemek igin yan cihazlarin ve yan riizgar akisinin etkisi
arastirilmistir. Literatiir incelendiginde egik a¢1, hiz ve geometrik modifikasyonlarin etkisini arastiran
calismalar sunulmustur. Ancak, kara araglari igin farkli sapma agilarinda hem yan cihaz etkisini hem de
yan riizgar akigini oneren az sayida ¢alisma bulunmaktadir. Bu nedenle, HAD (Hesaplamali Akigkanlar
Dinamigi) ¢0ziimii hem yan cihazlara sahip modelde hem de yan riizgar akis kosulunda

*Corresponding Author (Sorumlu Yazar): Ahmet SUMNU, ahmet.sumnu@iste.edu.tr

C.U. Miih. Fak. Dergisi, 37(3), Evliil 2022 813


https://iste.edu.tr/en/hubf

Investigation of the Effect of Side Devices and Crosswind Flow on Aerodynamic Drag of a Ground Vehicle

gerceklestirilmistir. Yan riizgar akis durumu, siiriikkleme katsayisinin nasil etkilendigini gézlemlemek igin
farkli sapma agilarinda (B=5°, 10°, 20° ve 30°) analiz edilmistir. Siiriikleme kuvvetinin biiylik bir kism1
akis ayrilmasi veya ters basing gradyanindan dolayr meydana geldiginden, yan cihazlara sahip olan ve
olmayan modeller i¢in ve yan riizgar akis kosullar altinda gévdenin arka bolgesindeki basing konturlar
sunulmugtur. Yan riizgar akis kosullari altinda, yan cihazlarin konumlandigi x-diizleminde akim
¢izgilerinin hizlar1 sunulmustur. Ek olarak, girdap biyiikliigii, farkli sapma agilarinda yan cihazlar1 olan
ve olmayan her iki model i¢in de verilmistir. Caligma sonuglarinda, akig ayrilmasi meydana geldigi ve
basing direncinin artmasina neden oldugu i¢in yan cihazlarin aerodinamik performansi olumsuz etkiledigi
gozlemlenmistir. Yan riizgdr akis durumu nedeniyle modelin arka bolgesinde de basing diisiisii

gozlemlenmistir. Bu, siiriikleme kuvvetlerinin artmasina neden olmaktadir.

Anahtar Kelimeler: Ahmed govdesi, HAD, Akis ayrilmasi, Sapma agisi, Siirlikleme katsayisi

1. INTRODUCTION

The investigation of aerodynamic forces is crucial
issue for a ground wvehicle since the fuel
consumption stems from friction and drag force
acting on body. Ground vehicles are used in under
different conditions such as velocity and direction
of air, rainy weather condition, pressure.
Therefore, when the aerodynamic analysis is
performed, all conditions are taken into account to
find realistic and accurate results for experimental
or analytic solutions. The previous studies are
mentioned related with ground vehicles in the
following paragraph.

Ahmed et al. [1] performed an experimental study
for ground vehicle that is known Ahmed body, to
analyze the wake structure at different slant angle.
The results of this study showed that the flow
separation and wake flow cause increase in dag
force. The investigation of different shape of rear
region of vehicle was performed in terms of
aerodynamic performance in a wind tunnel [2].
Lienhart and Becker [3] also investigated
contribution of wake generation on aerodynamic
drag at behind of the simplified car model.
Watkins and Vino [4] performed the study on
Ahmed body aerodynamics by positioning the two
co-linear bodies. It was deduced that the effect of
space of two bodies significantly increase drag
coefficients and strong vortex formation that cause
the change of drag and lift force at rear region of
body was observed. Another study was performed
to investigate aerodynamic of Ahmed body using
experimental and numerical method by Meile et al.
[5]. Large Eddy Simulation (LES) method was
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used to perform numerical simulation of Ahmed
body at high Reynolds-number by Osth et al. [6].
In order to observe unsteady wake occurring on
Ahmed model, experimental study was performed
by Volpe et al. [7].

In real case, an automobile is generally exposed to
crosswind. Therefore, crosswind conditions should
be taken into account when aerodynamic analysis
is performed. In the literature, there are few studies
related with this issue. The crosswind sensitivity
was investigated to decide how to effect the
ground vehicle aerodynamics and driving
performance by [8]. Ahmed body model was used
to perform analysis at 0°-15° yaw angle and 25°
and 35° slant angle. It was deduced that rate of
turbulence and velocity fluctuations were
significantly effect the shear layers so, rear vertical
and slanted surface were important in terms of
flow dynamics. Heavy ground vehicles was
presented to investigate crosswind effect because
they have high lateral surface area and center of
gravity of heavy vehicles are higher above ground
than an automobile [9]. Crosswind effect was
investigated to observe aerodynamic characteristic
at different yaw angles for long vehicles and heavy
vehicles by [10]. The study applied crosswind over
Ahmed body was implemented using rear cavities
at base body [11]. The crosswind effect was also
investigated to evaluate aerodynamic performance
using different shape body and wind tunnel test
[12]. Both experimental and numerical studies
were performed for observation of crosswind
conditions on bluff bodies at 0° to 30° yaw angles
[13]. In addition, the similar analysis was carried
out using DES (Detached-Eddy Simulation) at 0°
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to 30° yaw angles and it was concluded that the
results were good agreement with experimental
results [14]. Altinisik and Umur [15] focused on
crosswind analysis for a special car. They
performed wind tunnel test and numerical analysis
to observe how to effect crosswind flow for
selected car model. It was deduced that drag
coefficient increased up to 35° yaw angle and after
that point, drag coefficient become to reduce.
Crosswind and headwind flow that is
incompressible and unsteady was also analyzed for
the Ahmed body [16]. Another study that was
investigated yaw angle effects on aerodynamic
performance was performed experimental study
for Ahmed body [17]. It was deduced that drag
coefficient was increase at yaw angle 0°- 60°.
However, it remains constant between 60° and 75°
and it then increase up to 90°.

The experimental study was implemented using
particle image velocimetry (PIV) technique to
investigate flow physics at different slant angle of
Ahmed body [18]. The slant angle effect was
observed for Ahmed body by means of numeric
analysis and the results were compared
experimental study [19].

Some devices that mounted on automobiles side or
upper regions should be taken into consideration
since these devices affect the aerodynamics of
automobile body. However, when previous studies
are examined, there are limited studies that take
into account side devices effect on aerodynamics.
Murutila et al. [20] presented a study adding a
device that is side view mirrors to investigate the
effects on the aerodynamic drag coefficients. It
was deduced that drag coefficient was increase
about % 6 for Ahmed body with slant angle 25°.
The effect of rear view side mirrors was
investigated for a car [21]. Four different models
were generated and numerically analyzed to
observe side devices effect.

Some devices can be used to improve aecrodynamic
performance of automobiles. These may be passive
and active devices that use to control over the
body. In the literature, some studies have been
presented. Ahmed and Murtaza [22] presented the
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review study related with car aerodynamics and
investigated effect of passive flow devices. The
research results were concluded that the passive
devices should be applied commercial vehicles and
the aerodynamic noise study should be performed
to enhance the quality of comfort. An active flow
control study was presented to improve
aerodynamic efficiency using jet actuator for
Ahmed body [23]. It was deduced that drag force
was reduced for 25° slant angle while drag force
was increase for 35° slant angle. Buscariolo et al.
[24] presented study for Ahmed body using
diffuser and observed flow field that occurs on the
rear region. The diffuser analysis was performed
by changing the angle that is between 0° and 50°.
It was concluded that change of drag and lift
coefficient was %13 and %1, respectively. A study
was proposed by Yakkundi and Mantha [25] to
observe CFD solution and experimental study to
validate for generated image model car.
Demircioglu [26] proposed aerodynamic analysis
of F1 race automobile to observe velocity and
pressure distribution occurring over car body at
130 km/h. The similar study was performed for
electric vehicles. Both numerical and experimental
studies were carried out and the results were
compared [27].

The unsteady analysis is performed, if we want the
realistic results. Therefore, the solution can be
performed time depended. The some previous
studies mentioned unsteady analyses are presented
in the following. Han [28] proposed numerical
study to predict flow around the Ahmed model-
like body very well. The Averaged-Reynolds
Navier-Stokes equations were solved numerically
together with k-g¢ turbulence model. The reverse
flow region and trailing vortices was predicted for
three dimensional turbulent flow of the Ahmed
vehicle. Krastev and Bella [29] investigated steady
and unsteady flow over the Ahmed body using
open source CFD toolbox OPENFOAM. Using
URANS and steady-state RANS model the
numerical simulations were implemented and
compared with experimental results available in
the literature. Hinterberger et al [30] performed a
study to investigate Ahmed body model with slant
angle 25° using LES (Large Eddy Simulation).
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Another  similar  study  that  performed
experimentally to visualize longitudinal vortices
that occurs the side edges of the rear window at
25° slant angle of Ahmed body model was
presented by Jermann et al. [31].

Optimization studies have presented to improve
the shape of the body for reduction of drag force
and increase the efficiency in point of fuel
consumption. When examined the previous
studies, a paper was presented by Dumas [32].
The hybrid optimization that was combined a
Genetic Algorithm (GA) and a second-order
Broyden-Fletcher-Goldfarb-Shanno (BFGS)
method were applied to the 3D car model for drag
minimization. Beigmoradi et al. [33] performed
optimization study based on aerodynamic and
acoustic objectives. In this study, realizable k-¢
turbulent model and broad band noise model was
used to perform simulation of model. Taguchi
method was also used to reduce number of
simulation. The optimum results were obtained
using Genetic Algorithm and Artificial Neural
Network optimization method. He et al. [34]
presented CFD based optimization combining
adjoint approach and gradient based method for
computing derivatives to optimize the designs. In
order to show their optimization framework, bluff
body with ramp shape geometry was optimized
and the drag level reduced about 9%. The
optimization study related with rear end of Ahmed
body was proposed by Han et al. [35]. Three
dimensional ~ Navier-Stokes  analyses  were
performed for optimization. The three items that
backlight angle, boat-tail angle and ramp angle
were investigated to find optimum shape for
reduction of drag coefficient. The results showed
that drag reduction was achieved about 0.13. Wang
et al. [36] focus on optimization of Ahmed body
for non-smooth surface on the drag reduction. In
this study flow field analysis was performed and
compared with experimental date in the literature
then optimization method that multi-island Genetic
Algorithm was applied to increase the efficiency in
point of aerodynamic. Qiao et al. [37] presented to
flow control for bluff body using multi-frequency
and optimization was also performed to reduce
drag coefficient value at 10° yaw angle. It was
concluded that drag reduction was achieved about
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%20 by applying genetic algorithm optimization.
In order to reduce aerodynamic drag coefficient,
geometric revision on the analyzed car was
performed and the results were observed that drag
force and pressure on the car body were reduced
and performance was improved [38].

The result of examined literature related with
automobile aerodynamics, there are few studies
about side effects with crosswind analysis. In
addition, yaw angles of crosswind were generally
studied at low, medium and high angles that are
between 5° and 30° in previous studies. Therefore,
in this study, the analysis of side devices with
crosswind have been performed up to 30° yaw
angle. The solution results are presented for both
models with and without side devices under the
crosswind condition to show how to affect the
aerodynamic performance of simplified ground
vehicle. The following sections are given to
explain generation of body and mesh structure and
CFD solutions setup in ANSYS.

2. COMPUTATIONAL SETUP
2.1. Geometry of Ahmed Body

In this study, the Ahmed body has been studied in
point of aerodynamic analysis to investigate the
side device and crosswind effects. For this,
geometry  was  firstly = generated  using
Designmodeler in ANSYS and mesh generation
has been then performed Mesh in ANSYS. The
dimensions of body are shown in Figure 1 [1,30].
Figure 2 shows solid model of the Ahmed body
and Figure 3 shows the model with side devices
and its position and dimensions. These position
and dimensions are determined by examining the
previous studies [20, 21].

1044 mm 389
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| 202 470 J x y o

288

Figure 1. Dimensions of Ahmed body [1,30]
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Figure 2. 3D view of Ahmed body

290.6 mm

(b)

Figure 3. Ahmed body with side devices
(a: Isometric view b: Front view with
side device position and dimensions)

2.2 Mesh Generation

The mesh generation process is a crucial issue to
obtain precision results. The number of mesh and
generation method should be compatible to capture
flow field around the body. Therefore, mesh
generation is started from courser to finer mesh
number and prismatic layer is formed around the
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model at different number of inflation layer for
obtaining accurate results. Inflation control is
important to capture the boundary layer since
turbulent boundary layer is expected in the
solution. The results are compared with
experimental results for verification. Tetrahedral
mesh has been then generated. Rectangular shape
is generated around the body as computational
fluid domain. Its length, height and wide of fluid
domain are 12, 10 and 10 times of the body length,
height and wide, respectively.

In this study, the mesh generation has been
performed using Mesh ANSYS. Figure 4 and 5
show the mesh generation for body and
computational domain, respectively. The other
issue is mesh sensitivity analysis in order to find
sufficient mesh number and correct result.
Therefore, the CFD solution has been implemented
starting from courser mesh numbers to finer mesh
numbers. The mesh dependency analysis is given
in Figure 6. The CFD solution has been performed
from starting 100.000 mesh numbers to 6 Million
mesh numbers. The results show that 4 Million

mesh numbers has been enough to find accurate
solutions.

Figure 4. Mesh generation around the model

Figure 5. Mesh generation of computational fluid
domain
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Figure.6. Mesh sensitivity analysis
2.3. Numeric Solution

The solution of the problem has been carried out
using Fluent ANSYS that uses finite volume
method. 3-Dimensional, steady, compressible
solutions have been implemented. In order to
describe the flow field, the Navier-Stokes
equations that include the continuity and
momentum equations are used.

The Navier-Stokes equation in x-direction can be
written as (Equation 1)

o(pu) op or, Or, ot
+V(puV)=——+—"+ S =4 1
o V)= ek )

In this study, RNG (Re-Normalisation Group) k-¢
turbulence model was used since this turbulence
model simulates accurately flow field for this
specified conditions [39]. This model is
renormalized the Navier-Stokes equations and take
into account smaller motion effect. The RNG k-¢
transport equation can be described as following
(Equations 2 and 3).

0

d i w ) ok
ph)+ L (phu) = || e B |y p - 2
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Where,

n="Sk/

s=(25,5,)"

The setup of Fluent is defined as following.
Ahmed body is described as wall type due to no-
slip condition. During the solution, enclosure
surfaces are defined as symmetry. Velocity-inlet is
defined for inlet condition and pressure outlet is
described for outlet plane. Solution method is
selected as Roe-FDS flux type and flow is
specified second order upwind. Solution is also
implemented as density based and steady-state.
Enhancement wall treatment is selected as the wall
function for RNG k-¢ turbulences model. Courant
number is determined as 0.7. The dimensionless y"
value is approximately “1” for capturing flowfield
in boundary layer. However, some place on the
body, it may be greater than 1. When the change of
drag coefficient value is negligible small and the
value of flow residuals reach to 107, the solution
run is finished. The CFD solutions are
implemented at 40 m/s and different yaw angles
(5°, 10°, 20°, 30°). Reynolds number that is based
on model’s length is 2.78x10°.

3. RESULTS AND DISCUSSION

In this study, crosswind and side device effects
have been investigated for a simple ground
vehicle. The analysis has been firstly performed
without crosswind condition and side devices.
When previous papers are examined, yaw angles
of crosswind were generally studied at low,
medium and high angles that are between 5° and
30°. Hence, solutions have been carried out by
applying crosswind conditions at different yaw
angles that is 5°, 10°, 20°, 30°. In addition, side
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devices have been mounted on base model at
position x= -0.8. All solutions have been carried
out at 40 m/s velocity and 35° slant angle.

The pressure contours is presented at plane z=0 for
rear region of body without side devices at yaw
angle 0°, 5°, 10°, 20°, 30° in Figure 7. The range
of pressure value is same for all figures since the
comparison and observation can be made easily.
When examined these figures and compared each
other, it can be observed that pressure drop or
adverse pressure gradient occur at rear region of
body with increasing yaw angle of flow. In
addition, it can be said that crosswind flow is
especially affected at yaw angle 20° and 30° and
pressure differences increase between front and
rear region of model when compared with flow at
0° yaw angle. The flow separation can occur due

12

YL

XL
(d
Figure 7.
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to adverse pressure gradient formation and the
flow cannot proceed over surface due to no-slip
condition. This causes an increase in drag force for
a ground vehicle. The pressure contours is
presented at plane z=0 for rear region of body with
side devices at yaw angle 0°, 5°, 10°, 20°, 30° in
Figure 8. These figures are presented to observe
the effect of side devices at rear region flow field
by comparing with Figures 7. When the figures
presented model with side devices can be observed
that pressure drop at slant surface is more than
model without side devices. In addition, it can be
stated that side devices effect causes earlier flow
separation due to adverse pressure gradient.
Therefore, both crosswind and side device are
adversely affect flow field at rear region and cause
increase drag force.

02 XL 0.4 0.6 0.8 1

(e)
Pressure contours plane z=0 for rear region of body without side devices at 40 m/s and 35°
Slant angle (a: yaw angle 0°, b: yaw angle 5°, c: yaw angle 10°, d: yaw angle 20°, e: yaw
angle 30°)
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Figure 8. Pressure contours plane z=0 for rear region of body with side devices at 40 m/s and 35° Slant
angle (a: yaw angle 0°, b: yaw angle 5°, c: yaw angle 10°, d: yaw angle 20°, e: yaw angle 30°)

The velocity streamlines are presented to show  These streamlines are examined plane x=-0.8

flow separation and vortices with and without side ~ which describes according to reference point that
devices in Figure 9 and Figure 10, respectively. rear end of model. The vortex intensity and its
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effected area increase with increasing yaw angle
when examined the Figure 9. Moreover, flow
separation and vortex generation can be observed
over the top surface of model at yaw angles 10°,
20°, and 30° when compared with Figure 9(a) that
represents flow without yaw angle. The Figure 10
represents the side devices position to show flow
field. When examined these figures, side devices

08 -06 04 0
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effect flow field as seen in Figures. However, it
can be stated that the vortex area decrease when
compared with solution results without side
devices. Hence, it can be inferred that drag force
does not significantly increase at mounted position
of side devices but it may increase due to pressure
drop behind side devices position as understood
from figures.

Figure 9. Streamlines velocity plane x=-0.8 for body without side devices at 40 m/s and 35° Slant angle
(a: yaw angle 0°, b: yaw angle 5°, c: yaw angle 10°, d: yaw angle 20°, e: yaw angle 30°)

C. U. Miih. Fak. Dergisi, 37(3), Eyliil 2022
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Figure 10. Streamlines velocity plane x=-0.8 for body with side devices at 40 m/s and 35° Slant angle (a:
yaw angle 0°, b: yaw angle 5°, c: yaw angle 10°, d: yaw angle 20°, e: yaw angle 30°)

The vorticity magnitude is presented to show rear
region of model for body without side device in
Figure 11. When examining the figures, the
vorticity magnitude is high at top and bottom of
rear region of body. The magnitude also increases
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top region of model with increasing yaw angle.
However, it can be observed that vorticity
magnitude values reduce after flow has moved
slightly away from rear region of model by
increasing yaw angle.
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Figure 11. Vorticity magnitude for body without side devices at 40 m/s and 35° Slant angle (a: yaw angle
0°, b: yaw angle 5°, c: yaw angle 10°, d: yaw angle 20°, e: yaw angle 30°)

The CFD solution for without side devices of Table 1. Drag values at 40 m/s and 35° slant

model was compared with previous study that angle without side device (a: yaw angle
reported Cp values [5] and it was concluded that 0°, b: yaw angle 5°, c: yaw angle 10°, d:
the results were good agreement each other. Table yaw angle 20°, e: yaw angle 30°)
1 and Table 2 show the drag coefficients values for Yaw Angles C,, Values
both models without and with side devices at 0°, 0° 0,281
5°, 10°, 20° and 30° yaw angles, respectively. exp. results 0,279 [5]

5° 0,297

10° 0,321

20° 0,359

30° 0,388
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Table 2. Drag values at 40 m/s and 35° slant
angle with side device (a: yaw angle 0°,
b: yaw angle 5°, c: yaw angle 10°, d:
yaw angle 20°, e: yaw angle 30°)

Yaw Angles Cp Values
0° 0,301
5° 0,312
10° 0,339
20° 0,368
30° 0,402
4. CONCLUSION

In the current study, side devices and crosswind
effects were investigated for a simplified ground
vehicle, separately since there are few studies
related with both side device and crosswind
analysis at the same time and different yaw angles
when previous studies were examined. The model
was generated using Designmodeler in ANSYS
and the side devices were mounted on the model.
The position and dimensions of side devices were
determined by examining the previous studies [20,
21]. CFD solutions were then performed both
cases in four different yaw angles (5°,10°,20° and
30°) because yaw angles of crosswind were
generally studied at low, medium and high angles
that are between 5° and 30° when previous papers
were observed. In order to simulate flow field and
capture boundary layer over Ahmed body, mesh
generation was performed both prismatic and
tetrahedral mesh structure and RNG k-¢ turbulence
model was used in Fluent solution.

Pressure contours were presented to show flow
field at rear region of model and pressure drop or
adverse pressure gradient were observed at slant
surface of model due to effect of crosswind flow.
The solution results were also presented as
velocity streamlines at x-plane that is placed
position of side devices. When the velocity
streamlines were observed, the intensity and area
of vortex formation are less than the model
without side devices. Hence, crosswind flow
causes the most of increase of aerodynamic drag
force when compared with side device effect.
However, the solution results with both crosswind
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and side device were showed that the drag force
was more than the solution results with only
crosswind effect. In addition, vorticity magnitude
has been given for both without side devices at
different yaw angle to observe vortex effects at
rear region of model. Drag coefficients values
were also presented for all solutions. The Cp
values was compared with previous study that
reported [5] and it was concluded that the results
were good agreement each other. Finally, the
results of solutions showed that side devices and
crosswind reversely affected the body in point of
aerodynamic performance since they cause air
flow disruption and separation at rear region and
side of model. The optimization study can be
performed to find optimum position and
dimensions of side device and increase
aerodynamic performance for the future work.
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Oz

Bilindigi gibi agik ocak patlatmalarinda patlatma sonucu, g¢evreye titresim dalgalar1 yayilmakta ve
dalgalarin gectigi yerler olumsuz bir sekilde etkilenmektedir. Konu ile ilgili ¢aligmalar yapan
aragtirmacilar, dalgalarin olugturdugu zarar derecesinin, en yiiksek parcacik hiz degeri ile 6l¢iildiigiinii
rapor etmislerdir. S6z konusu hiz degeri arttik¢a zarar miktarinin yiiksek oldugu, hiz degeri azaldik¢a da
cevreye verilen zarar miktariin az oldugunu vurgulamislardir. Yapilan bu galismalarda, en yiiksek
pargacik hiz degerinin, 6lgekli mesafeye diger bir degisle patlatma noktasi ile 6lglim yapilan nokta
arasindaki mesafeye ve bir defada patlayan en yiiksek patlayicti madde miktarina bagli oldugu
goriilmektedir. Ancak patlatma sonucu olusan titresim dalgalarinin sikligi yani frekans degerleri de
cevreye zarar verme derecesini belirlemektedir. Bu g¢alismada, bir tag ocaginda bir takim patlatma
uygulamalar1 gerceklestirilerek en yiiksek parcacik hiz degerleri ol¢iilmiistir. Bu degerler ile Yanal
(Tran), Diisey (Vert) ve Boyuna (Long) frekans degerleri karsilastirilmig ve yorumlanmustir.

Anahtar Kelimeler: En yiiksek parcacik hizi, Frekans, Titresim, Olgekli mesafe

Frequency Relationship with the Highest Particle Velocity of Blasting Applications
in a Quarry

Abstract

As it is known, as a result of blasting in open pit blasting, vibration waves spread to the environment and
the places where the waves pass are adversely affected. Researchers working on the subject have reported
that the degree of damage caused by waves is measured with the highest particle velocity value. They
emphasized that as the velocity value increases, the amount of damage is high, and as the velocity value
decreases, the amount of damage to the environment is less.

*Sorumlu yazar (Corresponding author): Serdar ERCINS, sercins@cumhuriyet.edu.tr
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In these studies, it is seen that the highest particle velocity value depends on the scaled distance, in other
words, the distance between the detonation point and the measurement point, and the amount of the
highest explosive substance detonated at once. However, the frequency of vibration waves formed as a
result of blasting, in other words frequency values, also determines the degree of damage to the
environment. In this study, the highest particle velocity values were measured by performing some
blasting experiments in a quarry. These values and Transverse (Tran), Vertical (Vert) and Longitudinal
(Long) frequency values were compared and interpreted.

Keywords: Peak particle velocity, Frequency, Vibration, Scaled distance

1. GIRIS

Sanayi ve endiistrinin temel girdi parametrelerini
iireten madencilik sektoriinde patlatma
uygulamalari en Onemli ana kriterlerden biridir.
Ozellikle hammaddelerin  ekonomik  olarak
iiretiminde patlatmanin verimli olarak
uygulanabilmesinin yani sira, cevreye
verilebilecek olan zararinda en az seviyede

tutulabiliyor olmasi olduk¢a 6nem arz etmektedir.
Bu  anlamda  patlatma  uygulamalarindan
kaynaklanan titresimlerin 6nceden tahmin edilip en
aza indirilebilmesinde kullanilan temel yaklagim,
en vyiksek parcactk hizi ve olgekli mesafe
iliskilerinin ~ kullanilmast  ile  saglanmaktadir.
Patlatma uygulamalar1 sonucunda meydana gelen
yer sarsintisinin, gecikme basina kullanilan
patlayici miktarina, 6l¢iim mesafesine ve sahanin
jeolojik faktoriine bagli oldu pek ¢ok aragtirmaci
tarafindan vurgulanmistir. [1-4]. Sahanin jeolojik
faktorii kontrolii saglanamayan oldukc¢a karmagik
bir sistemdir. Her sahanin jeolojik yapisi
birbirinden farkli oldugundan, yer sarsintisini
olusturan dalgalar bazi sahalarda c¢ok hizli
ilerlerken bazilarinda dalga hizi olduk¢a yavas
olabilmektedir. Bu sebeple saha iginde yapilacak
yer sarsintis1 Olgtimleri bir yon belirlenerek hep o
yonde yapilmalidir. Patlatma uygulamalarinda
gecikme bagina kullanilan patlayict madde miktar:
ise kontrol edilebilen bir parametredir. Gecikme
bagma kullanilan patlayic1 madde ne kadar g¢oksa
yersarsintis1 dalgalar1 da o kadar hizli yayilir ve
bunun etkisi daha tahrip edici olur. Patlatma
noktast ile yersarsintisinin - olustugu  nokta
arasindaki Ol¢iim mesafesi ne kadar uzak ise
yersarsintis1 dalgalarinin hizi da o kadar yavas
olmaktadir. Meydana gelen yersarsintisindan
dolay1 patlatma yapilan bdlgeye yakin yerlerde
bulunan yerlesim yerleri, insanlar ve yapilar

828

olumsuz bir sekilde etkilenmektedir. Bu nedenle
patlatma esnasinda meydana gelen yersarsintisi
hizint azaltmak igin arastirmacilar birtakim
¢aligmalar yapmistir [5-18].

Bu ¢aligmada, patlatma delikleri arasinda optimum
gecikme aralift uygulanmis ve/veya deliklerde
kullanilan patlayict madde miktarini azaltarak,
yersarsintisindan kaynaklanan en yiiksek parcacik
hizinin  azaltilmast  saglanmistir.  Aldas ve
Ecevitoglu [19] yaptiklar1 bir ¢aligmada, patlatma
delikleri arasinda uygun gecikme araliklar
kullanarak yersarsintisindan olusan en yiiksek
pargacik hizini 6nemli 6l¢iide azaltmiglardir.

Patlatma uygulamalar1 esnasinda titresim Olger
cihazi kullanilarak belirlenen en yiiksek pargacik
hizi, 6nemli bir hasar gostergesidir. Ancak titresim
Olger cihazinda en yiiksek pargacik hizinin yan
sira Yanal (Tran), Diisey (Vert) ve Boyuna (Long)
kaydedilen pargacik hizlarinin frekans degerleri de
belirlenmektedir. Titresim etkisinin en aza
indirilmesinin yani sira, frekans verilerine bakarak
patlatma esnasinda sahadaki yer degistirme ve
dalga yaylma durumu hakkinda  yorum
yapabilmek de olduk¢a 6nem arz etmektedir.

Hertz (Hz) ile gosterilen frekans ya da titresim
sayisi, bir olayin 1 saniyede hangi siklikta, kag
kere tekrar edildiginin Olglimii olarak ifade
edilmektedir. Bir olayin frekansi olgiiliirken, o
olayn belirli bir zaman araliginda kendisini kag
defa tekrar ettigi sayilir ve sonra bu say1 o zaman
araligina boliinerek frekans bulunur [20].

Patlatma  kaynakli  titresimlerin en aza
indirilmesinde ve patlatma esnasinda olusan
dalgalarin formasyondaki yayilma durumlart ile
ilgili bilgi saglanabilmesi agisindan frekans igerigi
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Serdar ERCINS, Abdurrahman TOSUN

dikkate almnmasi gereken bir diger O6nemli A=v/f (1)
parametredir.
Burada;

Bir dalgamin frekansi, dalga boyu ile iliskilidir. ). dalga boyu
Dalga boyu, bir dalga Oriintiisiiniin tekrarlanan - py7
birimleri arasindaki mesafe olarak tammlanmakta f frekans
(Sekil 1) ve Esitlik 1 ile hesaplanmaktadir [21].

\ Dalgaboyu (&) :

|- e

I 1

Dalga ylksekligi
(Glg)

Bir tam devir

(Frekans = 1 saniyedeki devir sayisi)

e

Zaman

Sekil 1. Dalga boyu/frekans iliskisi

Esitlik 1’den de anlasilacagi fizere frekansin
artmasi, dalga boyunu dolayisi ile yer degistirmeyi
azaltmaktadir. Ciinkii yer degistirme, disiik
frekanstaki bilesenlerine daha hassastir. Bu sebeple
diistik frekansa sahip dalgalar, daha fazla mesafe
kat ederek daha fazla yapiy1 etkiler ve hasar riski
olusturur.

Calismada, bir tas ocagi sahasinda uygulanan
patlatmalardan kaynaklanan titresimlerin
degerlendirilmesinde, en yiiksek pargacik hizi ve
Olcekli mesafe iligkisinin yerine en yiiksek
pargacik hizi ile Yanal (Tran), Diisey (Vert) ve
Boyuna (Long) kaydedilen parcacik hizlarinin
frekans degerleri karsilastirilmig ve
yorumlanmustir.

C. U. Miih. Fak. Dergisi, 37(3), Eyliil 2022

2. SAHA JEOLOJiISIi VE ARAZI
CALISMALARI

Kirmatas (kalker) iiretiminin yapildig1 c¢alisma
sahasi Sivas ili, Ulas il¢esi, Tecer Dagi’'nda
bulunmaktadir (Sekil 2). Tecer Dag1 yoresinde gri,
siyahims1 renkli, orta-kalin tabakali kiregtasi ile
temsil edilir. Kalinlig1r degisken olmakla birlikte
yanal  devamliligt  olmayan  bir  diizey
goriiniimiindedir.  Ofiyolitli  karigtk  {izerine
uyumsuz olarak c¢okelen bu kirectasi, ofiyolitlerin
Eosen'de ikinci kez aktarilmasi sonucu, bugiinkii
konumunu kazanmustir. Yasi, Ust Maestrihtiyen-
Paleosen olarak belirtilmigtir [22].

Sivas Geg¢ Kretase-Tersiyer havzasimnin giliney
kenar1 Ulas ilgesi dogusunda yer alan ve Tecer
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dagint igine alan bdlgedeki olusuklarla temsil
edilir. Miyosen sonu yogun tektonik etkinliklere
sahne olan bu bolge Neotetis kuzey kolunun Erken
Miyosen  sonunda  kapanmis  olabilecegini
simgeleyen kanitlar saklar. Yorede en yasgh
kayaclar havzanin gilineyini simirlayan Geg Jura-
Erken Kretase yash platform kiregtaslaridir.

Calisma sahasinda farkl zamanlarda
gerceklestirilen 11 adet patlatma uygulamasinin

Olciimleri, titresim Olger cihazi ile kayit altina
almmig ve elde edilen &lgim  bilgileri
degerlendirilmistir. Yapilan patlatma

uygulamalarina ait delik boyu ve ¢api, gecikme
basina patlayan en fazla patlayict madde miktari,
patlatma noktasi ile Ol¢iim noktast arasindaki
mesafe degerleri hassas bir sekilde belirlenmistir.
S6z konusu bilgiler ile patlatma uygulamalarinda
titresim Ol¢lim cihazi ile tespit edilen Ol¢lim
degerleri de Cizelge 1°de verilmistir.

Cizelge 1. Tas ocaginda gergeklestirilen patlatma uygulamalarindan elde edilen veriler

Gecikme | En
]gg;lll: ]zzglk bazt;f,aen ni:lsgal}g;i Olgekli | Tran |Tran| Vert |Vert| Long |Long p};lil;:fk Giiriilti
(m) | (mm) | patlayict (m) mesafe | (mm/sn) | (Hz) | (mm/sn) | (Hz) | (mm/sn) | (Hz) izt (dB)
(kg) (mm/sn)

102 16 287 71,75 | 1,513 | 19 | 1,907 |11,0| 1,458 | 13 1,907 | 111,1

102 16 315 78,75 1,151 21 1,545 [26,0| 1,442 | 16,5 | 1,545 111,8

10 89 42 277 42,74 | 2,618 | 6,2 1,874 | 5,6 | 3,191 7,6 3,191 | 135,12
13 89 40 273 43,17 | 2,004 | 7,1 | 3,712 | 9,3 | 1,738 | 10 | 3,712 | 1343
12 89 45 285 42,49 | 2,856 | 7.4 | 3,581 | 7,2 | 2,612 | 58 | 3,581 | 129,1
10,2 | 89 58 241 31,64 | 3,722 | 7,6 | 3,019 |16,1| 3,802 | 9,3 | 3.802 | 145,6
13 89 51 263 36,83 | 3,805 | 6,7 | 3,629 |13,7] 3,698 7,3 3,805 138,5
12 89 45 202 30,11 2,908 7 3,632 | 6,9 | 2471 4,9 3,632 135
15 89 55 241 32,50 | 1,981 | 6,8 | 3,682 | 92 | 1,702 | 12 | 3,682 | 130,8
15 89 61 227 29,06 | 3,503 | 8,2 148 |89 | 3812 | 7.4 | 3,812 | 1287
8,5 89 32 288 50,91 3,405 | 9,8 | 2,708 14 2,294 5,8 3,405 128,5
Sahada gerceklestirilen patlatma uygulamalarina  degerlerinin en yiiksek parcacik hizi ile olan

ait Yanal (Tran), Diisey (Vert) ve Boyuna (Long)
kaydedilen pargactk hizlarina ait frekans

830

regresyon analizlerini gosteren grafikler Sekil 3, 4
ve 5’te verilmistir.
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PPV-Tran
; y =-0,1462x + 4 6989

R#== 10,9137

PPV
.

Tran (Hz)

Sekil 3. PPV—tran (Hz) iliskisi

Sekil 3’te goriildiigii gibi en yiiksek parcacik hizi
ile yanal frekans degerleri arasinda ters orantili
olarak %91,37 regresyon katsayisi olusmustur.

PPV Vert
: y = -0,0786x +4,1934
R*=0, 3268

4 »
o L I .
o7 ..

ra . ] y

D 10 20 30
Vert (Hz)

Sekil 4. PPV_vert (Hz) iliskisi

Sekil 4 incelendiginde, en yiiksek pargacik hizi ile
diisey frekans degerleri arasinda kuvvetli bir iliski
belirlenememistir.

PPV-Long
. y = -0,1664x + 4,7862
R*=10,5571
= .
= &y : . @
o9
r * »
0 5 10 15 20
Long (Hz)

Sekil 5. PPV-long (Hz) iliskisi
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Sekil 5°te ise en yiiksek pargacik hizi ile boyuna
frekans degerleri arasinda yine ters orantili olarak
%355,71 regresyon katsayist hesaplanmustir.

Sahada gergeklestirilen patlatma uygulamalarina
ait en yiiksek pargactk hizi ve Olcekli mesafe
iligkisini gosteren grafik Sekil 6’da verilmis ve
denklemi bulunmustur.

PPV-Olcekli Mesafe
. y=-0,0453x +5,2972
R*=0,9035
= el X
o0 2 "’.’
” 0 50 100
Olgekhi Miszafe (m)

Sekil 6. PPV—06l¢ekli mesafe (m) iliskisi

Sekil 6’da goriilecegi iizere en yiiksek pargacik
hiz1 ile dlgekli mesafe degerleri arasinda %90,35
regresyon  katsayist  olusmustur.  Regresyon
katsayisinin ~ yiiksek  bir  deger  olmasi,
degerlendirme i¢in verilerin yeterli oldugunu
gostermektedir. Ancak calisma konusunun daha
fazla veri ile desteklenmesi de 6nemlidir.

3. BULGULAR VE TARTISMA

Bir tas ocaginda gergeklestirilen patlatma
uygulamalarindan elde edilen en yiiksek parcacik
hiz1 ile frekans verilerinin regresyon analiz
sonuglar1 incelendiginde, yanal frekans ile en
yliksek parcacik hizi arasinda anlamli baginti
cikarken, diisey ve boyuna frekans ile en yiiksek
parcactk hizi arasindaki regresyon analizi
sonucunda anlamlit bir bagmtinin ¢ikmadig:
goriilmektedir. Bu durum patlatma ile olusan
titresim dalgalariin  yatay ve diisey ortamda
yayiliminin farkli oldugunu goéstermektedir. Konu
ile ilgili daha dnce yapilan ¢alismalarda en yiiksek
parcacik hizi belirlenirken sadece yatay mesafe
degerleri  dikkate alinmigtir. Burada yatay
mesafenin yaninda diisey mesafe parametresinin
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de en yiksek pargactk hizini
goriilmektedir.

etkiledigi

Genel olarak literatiirde patlatma islemlerinde
meydana gelen titresim dalgalarinin ¢evreye zarar
verme orani, en yliksek parcacik hizinin miktara
gore belirlenmektedir. En yiiksek pargacik hizi
arttikca sdz konusu dalgalarin gegtigi bolgenin
daha  olumsuz  bir  sekilde  etkilendigi
vurgulanmaktadir. Calismadaki analiz
sonuglarinda, en yiiksek parcacik hiz degeri ile
diisey ve boyuna frekans degerleri arasindaki
regresyon analizi sonucunda anlamli bir bagitinin
cikmadigr goriilmektedir. Oysaki s6z konusu
frekans degerleri, patlatma sirasinda yerlesim
yerlerini olumsuz etkileyecektir. Arastirmacilarin
bu konuda daha detayli caligmalar yapmalari
Onerilmektedir.

4. SONUC

Calismada, bir tas ocaginda uygulanan
patlatmalardan kaynaklanan en yliksek parcacik
hiz degerleri ile Yanal (Tran), Diisey (Vert) ve
Boyuna (Long) kaydedilen frekans degerleri
arasinda regresyon analizleri yapilmis ve sonuglar
Cizelge 2’ de verilmistir.

Cizelge 2. En yiiksek parcacik hizi ile frekans
verilerinin regresyon analiz sonuglari

PPV- Tran PPV- Vert PPV- Long
(Hz) (Hz) (Hz)
R? 0,9137 0,3268 0,5571

Regresyon sonuglarinda, en yiiksek parcacik hiz
degerleri ile yatay frekans degerleri arasinda
anlaml iliskiler ¢ikarken; en yiiksek parcacik hiz
verileri ile dikey ve uzunlamasina frekans arasinda
herhangi bir iliskinin olmadig1 goriilmistiir. Ancak
bilinmelidir ki s6z konusu frekans degerleri,
patlatma yapilirken patlatma g¢evresini olumsuz
etkileyecektir. Bu nedenle cevreye zarar verme
parametresi olarak en yiiksek parcacik hizinin
yaninda diger frekans degerleri de goz Oniinde
bulundurulmalidir.
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Oz

Kiyilar kara ve deniz sinirinmi olugturan, belirli bir canli ekosistemini ihtiva eden alanlardir. Sularin iklim
degisimine bagli olarak c¢ekilmesi veya yiikselmesi, gelgit hareketleri, tropik ekosistemlerde hava
olaylarma bagli olarak meydana gelen firtina, hortum, kasirga vb. iklim olaylarinda, deniz alanlarmin
karalardan ayrildig1 kiy1 ¢izgisinin belirlenmesi 6nem arz etmektedir. Bu ¢aligma kapsaminda Sentinel-
2A uzaktan algilama goriintiisii izerinde, makine 6grenmesi tabanli mean-shift, rastgele orman (RO) ve
destek vektdr makinalar1 (DVM) yontemleri uygulanmig olup, boéliitleme sonrasi sonug¢ goriintiileri
dogruluk ve IoU metrikleri ile degerlendirilmistir. Genel dogruluklar, mean-shift, rastgele orman ve
destek vektor makinalari igin sirasiyla %97.23, %99.15 ve %98.68 bulunmustur.

Anahtar Kelimeler: Kiy1 ¢izgisi, Rastgele orman, Mean-shift, Destek vektor makinalari, Boliitleme

Machine Learning Based Segmentation of Shoreline Using Mean-Shift, Random
Forest and Support Vector Machine
Abstract

The coast is an area that forms the boundary between land and sea and contains a certain ecosystem of
life. To determine the coastline where sea areas are separated from the land in climatic events such as
storms, tornadoes, hurricanes, which occur due to the withdrawal or rise of waters due to climate change,
tidal movements, weather events in tropical ecosystems. In this study, machine learning-based mean-shift,
random forest (RO), and support vector machines (SVM) methods were used on the Sentinel-2A satellite
image, and the results were evaluated by calculating overall accuracy and using IOU metrics. The overall
accuracies are 97.23%, 99.15%, and 98.68% for mean-shift, random forest, and support vector machines,
respectively.

Keywords: Shoreline, Random forest, Mean-shift, Support vector machine, segmentation
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1. GIRIS

Kiyilar kara ve deniz sinirini olusturan, belirli bir
canlt ekosisteminin igerisinde yagamasina olanak
saglayan alanlardir. Kiyilar okyanus ve denizlerin
biriktirme ve asindirma faaliyetleri sonucu olusur
[1]. Sularm iklim degisimine bagh olarak
cekilmesi veya yiikselmesi, gelgit hareketleri,
tropik ekosistemlerde hava olaylarina baglh olarak
meydana gelen firtina, hortum, kasirga vb. iklim
olaylarinda, denizlerin karalardan ayrildigi kiy
cizgisi  alanlarmin  belirlenmesi, izlenmesi,
yonetimi ve siirdiiriilmesi i¢in sinoptik goriis sunan
uzaktan algilama sistemleri ile genis alanlarinin
takibi, diger yersel dl¢limlere nazaran daha etkili,
hizli ve diisiik maliyetlidir.

Kiyt ¢izgisi iilkemiz i¢in 8333 kilometre
uzunlugundadir [2]. Genis bir sinir ihtiva eden kiy1
sinirlarimizin ~ yillar  igerisindeki  dogal  ve
antropojenik siireglere bagli olarak degisiminin
gozlenmesi i¢in yapay zeka calismalarinin bir
uygulama alani olan makine dgrenmesi yontemleri
ile  dogrudan  belirlenebilmektedir. ~ Uydu
goriintiileri lizerinde yapilan goriinti
segmentasyonu diger bir deyisle bdliitleme,
goriintii  analizi isleminde benzer gri seviye
degerlerine sahip goriintii piksellerin homojen
olarak gruplandirilmasidir. Genel olarak, goriintii
boliitlemesi i¢in kullanilan yodntemler kontrolli
veya kontrolsiiz olmak iizere iki sekilde
siniflandirilir.  Kiimeleme tabanli  kontrolsiiz
boliitleme yontemlerinde piksel gruplama islemi,
kiime merkezlerinin giincellenmesi bitinceye kadar
devam eder. Ornegin, K-Means veya makale
kapsaminda uygulanan Mean-Shift gibi
yontemlerde durum boyledir. Kontrollii 6grenme
tabanli makine 6grenmesi yontemlerine ise en ¢ok
benzerlik (ECB), rastgele orman (RO) ve destek
vektor makinalari (DVM) 6rnek verilebilir.

Bu calisma kapsaminda, uzaktan algilama verileri
ile kiyt ¢izgisinin belirlenmesi i¢in makine
Ogrenmesi tabanli, mean-shift, rastgele orman

(RO) ve destek vektéor makinalari (DVM)
yontemleri  kullanilarak, bélitleme  sonuglari
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dogruluk  metrikleri ve kesisim iizerinden
birliktelik (IOU) metrikleri ile degerlendirilmistir.

2. ONCEKIi CALISMALAR

Kiy1 ¢izgisi belirlenmesi {izerine daha Onceki
yapilan calismalar incelendiginde; Satiroglu ve
arkadaslar1 (2015), Istanbul’un Anadolu Feneri ve
Agva dahil olmak tizere 1990-2005 yillar1 arasinda
kiyillarda meydana gelen degisimi Landsat MSS ve
Landsat TM  wuydu  goriintileri  iizerinde
gerceklestirilen ISODATA ve ECB yontemi ile
siiflandirmigtir. Calisma sonucunda 1990-2005
yillar1 arasindaki degisim tarim alanlart igin
%63,9, yerlesim %600,7, c¢ayir %50,8 azalis
gosterirken; agac %39,1 ve bos alan %18,2°lik bir
artis gostermistir. Unel ve arkadaslar1 (2019),
Aydmlar Goéleti’nin 2015-2019 yillar1 arasindaki
kiyt degisimini ortofoto haritalar iizerinde
inceleyip gol alammin 8713.83 m’ biiyiidiigiinii
belirtmislerdir [3]. Erdem ve arkadaslar1 (2018),
Landsat-8 goriintiisii iizerinde Istanbul’un belirli
bolgesi icin rastgele orman yontemi ile kiy1
cizgisini  belirlemek ig¢in  farkli  spektral
kombinasyonlar iizerinde 14,93 ve 14,85 karesel
ortalama hata ile belirlemislerdir [4]. Coban ve
arkadaglar1  (2019), Batum/Coruh Deltasinda
HES’lerin isletilmesinden sonraki dénem olan
1985-2019 yillar1 arasindaki 11 uzunlugundaki km
kiyt degisimi icin ASTER GDEM verisi tizerinde
iirettikleri sayisal yiikseklik modeli ile kiy1
cizgisinin kara yoniinde 238 m’ye kadar
geriledigini goézlemlemislerdir [5]. Aykut (2019),
IHA ile elde edilen kiy1 goriintiileri iizerinde 10
metre araliklarla enine kesitler olusturup GNNS ile
kiyt boyunca aldig1 koordinatlar arasinda yapilan
hesaplama ile konum dogrulugunu 1.068 m olarak
belirlemistir [6]. Kilar ve arkadaslar1 (2019),
Mersin Goksu deltasinin kiy1 degisiminin 25 ve 50
yil  sonraki konumlarin1  1984-2017  yillari
arasindaki Landsat goriintiileri iizerinde bant
oranlamas1 yaparak, elde edilen kiy1 ¢izgilerini
DSAS (Digital Shoreline Analysis Tool) araci ile
kiyt degisim degerlerini dikkate alarak ileriye
yonelik tahmin gerceklestirmiglerdir. Sonug olarak
25 il i¢in kiyi ¢izgisinin ortalama 114 m ve 50 yil
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sonra ortalama 223 m gerileme olacagi asinma
alanlar1 i¢in elde edilirken birikme alanlar1 i¢in 25
yil sonra ortalama 119 m ve 50 yil sonra 236 m
olacagi oOngorillmiistir [7]. Kiy1 ¢izgisinin
belirlenmesinde yapilmis uluslararasi calismalara
bakildiginda; Di ve arkadaglar1 (2003) yiiksek
coziinlirliige sahip IKONOS uydu goriintiisi
iizerinde PAN bandi da kullanarak mean-shift
yontemi  kiyr  ¢izgisinin = segmentasyonunu
gerceklestirmiglerdir [17]. Bamdadinejad ve
arkadaglar1 (2021), 1998-2017 yillar1 arasindaki
Landsat goriintiileri kullanilarak DVM ve ECB
yontemleri ile kiyt ¢izgisini ¢ikarmiglardir [18].
Billa ve arkadaglar1 (2011), Malezya bdlgesine ait
Radarsat-1 SAR goriintiisii tizerinde yar1 otomatik
olarak kiy1 ¢izgisinin ¢ikarimi gergeklestirmislerdir
[19]. Rishikeshan ve arkadaslar1 (2017), Cartosat
1-2, LISS 1V ve Landsat 8 goriintiileri kullanarak
gelistikleri  morfolojik tabanli  matematiksel
yaklasim  ile  kiyr  g¢izgisinin  ¢ikarimini
gerceklestirmiglerdir [20]. Kafrawy ve arkadaslar
(2017), kiyr gozleme icin Landsat 8 goriintiisii
iizerinde esikleme, bant oranlama ve siniflandirma
islemleri gerceklestirerek normalize fark bitki
indeksi ve normalize fark su indeksini
uygulamiglardir. Elde edilen kiy1 ¢izgisinin
dogrulamasini yiiksek ¢oziiniirliikkle Pleiades Bl
goriintiisii ile geceklestirmislerdir. Uyguladiklar
yontemler %84-%94 arasinda bir dogruluk
dretmigtir [21].

3. MATERYAL VE YONTEM

3.1. Materyal

Uygulama goriintiisii Copernicus (ESA) tarafindan
iicretsiz  olarak saglanan 22/04/2021 tarihli
Sentinel-2A uydu goriintiisiidiir. Uygulama ile
kara ve deniz smirlarinin ayrilip kiyr ¢izgisinin
tespiti amaclanmistir. Orijinal olarak 12 banda
sahip uydu gorintiisiiniin 10 metre konumsal
¢Ozlniirliige sahip kirmizi, yesil, mavi ve NIR
bantlar1 birlestirilip uygulama goriintiisii 4 banth
bir koleksiyon haline getirilmistir (Cizelge 1).
798x798 piksel boyutlarinda olacak sekilde,
calisma bolgesi Istanbul olarak belirlenmistir.
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Uygulamalar MATLAB ortaminda
gergeklestirilmistir.
Cizelge 1. Sentinel- 2A bant bilgileri [8]
Spektral | DAIEADOYU | o itk
Bant Arahg
Alan (m)
(nm)
Kiy1
B1 Aerosol 0.443 60
B2* Mavi 0.490 10
B3* Yesil 0.560 10
B4* Kirmizi 0.665 10
Vejetasyon
B5 Kirmizi 0.705 20
Kose
Vejetasyon
B6 Kirmizi 0.740 20
Kose
Vejetasyon
B7 Kirmizi 0.783 20
Kose
Yakin
B8* | Kizil otesi 0.842 10
(NIR)
Vejetasyon
BSA Kirmizi 0.865 20
Kose

*(Calisma kapsaminda segilen bantlar
3.2. Mean-Shift

Mean-Shift, obje tabanli kontrolsiiz bir goriintii
segmentasyon yontemidir. 1975 yilinda Fukunaga
ve Hostetler tarafindan ortaya atilmistir. K(x)
yogunluk tahmin kerneli olmak iizere , d boyutlu
bir oklit uzayinda R’ rastgele dagilmis n nokta
icinde x(i) (i=1,2,...,n) x’i hesaplamak icin
oncelikle kernel yogunluk fonksiyonu hesaplanir:

()= ¥ K [x;x’) (M

Kernelin tahmin kalitesi, yogunluk ve tahmin
edilen yogunluk arasindaki karesel hatanin
ortalamast ile dlgiiliir. f{x) yogunluk fonksiyonu ile
tanimlanan nitelik uzaymda Oncelikle olarak
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modlar belirlenir. Modlar, gradyanlarm sifir
olduklar1 noktalarda vardir. Bu sonuglara bakarak
mean-shift ile bu degerler aranir.

G(x)=c, (] ) @
1 Vi, (x
m,g (%)= Ehzc—;’ ”‘((x)) 3)
h,G
Ortalama kayma prosediirii ardistk  olarak

asagidaki islemlerin yapilmasi ile gergeklesir:

1) mp(x) ortalama  kayma  vektdriiniin
hesaplanmast
2) Kernel G(x)’in ortalama kayma vektori ile

tekrar hesaplanmasi

Gorlinti  tizerinde mean-shift  yontemini
uygulamak icin goriintiiye ait RGB degerleri
L*u*v renk uzayma gevrilir [9]. Mean-shift, veri
kiimesi tizerindeki veri dagiliminin en yiiksek
oldugu yeri bulmayi saglar. Yani elinizdeki bir
goriintii ve devam eden goriintii lizerinde (next
frame), belirlenen bir alan icerisinde yer alan tepe
noktalarinin belirlemesi siirecidir. Belirlenen tepe
noktalari, takip edilmek istenilen obje olacaktir.
Oldukga basit, hizl1 ve islevsel bir yontemdir.

3.3. Rastgele Orman

Rastgele orman yontemi, 2001 yilinda Leo
Breiman tarafindan gelistirilmistir. Rastgele orman
yontemi olusturdugu diigiimler {izerinde, rastgele
secilen degiskenler arasindaki en iyi degeri
kullanarak, her bir diigiim i¢in yeniden dallara
ayrilir.  Ogzellikler rastgele secilerek agaclar
gelistirilir. Agaglar, gelistirildikten sonra budama
islemi yapilmaz. Yontemi uygulamak igin iki
parametre gereklidir. Bu parametreler, en iyi
bolinmeyi  gergeklestirmek icin  kullanilan
degisken sayist (m) yani goriintii i¢in bant sayisi
ve gelistirilecek aga¢ sayist N, diger bir ifade ile
goriintii boyutudur. GINI indeksine bagli olarak
sinif homojenligi 6l¢iilir ve Ornegin goriinti
smiflandirma isleminde pikselin hangi sinifa ait
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oldugu GINI indeksindeki degere gore belirlenir
[10].

2.2 (f (B, PIIP)Cf (B, P/|P) )

J#l

Burada P veri setindeki egitim verisini, Bi rastgele
sekilde segilen pikselin ait oldugu etiket simnifi
ve f(B;, P/|P]), se¢ilmis olan 6rnegin Bi simifina
ait olma olasiligidir. GINI indeks degeri
biiyiidiikge smif heterojenligi artarken, GINI
indeks degeri azaldik¢a sinif homojenligi artar.

3.4. Destek Vektor Makinalar

Vladimir Vapnik ve Alexey Chervonenkis
tarafindan 1963 yilinda temelleri atilan Destek
Vektor Makineleri (DVM) istatiksel O6grenme
teorisine  dayali  bir  kontrolli = dgrenme
algoritmasidir [11]. Cogunlukla siniflandirma i¢in
kullanilan destek vektér makinalart dogrusal
olarak ayrilabilen ve dogrusal olarak ayrilamayan
olmak tizere iki gesittir. DVM’de ayrilacak iki sinif
arasinda en uygun ayirt etme yiizeyi belirlenir. Bu
yiizeye yakin en yakin vektorler, ‘destek vektori’
olarak isimlendirilir. Agirlik ve girdi degerleri
vektor seklinde ifade edebilirse, veriler hiper
diizlem boyunca ayrilir. Birgok siniflandirma
problemi i¢in dogrusal siniflandirma yetersiz
kalmaktadir. Verilerin &zellikle ¢ok boyutlu
problemlerde dagilimi dogrusal olmadigindan, veri
smiflandirmasi i¢in kullanilacak olan hiper-diizlem
de dogrusal olmayan yapiya sahip olmalidir.
Ayrica, destek vektdor makinalart “kernel based”
yani cekirdek fonksiyonu tabanli siniflandiricilar
grubundadir. DVM’de ¢ekirdek fonksiyonlar1 ¢ok
boyutlu verileri ayirmak i¢in kullanilir. Cekirdek
fonksiyonu sayesinde Oncelikle veriler dual uzay
olarak nitelendirilen Lagrange uzayina aktarilmasi
gerekir. Lagrange uzayinin 6zelligi problemi daha
yiiksek boyutlu bir uzaya tasiyarak verilerin daha
rahat ayrilmasini saglamasidir.

iki sinif icin siniflandirma -1/+1 sinf etiketleri ile
ifade edilirse; X={x;,y;} i¢in x; € R, ise y; = +1
ve x; ER, ise y; =—1 olur. 1/ |lw| destek
vektorlerinin en uygun hiper diizleme olan
uzakligini ifade eder.
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Dogrusal olarak ayrilabilen destek vektorlerine ait
Lagrange denklemi:

N
L, =%w2 D 6.y, (wx, +b)+ )6, )
i=1 i=1

Dogrusal olarak ayrilamayan iki sinifa ait destek
vektor denklemi:

h(x):Z@yiK(xi’yi)+b (6)

K(x;,y:) cekirdek  fonksiyonlarini ifade
etmektedir. DVM i¢in kullanilan bazi ¢ekirdek
fonksiyonlar::  (5) lineer, (6) sigmoid, (7)
polinomial ve (8) radial basis funtion (RBF)
cekirdek (kernel) fonksiyonlarini ifade etmektedir.

K(x,y) =X.y (7N
K(x,y)=tanh(;/x.y)+b ®)
K(x,y)=(1+x.y)d 9

K(x,y)zexp(—;/x—y)zK(x,y)=x.y (10)
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Sekil 1. Calisma blesi
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Calisma kapsaminda uygulanan DVM ydntemi
icin literatiirde en ¢ok kullanilan [12,13] RBF
¢ekirdek fonksiyonu tercih edilmistir.

4. CALISMA BOLGESI VE
DOGRULUK ANALIZi

Boliitleme sonrasi dogruluk analizi, deniz igin
403,415 ve kara igin 233,389 nokta ile
gergeklestirilmigtir. Dogruluk, test goriintiisiindeki
etiket smiflart ile yine simiflandirma sonrasi
iretilen sonug goriintlisii  lizerinde bulunan
degerler (siniflar) arasinda karsilasgtirma yapilarak
belirlenir. Boliitleme islemine ait smiflandirma
Olciitleri Congalten ve Green’in (1999) sundugu
yontemle belirlenmistir [14]. Dogruluk analizi i¢in,
Sekil 2(f)’de gosterilen yer gercegi kullanilarak
hata matrisi olugturulmustur. Dogruluk analizi igin
kullanilan  IoU, genel dogruluk, kullanici
dogrulugu ve iretici dogrulugu asagida belirtildigi
gibi hesaplanir.

Genel dogruluk test verisi i¢cinde dogru olarak
tahmin edilen tim piksellerin, toplam piksel
sayisina oranlamastyla bulunur.

DP + DN

Genel Dogruluk =
(DP+YP+YN+DN)

(11)
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Kullanici dogrulugu, modelin yanlis negatiflerden
ne kadar iyi kagindigini belirler. Dogru gergek
degerlerin tiim gercek degerlere olan oranidir.
Kullanici dogrulugu smiflandirma sonucu olusan
ciktt goriintiisiiniin giivenirligini 6lger. Kullanici
dogrulugu tahmin edilen degerin gercekte ne
kadarinin yeryiiziinde kendi simnifina ait olup
olmadiginin 6l¢iitiidiir.

DP

Kullanict Dogrulugu = ————
S = op v

(12)

Uretici dogrulugu egitim ve test verilerinin kag
tanesinin dogru bir sekilde siniflandirildiginin
Olciitiidiir. Diger bir deyigle iretici dogrulugu
tahmin edilen degerlerin gercekte kac tanesinin
dogru tahmin edildigini gosterir.

DP

Uretici Dogrulugu = ———
S = Dp o ve)

(13)

IoU, bilgisayarla gorii alanindaki gelismelerle
birlikte boliitleme sonuglarini kullanan bir metrik
olup, yersel dogrulama goriintiisii ile siniflandirma

sonrast ¢ikti  gOriintiisi  arasindaki  kesisen
alanlarin, toplam alana olan oramidir [15].
TP (14)

Us——
TP+ FP+FN
5. BULGULAR VE TARTISMA

Boliitleme sonrast RO, DVM ve Mean-Shift
yontemlerine ait sonug¢ goriintilleri Sekil 2°de
verilmistir. Sonuglar gorsel olarak incelendiginde
RO, kara alanlarindaki yogun orman alanlarini yer
yer deniz sinifi olarak bulmustur (Sekil 2c). Kiy1
boyunca girintili ve ¢ikintili alanlar1 detayli bir
sekilde belirleyememistir. DVM, kiyt s
boyunca var olan nesnelerinin detaylarini
belirlemede RO’ya goére daha iyidir (Sekil 2.d).
Mean-Shift yontemi, RO gibi kara alanlarini deniz
olarak belirlemis ve kiy1 lizerinde olan iskele gibi
yapilar1 tam olarak g¢ikarmakta yetersiz kalmistir
(Sekil 2.e)
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Sekil 2. RGB (a), 4 BANT (Kirmizi, Yesil, Mavi,
Yakin kizildtesi bant kombinasyonu)(b),

RO (¢), DVM (d), Mean- Shift (e), Yer

Gergegi ()

RO Kara Deniz
Kara 229033 4356
Deniz 1070 402345
DVM Kara Deniz
Kara 225661 7728
Deniz 871 402544

Mean-Shift Kara Deniz

Kara

12160
Deniz 5464

Sekil 3. RO, DVM ve Mean-Shift yontemlerine ait
hata matrisleri
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Cizelge 2. Dogruluk analizi sonucu elde edilen

IoU, iretici dogrulugu, kullanici
dogrulugu ve genel dogruluk degerleri
Yontem [P0kt |y u | b | kp | 6D
siniflari
Kara 97.69 | 99.53 | 98.13
RO Deniz 98.67 | 98.93 | 99.73 99.15
Kara 96.33 | 99.62 | 96.69
DVM Deniz 99.78 | 98.12 | 99.78 98.65
Mean- Kara 92.62 | 97.58 | 94.79 97.23
shift Deniz 95.76 | 97.03 | 98.65 i

Kara sinifi en yiiksek IoU degeri RO, deniz sinifi
icinse DVM’den elde edilmistir. Genel dogruluklar
RO, DVM ve Mean-Shift igin sirastyla %99.15,
%98.65 ve %97.23’tiir. Uretici dogruluklar1 kara
ve deniz smiflart icin RO ve DVM yontemleri
birbirine yakin olup sirasiyla %98 ve %99
civarindadir. Mean-Shift ydntemi igin etiket
siniflarinin iretici dogruluklart %97°de kalmistir.
Kullanic1 dogruluklar kara etiket sinifi i¢in RO,
DVM ve Mean-Shift i¢in sirasiyla %98.13,
%96.69 ve %94.79’dur. Deniz etiket sinifi iginse
%99.73, %99.78 ve %98.65’dir. Mean-Shift
yontemi detaylar1 ¢ikarmada iyi olmayip, RO gibi
kara  alanlarindaki  yerleri  deniz  olarak
bolitlemistir. Bunun sebebi Mean-Shift
yonteminin spektral yansima degerlerine yani renk
bilgisine olduk¢a duyarli olmasidir. DVM, yakin
ve benzer yansima degerlerinin {istesinden gelmis
ve gorsel olarak incelediginde daha iyi bir sonug
vermistir. RO yontemi ise farkli yansitimlardan
etkilenmis olup DVM kadar basarili olamamustir.

Makale kapsaminda kiyt ¢izgisinin = ¢ikarimi,
yapilan caligmalar ile karsilastirildiginda Kumar
vd., (2020), Hindistan Odissa kiyist i¢in K-En
yakin komsu (KNN), DVM, yapay sinir aglari
yontemleri kullanarak yaptiklar1 ¢alismada %80-
%84 arasinda bir dogruluk elde etmislerdir [22].
Makale kapsaminda kiy1 c¢izgisinin belirlenmesi
icin iiretilen dogruluk %14-%18 arasinda bir artig
saglamigtir. Erdem vd., (2021), derin 6grenme
yontemleri (WaterNet) ile kiy1 ¢izgisini %99
dogrulukla  belirlemislerdir [23]. Makale
kapsaminda sadece RO yontemi ile ayni sonug
elde edilmistir. Dang vd., (2022), derin 6grenme
mimarisi olan U-NET mimarileri ile yaptiklar
calismada %97 ve %98 olan genel dogruluklar
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elde etmislerdir. Bu sonu¢ makale sonuglari ile
ayn1 olup, RO yontemi %1 artig gostermistir. Son
donemde derin 6grenme yontemleri ile yapilan
caligmalar ile dogruluk artsa da, derin 6grenme
mimarileri yiiksek performansli bir donanima ve
biiyiik verilere ihtiyag duymaktadir. Bu noktada
makine Ogrenmesi yontemleri, derin &grenme
yontemlerinden ¢ok az bir farkla dogruluk
tireterek, daha diisiik donanim ve veri ile kiy1
siirlarmin ayrilmasina olanak saglamaktadir.

6. SONUCLAR

Bu c¢alisma kapsaminda ilgili calisma bdlgesi
iizerinde Sentinel-2A uydu goriintiisii kullanilarak
RO, DVM ve Mean-Shift makine Ogrenmesi
yontemleriyle kiy1 ¢izgisi belirlenmigtir. Elde
edilen genel dogruluklar RO, DVM ve Mean-Shift
icin sirastyla %99.15, %98.65 ve %97.23’tiir. RO
ile en yiiksek genel dogruluk elde edilse de
sonuglar gorsel olarak incelediginde kara sinifini
yer yer deniz olarak boliitledigi goriilmiistiir.
DVM, kiy1 ¢izgisi iizerindeki obje detaylarinin
¢ikarilmasinda RO ve Mean-Shift’e nazaran daha
iyidir. Sonu¢ olarak, RO, DVM ve Mean-Shift
makine 6grenmesi yontemleri %95’in iizerinde bir
genel dogruluk {rettikleri igin kiy1 ¢izgisinin
belirlenmesinde basarili olduklari tespit edilmistir.
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Abstract

The door seals for vehicles in automotive industry, which are one of the most important components,
provide insulation and damping. Quality of the product highly depends on the shelf life of the seal
compound under required temperature. The most important parameters of the compound are its viscosity
and scorch values. The aim of this study is to determine the most suitable shelf life in manufacturing and
storage processes for seal compound. For stating the important factors affecting shelf life of frequently
used main two types of seal compound, interviews are made with the producing firm. Then for both types
of compound, series of controlled experiments are performed, and linear estimation models are developed
with the help of the results of these experiments. In this study, the results of generated multi variable
regression models are presented. It is seen that the generated estimation models can be employed by the
producers, and the results of the experiments are overlapping with the results of studies performed in the
literature.

Keywords: Seal compound, Viscosity, Scorch, Shelf life, Regression analysis

Otomotiv Endiistrisinde Kap1 Fitil Hamuru icin Raf Omriiniin Arastirilmasi
Oz

Otomotiv endiistrisindeki araglar i¢in en dnemli pargalardan birisi olan kapr fitili, yalitim ve soniimleme
saglar. Uriiniin kalitesi, gerekli sicakliktaki sizdirmazlik karisiminin raf dmriine biiyiik dlgiide baghdir.
Karisimin en dnemli parametreleri, viskozitesi ve kavrulma degerleridir. Siklikla kullanilan ana iki tip
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sizdirmazlik karigiminin olgunlasma siirelerini etkileyen dnemli faktorleri belirlemek i¢in {iretici firma ile
goriismeler yapilmigtir. Bu ¢aligmanin amaci, sizdirmazlik maddesi i¢in iiretim ve depolama siire¢lerinde
en uygun raf dmriinii belirlemektir. Daha sonra, her iki karigim tipi i¢in kontrol altinda bir dizi deney
gerceklestirilmigtir ve bu deneylerin sonuglart yardimiyla dogrusal tahmin modelleri gelistirilmistir. Bu
calismada, gelistirilen ¢ok degiskenli regresyon modellerin sonuglar1 sunulmaktadir. Gelistirilen tahmin
modellerinin iireticiler tarafindan kullanilabilecegi ve deney sonuglarinin literatiirde yapilan calisma

sonuglartyla ortiistigii goriilmektedir.

Anahtar Kelimeler: Profil hamuru, Akiskanlik, Kavrulma, Raf 6mrii, Regresyon analizi

1. INTRODUCTION

The door seals for vehicles in automotive industry,
which are one of the most important components,
provide insulation and damping [1]. In this
context, sealing systems for automotive industry
are a developing sector in Turkey. The aim of this
study is to determine the most suitable shelf life in
manufacturing and storage processes for seal
compound in place of Standard Profil A.S.
established in Diizce.

Seal compound is used as raw material in the
production of door seals. The quality of seal
compound can decrease because of structural
distortions through manufacturing or post
manufacturing processes. Defects of the seal
compound cause production and quality problems
on the final product. Quality of the compound also
highly depends on preparation methodology and
conditions of the holding and storing periods.
Because of this reason the storage conditions and
periods are important for the quality and efficiency
of final product.  Quality measures of the
compound are described by its scorch and
viscosity parameters. These viscosity and scorch
parameters are highly affected from the climatic
conditions of storage area and the preparation
place.

Generally, in the recent studies there are some
researches testing the reactions of elastomers
stretch-stress context related to temperature and
lose as the time passed. Besides, in automotive
industry the importance of seal compound shelf
life conditions is emphasized in some studies, but
there is no experimental design study. In this
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study, after preparation of seal compound viscosity
and scorch are analysed, through the shelf life
before the extrusion, within different storage
conditions (temperature, humidity, and air
pressure).

This study is distributed into sections as follows:
In the first section, similar studies in the literature
are provided, in the second section, the
specifications of seal compound are identified and
the procedures employed in this study are
described. In the third section of this study, the
collected data, performed analyses, and the created
empirical models are explained. In the fourth
section, the obtained results are discussed and
suggestions are proposed to the business for their
future production processes.

2. LITERATURE REVIEW

In the literature it is seen that, the manufacturing
process of seals have different operations at
various phases. It has been said that there is a lack
of studies on the effects of factors other than
pressure, temperature, time and certain material
properties on seal quality in the literature presented
in this study [2]. Caglayan et al. (2015) proposed a
method determine the performance of noise
isolation depending on the seal material and the
design types, in a study analysing the effect of
door seals on sound loss of a taxicab [3]. Launay et
al. (2018) analyzed the thermal reactions of rubber
experimentally to measure the viscosity of rubber
at entry and exit of extrusion by putting a
cylindrical measuring tool at both ends of
extrusion press [4]. It is seen that the level of
viscosity is depending on the thermal factors from
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the analysis of experimental results. The results of
experiments performed for this study to detect the
thermal reactions of rubber compound to various
temperature levels, are evaluated by employing the
comparative assumption model. Choi (2002)
performed a study analysing the effects of time and
temperature on the rubber storage. The initial
storage temperature of silane, a component of the
rubber, is important because of the bonding
attribute of it. Since the high percentage of silane
in the rubber compound, rubber can be stored more
than 20 days under proper conditions. In this study
an experimental design is done to determine the
storage periods of rubber having various
percentages of silane at various times and
temperatures [5]. Choi and Ko (2014) performed a
new study to measure with new experiment
procedures, the bonded rubber generation under
various temperatures. The temperatures are 900 °C
and 1800 °C; the procedures are the ammonia
synthesis and sanitation. Their experiments show
that the rubber formation occurs in three forms.
Those are nucleus form, clogged and tight at initial
phase, and the binding wire form at second phase.
The measurements of each form are derived with
the applied temperatures and new test methods [6].
Cheheb et al. (2012), in their study to search the
thermal conductivity of rubber in storage presented
a device calculating and controlling the
vulcanization ratios. The hot disk method is used
to measure the thermal conductivity. They
concluded that the thermal conductivity is a
function of wvulcanization ratio [7]. The rubber
elastomers are used frequently in automotive
industry because of their effects on driving
performance and comfort. The application of
temperature-viscosity model is important to test
them under various temperatures at different times
[8]. In another study, under compression-
displacement stress, each of the stresses is smaller
if the structure is controlled by density; indicates
that if the structure is controlled by displacement,
each of its displacements is smaller [9].

Sahinoglu et al. (2019) analysed how affected are

the surface unevenness, noise level, and current
vibrations of motor from the cutting setups in
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operating on AISI 1040 (American Iron and Steel
Institute) steel by employing the ANOVA
(ANalysis Of VAriance) and regression [10].
Akgilin and Dere (2007) looked at the possibility of
recycling the used frying oils in the industry with
experimental design to observe the change of
reactions behaviour in different conditions [11].
Nnanwube et al. (2020) tried to find the optimal
parameters to separate the pigments by using
hydrochloric acid activated Ogbunike kaolinite
(Al,Si1,05(OH),) from the palm oil. ANOVA is
employed to prove the statistically significance of
operation parameters [12].

3. METHODOLOGY

3.1. Material

It is observed through the research that the cooking
process is triggered. The heat affects the shelf life
of the compound. It is thought that the basic reason
of this is the Sulphur content of the compound.
The heat is catalyzing the cross bonding of
Sulphur. In  these uncertainties, various
experiments are performed to define the relation
between the compound and the heat. To detect the
change of compound under heat, various studies
are done and data is recorded. The examples of
both compounds are kept in the refrigerator first. It
is seen that most of the various compounds can be
stored in the limit values for 40-45 days. Then
examples are detected under the room temperature
and the shelf life is found between 15-30 days.
Some variances are detected at shelf life of the
examples stored in the cold room. It is thought that
the reason for these variances is the difficulties to
keep constant the temperature of cold room.
Besides, some detection is performed at 40 °C and
70 °C in the incubator. It is detected that the shelf
lives of these examples are less than a day and
varying with the hours. Research and publication
ethics were complied with in this study.

In this study, mostly used raw materials
Compound 1 and Compound 2 in the production of
seal at Standard Profil A.S. are analysed. The
viscosity and scorch parameters are shown on
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Table 1 for Compound 1, the sponge type, and on
Table 2 for Compound 2, compact type.

Table 1. Technical requirements for compound 1

Parameter | Lower Limit Upper Limit
Viscosity 38.00 44.00
Scorch 3.80 5.30

Table 2. Technical requirements for compound 2

Parameter | Lower Limit Upper Limit
Viscosity 78.00 88.00
Scorch 3.70 5.20

In the first experiments, temperature, humidity,
time, and pressure are used as independent
variables. The measure of molding ability,
viscosity, scorch and the measure of storage period
before molding are used as the response variables
of experiments.

3.2. Experimental Design

Experimental design is systematically changing the
values of variables under control, which directly

affects the performance values of the process to
see the effects of these changes. The experimental
design for determining the variable parameters of
processes, to minimize the variability of them, and
process practicing is one of the most frequently
used techniques [13]. It can be defined as
searching the effects on/over response variables
when the input parameters are changed, and
getting results by evaluating them. The searched
input variables and their levels, output variables,
the experiment application process and the
procedure for evaluating the results have to be
determined before the experimental design process
is started.

The general model of a system or a process is
given by Figure 1. According to the Figure 1,
process variables X;, X,, X3, ..., X, are the
controllable process variables, and Z;, Z,, Zs,
...,Z4 are the uncontrollable process variables. The
experiment design has a very important role in
developing a new process and improving a process
to increase the productivity. The aim is to develop
a healthy process. It means to minimize the effect
of uncontrollable process variables (Zi’s) which
are the reason of variation at output [ 14].

CONTROLLABLE VARIABLES

X X X Xp
Z 7, Zs Z,

UNCONTROLLABLE VARIABLES

Figure 1. The general illustration of a system or process [14]
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Definition of Mixture Problem

Determining the factors,
factor levels and response

variahles

L

Identification of Response
Variables

|

Selecting the Experimental
Design

|

Doing the Experiments

!

Statistical Analysis

Evaluating the Results

Figure 2. The flow-chart of followed procedure

The planning, application, and analysis steps of
this study are seen on Figure 2.

One of the basic goals of experiment design is to
minimize the experimental errors [15]. Full
factorial experiment design offers important
easiness to researchers at analysing phase when it
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is combined with the statistical techniques.
Variance Analysis and Regression Analysis are
used to analyse full factorial experiment design.
The Variance Analysis defines the relationships
between the processes and affecting factors
statistically [16]. The Regression Analysis is used
to state a mathematical relation with reason
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(independent input variables) and the response
variable (dependent output variables) [17]. The
effect of an element on the designed experiment
can be calculated.

3.3. Multivariable Regression

In most of the practical applications, it is nearly
impossible to achieve excellent information. The
obtained data may deviate at many times. These
deviations are caused by the immeasurable
external effects and from the nature of
measurement tools basically. The most frequently
used method to derive information from the
measured values is the regression analysis and the
deviations from the regression model are referred
as error term or measurement noise [18, 19].

The basic regression analysis depends on the idea
of describing a dependent variable, with the help
of independent variable. Where the dependent
variable that will be described is denoted by y, and
the describing independent variable by x; the
model function is expressed mathematically as
Equation (1).

y=a+bx (D)

In some cases, to explain the dependent variable,
more than one independent variable may require in
regression analysis. Multivariable regression
model assumes that the dependent variable can be
explained by more than one independent variable
and the measurement errors have a normal
distribution. Multivariable regression model
function is given in Equation (2), where y is the
dependent variable, and values of x4, x5, ..., x,, are
independent variables.

y=Ly+Bx +Box, +...+ Bx, 2)

Coefficient of determination (R?) can be used as a
goodness-of fit statistics [20], and indicates the
explanation level of the dependent variable by
independent variables. Thus R? is used in the
consistency analysis of the results of multivariable
regression analysis.
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4. RESULTS

It is recognized that the storage time of the
compound before production is directly affecting
the quality of final product in automotive isolation
seals industry. In this study for this aim, initially
the controllable parameters are determined. Those
are the temperature, time, pressure, and humidity
in the production area. It is concluded together
with producers that taking pressure and humidity
constant is suitable.

The compound specimens which will be used in
experiments are hold under similar to the factory
conditions in refrigerators, cold rooms, normal
room temperature, and incubator for various
periods, and examined. The data of performed
experiences on Compound 1 and 2.

The aim of this study is to determine the most
suitable shelf life in manufacturing and storage
processes for seal compound in place of Standard
Profil A.S. established in Diizce. For this reason,
the searches are performed on two different types
of compound. The constructed multi variable
regression model is formulated at Equation (3).

v, = B, + B, Temperature, + B, Time, + &, (3)

y; is response variable in the regression model.
The results of the model are summarized in
Table 3.

Table 3. The results of regression model non-

considering the multi-interactions
Zglfn;glfmd y Bo P1 B2 R?
Compound 2 | Viscosity | 78.69 0.18 0.33 0.34
Compound 2 Scorch 5.03 -0.02 -0.02 0.37
Compound 1 | Viscosity | 40.85 0.27 0.06 0.22
Compound 1 Scorch 4.81 -0.03 -0.01 0.59

In analysis of the outputs at the non-considering
the multi-interaction regression model, the
coefficient of determination (R?) of viscosity is
0.34, constant term (f,) is 78.69 and regression
coefficients are 0.18 and 0.33 for Compound 2.
For Compound 2 the Scorch estimation R? value is
0.37, constant term is 5.03 and regression
coefficients are -0.02 and -0.02. The coefficient of
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determination of viscosity is 0.22, constant term is
40.85 and regression coefficients are 0.27 and 0.06
for Compound 1. For Compound 1 the scorch
estimation R? value is 0.59, constant term is 4.81
and regression coefficients are -0.03 and -0.01.

Another model is constructed considering the
relations between the temperature and time. The

mathematical representation of this model is given
by Equation (4).

v, = By + B, Temperature, + [, Time, +

4)

B, TemperatureTime, + &,

Table 4. The results of model considering the dual interactions

Type of compound y po p1 p2 B3 R2

Compound 2 Viscosity 80.90 0.11 0.12 0.01 0.43

Compound 2 Scorch 4.89 -0.02 -0.00 -0.00 0.42

Compound 1 Viscosity 40.17 0.30 0.10 -0.00 0.22

Compound 1 Scorch 4.69 -0.02 -0.00 -0.00 0.62
The results of this model considering the dual Compound 1.

interactions are shown on Table 4.

In the analysis of outputs of the regression model
considering the multi-interactions the coefficient
of determination (R?) of viscosity is 0.43, constant
term is 80.90 and regression coefficients are 0.11,
0.12 and 0.01 for Compound 2.

Coefficient of determination (R?) of scorch 0.42,
and constant term is 4.89, and regression
coefficients are -0.02, -0.00 and -0.00 for
Compound 2.

Coefficient of determination (R?) of viscosity for
Compound 1 is 0.22, constant term is 40.17 and
regression coefficients are 0.30, 0.10 and -0.00.

Coefficient of determination (R?) of scorch is 0.62,
and constant term is 4.69, and regression
coefficients are -0.02, -0.00 and -0.00 for

Another model is constructed for the cases where
to directly measure one of the viscosity or the
scorch is impossible. In this model, when the
scorch is measurable, the viscosity; if viscosity is
measurable, scorch is tried to estimate. The
mathematical representations of these models are
given by Equations (5) and (6).

v, = B, + B, Temperature, + [, Time, +

5
B, Scorch, + ¢, ©

v, = Py + B, Temperature, + [, Time, +

6
B, Viscosity, + ¢, ©

The results of experiments conducted for these
models are presented on Table 5.

Table 5. The results of models, estimating one of the parameters where the other is known

Type of compound y po p1 B2 B3 R2
Compound 2 Viscosity 120.70 -0.01 0.17 -8.35 0.69
Compound 2 Scorch 9.97 -0.01 0.00 -0.06 0.70
Compound 1 Viscosity 110.62 -0.11 -0.12 -14.50 0.53
Compound 1 Scorch 5.94 -0.02 -0.01 -0.03 0.75

In the analysis of outputs of the regression model
for estimating one of the parameters where the
other is known, the coefficient of determination
(R?) of viscosity is 0.69, constant term is 120.70
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and regression coefficients are -0.01, 0.17 and -
8.35 for Compound 2. For the estimation of
scorch, coefficient of determination (R?) is 0.70,
constant term is 9.97, and regression coefficients
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are -0.01, 0.00 and -0.06 for Compound 2. The
coefficient of determination (R?) of viscosity is
0.53, constant term is 110.62 and regression
coefficients are -0.11, -0.12 and -14.50 for
Compound 1. For the estimation of scorch,
coefficient of determination (R?) is 0.75, constant
term is 5.94, and regression coefficients are -0.02,
-0.01 and-0.03 for Compound 1.

viscosity and scorch parameters to decide the
length of storage period at an expected
temperature, is the most useful model to determine
the material life for the compound. The
mathematical representation of period estimation
model is given by Equation (7).

v, = B, + B, StorageTemperature, +

(7
Vi ity Scorch, .
The period estimation model, recording the initial P, Viscosity, + i, Scorch; + ¢,
Table 6. The results of period estimation model
Type of comp. y po p1 p2 B3 R2
Compound 2 Distortion period of product 89.69 -0.74 -0.68 4.00 0.74
Compound 1 Distortion period of product 181.36 -0.25 -5.02 16.18 0.77

Table 6 shows the period estimating model results.
It is seen that the R? is 074, constant term is 89.69
and regression coefficients are -0.74, -0.68 and
4.00 for Compound 2; the R? is 0.77, constant
term is 181.36, and regression coefficients are -
0.25, -5.02 and 16.18 for Compound 1.

5. CONCLUSION AND DISCUSSION

In this study in an automotive seal producing
factory, the changes on the parameters of
compound with the thermal conditions of storage
area and storage periods of the compound under
the various climatic conditions is searched.

The high R? value for the scorch of Compound 1
implies that the variance is explained by the model
successfully. In the viewpoint of the constructed
model, it is seen that all of the models are usable at
certain level. But it can be seen easily that the
results of multi and single interacting models are
so close, and the difference between values of
coefficient of determination (R?) is maximum 9
percentage. Besides these, in the analysis of
derived coefficients from the models, in the model
considering the interaction between the
temperature and time the dual interaction
coefficient is so close to zero. This indicates that
the interaction effect can be ignored. It is also seen
that because of the coefficient of determination for
Compound 1 is so small, it is not suitable to
estimate a value for viscosity.
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It is realized that, the factories having a tool to
measure only scorch or only viscosity can estimate
the response variable by wusing the models
formulated with Equation (5) and (6). In evaluating
the results of models, the higher value of
coefficient of determination for scorch estimation
model implies the scorch parameter can be
estimated more realistically.

In the period estimation model, it is tried to
estimate the temperature and length of the storage
period for distortion of the compound by
measuring the viscosity and scorch parameters. It
is seen that when scorch parameter of the
compound is high, the life of the product will be
longer; and it is converse for the viscosity
parameter. The signs of the coefficients are also
supporting this idea. The negative coefficients
show that distortion of the compound will be
slower if storage temperature is lower.

In one study performed on the seal compound, it is
submitted that the viscosity parameter decreases
depending on storage temperature and period [2-
21]. The results of this study support their
argument. It is seen that the time estimation model
is so useful for production planning and/or cost
analysis. If the compound will not be taken to
production line, it can be stored in a cold place by
accepting some additional costs. If the firms do not
want to pay this cost, they can either sell the
compound or use it by changing their production
plans.
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The convenient storage time is important for
production planning and to decrease the rate of
waste. This study showed that under the
predetermined conditions, convenient storage
period can be estimated. Since the importance of
storage period is presented, the producers may
design continuous recording systems for storage
conditions and necessary tools can be designed to
measure the viscosity and scorch parameters
frequently. In future works, new systems can be
developed to work integrated with Industry 4.0.
These systems will reduce waste, improve logistics
operations and product quality.
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